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Abstract

This thesis assessed the influence of the dietary practices of Seventh-day Adventists within
the context of their lifestyle on COVID-19-related health outcomes such as the incidence of

COVID-19 infection, symptom severity and risk of long-COVID.

Therefore, a two-year prospective cohort study involving 170 participants (86 Adventists and
84 non-Adventists) was conducted to compare COVID-19 outcomes among Adventists and
non-Adventists. The study showed that Adventists had a significantly lower incidence of
COVID-19 infection (OR 0.45, 95% CI1 0.2,1.0, p=0.05) and had a significantly reduced risk
of experiencing severe symptoms as well as long COVID symptoms. These outcomes were
observed despite Adventists being older and having a lower vaccination rate. Logistic
regression analysis further revealed that adherence to a plant-based diet was significantly
associated with reduced COVID-19 risk. Furthermore, being a vegetarian Adventists was
associated with significantly less weight gain during the pandemic compared to non-
vegetarians and Adventists overall reported frequent lower levels of pandemic-related stress
and less weight gain during the lockdowns, which may have positively influenced their

COVID-19 risk significantly.

Plant-based Adventists were shown to consume fewer dietary supplements than omnivores,
specifically vitamin B12 and vitamin D; however, this did not correspond to increased
COVID-19 risk. A systematic review and meta-analysis supported that vegan and vegetarian
Adventists typically met recommended intakes for most nutrients that can influence
immunity and thus COVID-19 susceptibility, though potential deficiencies in calcium, zinc
and iron were noted. These findings led to the design and implementation of a targeted

educational intervention among plant-based Adventists who were living in the UK. The



educational intervention identified significant gaps in general and COVID-19 specific
nutrition knowledge among the recruited plant-based Adventists at baseline, which was
effectively improved by the educational intervention, which showed a large effect size
(Hedges' g =—2.681, p <0.001). The 4-week follow-up questionnaire showed that 49% of
participants had begun to use supplements after the intervention and 59% reported using

more fortified foods, indicating that the intervention successfully led to behaviour change.

These findings suggest that the Adventist lifestyle, characterized by the widespread
consumption of a plant-based diet, regular fasting, abstention from harmful substances such
as alcohol and tobacco, maintenance of a healthy bodyweight, and the use of stress
management practices such as Bible reading, prayer and singing and the strong social support
structure may offer protection against COVID-19 infection. In conclusion, the studies
described within this thesis have provided important answers for the association between
COVID-19 incidence and Adventist dietary practices and may have implications for health

promotion for Adventists living in the UK and worldwide.
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1  Chapter 1. Introduction

1.1 THE INFLUENCE OF RELIGION ON HEALTH: A HISTORIC OVERVIEW

The Handbook of Religion and Health defines religion as a set of beliefs and practices which
aim to help one get closer to the transcendent and to get a better understanding of the
responsibilities required to live together in a community (Koenig, 2012). Historically,
religion has been very closely related to human health. Religious beliefs frequently serve as
influences that shape nearly every area of a believer’s life such as their ultimate life purpose,
dietary choices, the clothing they wear, daily routines, career paths, marital choices and
practices, and the way children are raised (Barmania and Reiss, 2018). It is therefore not a
surprise that religion has been closely interconnected with health.

Religious leaders throughout history have often been the source of health advice, and the first
hospitals in the western world were established by religiously motivated Christian
organisations (Koenig, 2012). Most religions have specific teachings and instructions about
how followers should live, which includes dietary guidelines and hygiene practices. In
ancient Egypt, health was often believed to be influenced by supernatural forces, requiring
prayers, incantations, as well as practical treatments. The earliest known religious document
that addresses health and survives to this day is the Ebers Papyrus, which is an ancient
Egyptian medical text dating to around 1550 BC (Tikkanen, 2018). The text contains various
remedies for ailments, such as crocodile bites, many of which invoke deities or incorporate
spiritual rituals showing how interconnected religion and health was for the ancient
Egyptians.

In the ancient Mesopotamian culture, religious leaders had a central role in the diagnosis and

treatment of diseases, which were often believed to be manifestations of divine displeasure or
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demonic possession. This civilization’s ancient text, which is still extant today, is called The
Diagnostic Handbook (Stol, 1993) dating to 1060 BC, which contains an extensive list of
disease symptoms, advanced systems for diagnosis and potential treatment recommendations
including rituals, prayers, and practical remedies.

Hinduism’s system of medicine is called Ayurveda, which has its roots in the Vedic
scriptures, and has an emphasis on the balance between the body, mind, and spirit (Wujastyk,
2003). Hindu healers, also referred to as vaidya, were not only physicians but also spiritual
guides, showing the deep interconnection between religion and health in Hinduism.
Traditional Chinese Medicine (TCM), influenced by Confucianism, Taoism, and Buddhism,
incorporates acupuncture, qi flow, herbal medicine, dietary therapy, and herbal medicine with
the aim of balancing the body’s vital force, known as “qi” (Matos et al., 2021).

Islam is another one of the world’s major religions that has certain teachings centred around
health. Although the Islamic holy book, called the Koran, does not have a great deal of
health-related information, it has some dietary restrictions, which will be discussed in more
detail in the next section, however the Islamic and the Arab world played a key role in the
shaping of modern medicine and pharmacy (Pan et al., 2014). According to Pan et al. (2014)
Arab herbal medicine built upon Hippocratic-Greek medical knowledge and expanded on it
such that European pharmacopoeia relied heavily on Muslim writings until the late 19th
century. Islam’s last prophet is recorded to have spoken on topics relating to hygiene,
moderation, diet, and even human anatomy. Based on the example of the prophet of Islam,
Muslims are encouraged to practise qailulah, which is the Islamic term for midday napping as

a religious practice which is believed to have positive health effects (Tumiran et al., 2018).

The New Testament, which forms the basis of the Christian religion contains the following

admonition in the third letter of John:
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“Beloved, I pray that you may prosper in all things and be in health, just as your soul
prospers.”. This shows that being in good health for the apostle was as much desirable as
spiritual wellbeing since the verse creates a parallel between physical health and spiritual
well-being and suggests that true prosperity is not just spiritual, but it includes being healthy.
Ferngren (2009) suggests that illness was allowed to be viewed in early Christianity as both
resulting from natural as well as from supernatural causes such as demonic possessions. The
greatest testament to the importance of health within Christianity is the healing ministry of
Christ as discussed in the Gospels (Reno, 2019). The Biblical stories from the New
Testament about the life of Jesus highlight the Christian perspective that health cannot be
separated from spiritual wellbeing (Reno, 2019). Related to this is the sacred calling to
caregiving (Matthew 25:36) which is based upon Christ’s compassion and love. This
emphasis on the importance of community care has served as a foundational principle in the
early church for the congregation-centred systematic approach to caring for the sick
(Ferngren, 2009). The legalisation of Christianity within the Roman Empire after A.D. 313
led to the establishment of hospitals, which made them a uniquely Christian organisation
(Ferngren, 2009). In the ancient world, no such institutions existed before Christianity that
fulfilled the role of caring for the sick in the same way as the Christian hospitals did by the
end of the fourth century A.D. The first hospital was founded in A.D. 372 by Basil the Great,
a bishop in Turkey, offering both medical care and spiritual support which reflects the
holistic approach to health within Christianity. His institution was made up of a number of
separate buildings and became known as the New Town due to its size (Esolen, 2022). Soon
after, in A.D. 390, Fabiola, who was a wealthy convert to Christianity, established a hospital
in Rome and dedicated her life to charitable work among the city’s poor and sick as
documented by St. Jerome (Porter, 1999). It is estimated that by the 13th century, there were

more than 20 Byzantine hospitals, which had physicians on-site working in them (Horden,
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2006). Furthermore, during the Middle Ages, religious orders were established such as the
Knights Hospitallers of Saint John who had the special mission of caring for the sick (Esolen,
2022). Later, these hospitals established during the Middle Ages in Europe served as models,
which were exported by Christian missionaries to other parts of the world from the sixteenth
century (Riva and Cesana, 2013).

Given the profound influence religion has historically had on health, dietary practices stand
out as a particularly impactful area of lifestyle, which can influence health, therefore the
following section explores how dietary rules and guidance across major world religions
reflects this tight connection.

1.2 DIET AND WORLD RELIGIONS

The evidence is clear that religion and health have been closely related throughout human
history. Many of these religions have a strong emphasis on diet and have various
prescriptions for their followers to adhere to. All five of the world’s major religions, which
are Buddhism, Hinduism, Islam, Judaism, and Christianity, have teachings related to diet and
health. For instance, vegetarianism is one of the most prominent features of Hindu dietary
practices, especially within its sister community Jainism (Melton, 2011). According to the
principle of ahimsa, killing animals for food is discouraged as it involves harm to living
beings (Lodrick, 1981). Furthermore, vegetarianism is also closely linked to the concept of
sattva, which is one of the qualities or modes of nature that influence all human behaviour,
including health as described in Hindu philosophy. A sattvic diet includes the consumption of
fresh fruits, vegetables, nuts, grains, and dairy, and is thought to promote mental clarity and
physical well-being among other things (Chapple, 1993). On the other hand, foods
categorized as rajas are believed to be stimulating, and this includes spicy or excessively salty
foods, whilst tamasic foods are thought to be “heavy” and are often avoided. Another aspect

of the Hindu religion, which is related to diet, is fasting. Fasting is often observed as an act of
15



devotion and a means of purification. Fasts are associated with deities and festivals and are
seen as opportunities for self-discipline and spiritual reflection (Melton, 2011). Fasting is also
a fundamental tenant in the religion of Islam as it constitutes one of the so-called Five Pillars
of the faith (Melton, 2011). Ramadan is a month based on the Islamic calendar, during which
healthy Muslims are required to fast between sunrise and sunset and are only permitted to eat
food and drink fluids between sunset and sunrise (Jahrami et al., 2020). Halal is a religious
term in Islam, and it refers to what is permissible according to Islamic law (Samori et al.,
2014). Although the concept of halal extends beyond food and beverages, it is most
commonly associated with dietary regulations. In the context of foods and beverages,
substances deemed harmful or impure (haram), such as alcohol or pork are prohibited to be
consumed. This prohibition on pork consumption is also present in pre-Islamic religions such
as Judaism and even in ancient Egypt, where pig was believed to be an abomination to the
gods (Pritchard, 1969). Furthermore, vegetarianism and fasting are also commonly practiced
in Buddhism (Waibel, 2019). While dietary practices are integral to many religions globally
as shown so far, Biblical religions like Judaism and Christianity are the closest in connection
to Seventh-day Adventism, therefore understanding the dietary practices and principles of
Judaism and various Christian denominations is essential for contextualizing the dietary

practices of Adventists.

1.3 DIETARY PRACTICES IN BIBLICAL RELIGIONS

Judaism has a comparable concept to halal in Islam, known as kosher, which refers to foods
fit for consumption according to Biblical dietary laws, which are outlined in the Biblical
books of Leviticus and Deuteronomy (Waibel, 2019). On the other hand, there are significant
differences between the dietary laws in Judaism and Islam. In Islam, the dietary laws focus

primarily on the prohibition of pork and the requirement of halal slaughter for other animals,
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whilst Judaism provides a more detailed categorization of animals, dividing them into "clean"
and "unclean" categories. For land animals to be considered kosher, they must have cloven
hooves and chew their cud according to the book of Leviticus; therefore, pigs are prohibited
because, although they have cloven hooves, they do not chew their cud. Similarly, animals
that live in water must have fins and scales to be deemed kosher, making shellfish and other
seafood like shrimp and lobster unclean and, therefore, unfit for consumption. Some modern-
day religious leaders within Judaism believe that the prohibition of animals in the book of
Leviticus stem from a realisation that the consumption of the flesh of these animals has the
potential to transmit diseases, however, others argue that the concept of Kosher foods was
solely based on religious principles concerning pollution and purification (Porter, 1999). It is
also worth noting that the dietary laws concerning clean and unclean animals contained in the
book of Leviticus are unique in ancient literature (Moskala, 2011). Whether intentional or
not, some of the cleanliness rituals of Judaism indirectly promoted public health. These
include the mandate that wells were not to be dug near burial or waste sites, or that water
should be boiled before consumption, and waste must be burned or buried outside of the
camp (Porter, 1999).

Another key distinction is that alcohol is allowed to be consumed in Judaism, whilst it’s
forbidden in Islam (Waibel, 2019).

Christianity does not have as many dietary restrictions, in general, as Judaism, however, this
may vary between denominations (Chouraqui et al., 2021). The Catholic and Orthodox
Churches share some common traditions of dietary practices including fasting, but these are
mainly driven by religious custom rather than health reasons. Both traditions observe fast
days and restrict certain meats on holy days. In Catholicism, Fridays are traditionally meat-
free days, especially during Lent, which is a 40-day period of penitential preparation leading

up to Easter. Additionally, Catholics observe Ash Wednesday and Good Friday as days of
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fasting and abstinence. Similarly, the Orthodox Church emphasizes fasting periods, such as
Great Lent, the Nativity Fast, and the Dormition Fast, where restrictions extend beyond meat
to include dairy, eggs, and even oil and wine. These practices are deeply rooted in the
religious beliefs about self-denial, reflection, and preparation, rather than being motivated by
potential health benefits (Waibel et al., 2019). On the other hand, Protestant Christianity in
general, does not have a similar emphasis on fasting or abstinence from foods as do
Catholicism and Orthodoxy (Waibel et al., 2019). Mormons discourage the consumption of
alcohol and routinely practise fasting, while Jehovah's Witnesses forbid the consumption of
blood, however none of the denominations have a more comprehensive approach to diet and
lifestyle than the Seventh-day Adventists, also referred to as Adventists (Chouraqui et al.,
2021). While Judaism has a comprehensive set of dietary practices rooted in the Bible, this is
mostly absent in Christianity, however Adventism has uniquely adapted and expanded these
Biblical health principles. Therefore, the following section explores the distinctive dietary
practices of Adventists and highlights the specific differences that make them unique,

especially among the Biblical religions.

1.4 THE ADVENTIST LIFESTYLE AND DIETARY PRACTICES

Seventh-day Adventists are Protestant Christians who are known for their observance of a
weekly Sabbath day of rest and emphasis on the Second Coming of Jesus Christ. The church
was established in the 1800s in the United States and has now a total worldwide membership
of around 20 million individuals. Church membership in the United Kingdom (UK) has been
reported to be just over 34,000 (Adventist.uk, 2024). The health effects of the Adventist
lifestyle will be introduced in greater detail in chapters 2 and 3 of this thesis, but briefly,

Adventists are encouraged to eat a diet which is low in animal products, and is rich in fruits,
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vegetables, wholegrains, pulses, nuts and seeds, which is in strong agreement with
international dietary guidelines such as those published by the World Health Organization
(2020). The Adventist diet is guided by biblical principles and the writings of Ellen White,
who was one of the founders of the church. The church advocates for a plant-based diet,
which reflects a belief in the Biblical teaching that the body is a temple of the Holy Spirit and
should be cared for accordingly. Biblical texts which suggest that our “...bodies are temples
of the Holy Spirit. Therefore, honour God with your bodies.” are central to the Adventist
understanding of a healthy lifestyle. Ellen G. White claimed to have received divine
revelations and wrote extensively on topics relating to theology, history, health and nutrition.
Her writings further elaborate on the Bible and her book “The Ministry of Healing” published
in 1905 appeals to Adventists to “return” to a plant-based diet. The reason given in the book
for this dietary approach is that the diet, which was the original diet given to humanity by
God after creation, was a plant-exclusive diet in the biblical story. Therefore, it is generally
believed by Adventists that a diet which excludes animal products is the healthiest way to eat
because humans were designed to eat such a diet.

However, the writings of Ellen G. White provide a second reason for the avoidance of meat
consumption, which is that “disease in animals is so rapidly increasing” (White, 1905). This
assertion directly connects with the central theme of this thesis, because it suggests that diet
in Adventism is not only believed to impact chronic disease risk, but it may also influence

infectious disease risk, which is not a commonly held perspective in science.

It is, therefore, not a surprise that studies have shown that the diet of Adventists usually
contains high amounts of vegetables, and fruits as well as nuts, and whole grains, and low
amounts of fats and processed foods (Segovia-Siapco and Sabaté, 2018). The denomination's

health principles also encourage that foods are consumed in their most natural and minimally
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processed form, which may be one of the reasons the Adventist lifestyle has been shown in
scientific studies to have several health benefits, which will be discussed in more detail in the
next chapter.

In addition to their vegetarian diet, Adventists are encouraged to avoid stimulants, including
caffeine, and to completely abstain from alcohol and tobacco. The church's health message
promotes moderation and self-control in all areas of life, which includes avoiding foods that
are overly processed, high in fat and added sugars.

Fasting is another practice that is encouraged by the church, similar to other religions,
however Adventist fasting practices are closely linked to improving health, whereas fasts in
other religions are more often motivated by religious or spiritual reasons.

The Adventist focus on a mostly plant-based diet, nutrient-dense foods, and lifestyle habits
underscores their holistic approach to health. Similar to Jewish kosher laws, Adventists avoid
consuming the so-called “unclean” meats such as pork and shellfish, based on the scriptural
instructions. While most Christian denominations do not adhere to specific dietary
restrictions, since they hold the view that the Old Testament dietary laws were intended only
for ancient Israel, Seventh-day Adventists believe that the distinction between clean and
unclean meats predates the time of Moses, dating back to the time of Noah. This is the
position held by the Adventist Theological Seminary, who suggest that the dietary laws
contained in the book of Leviticus should be interpreted in the earlier context of the book of
Genesis, where God is recorded to have informed Noah of what animals were clean and
unclean, although an actual list of animals, similar to that contained in the book of Leviticus
is not mentioned (Moskala, 2011). Moskala (2011) further clarifies that Adventists do not
believe that keeping the dietary laws found in Leviticus earns one’s salvation, rather, they
reflect what is suitable and beneficial for human consumption and health since they were

directly given by God. Therefore, Adventists interpret these dietary guidelines as timeless
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principles intended to promote health and well-being, rather than arbitrary law or mandates.
Ellen G. White’s book, called The Ministry of Healing (1905), further reinforces and
develops this concept and argues that abstaining from animal products promotes better health
and reduces the risk of diseases.

It is important to mention that the Adventist lifestyle extends beyond diet. Adventists adhere
to 8 health “laws”, which they believe are vital for good health. These health principles
include a healthy diet, the observance of the Sabbath as a day of rest, the importance of clean
air, physical exercise, the healing properties of sunlight and the consumption of water as
one’s main fluid source, and the importance of faith in God and temperance in all things
(Kaiser, 2019).

This unique combination of dietary and non-dietary lifestyle components practised widely by
Adventists, sets them apart from other Christian and non-Christian religious practices, which
provides a valuable framework to explore the broader relationship between religious practices
and health outcomes, especially in the context of infectious diseases.

The Adventist dietary and lifestyle practices are not just about personal health but serve as a
means of helping the broader community and are considered as a tool for evangelism. The
church has always been involved in health promotion efforts, which is evident by the fact that
it has established numerous hospitals, clinics, and educational institutions worldwide for the
purpose of disease prevention and treatment. All these places, as well as the actual church
buildings, are utilised for health promotion, which is defined as the act of enabling
individuals to improve their health, with one of its four core tenets being lifestyle (Phillips,
2019).

Adventists researchers and participants have contributed in a significant way to research on
plant-based diets, with the Adventist Health Studies serving as the best examples. These

studies will be described in more detail in the next chapter, but they are comprehensive

21



investigations into the health effects of vegetarian and vegan diets and have reported lower
rates of chronic diseases present among the Adventist cohorts which can be attributed to
Adventists’ dietary habits and overall lifestyle (Orlich and Fraser, 2014). In addition, a major
advantage to studying the influence of diet on the risk of diseases is that the lifestyle of
Adventists is fairly similar regardless of whether they consume some animal products or not,
which greatly reduces confounding factors that can directly influence health such as smoking,
consuming alcohol or having a higher BMI (Fraser, 1999). Furthermore, the Adventist church
is a global community of believers, which means that there is great variance between
members in socioeconomic status as well as in other social and environmental factors such as
access to healthcare, place of birth, the type of job they do and how they live their lives,
which are known as the social determinants of health (WHO, 2019). These social
determinants of health do not directly have an impact on our biology and health but can have
indirect effects. Despite these differences in social and environmental factors that can
influence health, Adventists share a common lifestyle, which is centred around health-
promoting behaviours, including dietary practices, which makes them an ideal population to

study in the context of health research.

In summary, Adventist dietary practices are somewhat similar to the dietary practices of
Muslims in that they do not consume alcohol and pork, however Adventists are encouraged
to be vegetarians, and are discouraged to consume coffee. Additionally, Adventists keep a
regular day of rest on Saturdays, which are not a lifestyle practice within Islam. Furthermore,
Adventists share the concept of the Sabbath day of rest and clean and unclean meats with
Judaism, however Adventism has a strong emphasis on vegetarian diets and discourages the
consumption of alcohol, unlike Judaism. Since most of the other Christian denominations do

not have these extensive dietary and lifestyle restrictions, the lifestyle of Adventists is not
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only unique among the Abrahamic religions, but also within Christianity, which provides a
key foundation for investigating the dietary and lifestyle practices of Adventists in relation to
COVID-19 disease.

Before focusing on the connection between COVID-19 disease and the Adventist lifestyle,
the next section provides essential background information on how religion in a broader
context has been shown to impact health outcomes and public health activities in the context

of both chronic and infectious diseases.

1.5 THE IMPACT OF RELIGION ON HEALTH

Ichiro Kawachi (2019) suggests that the way religion influences health is multifaceted, yet it
is a significant social determinant of health. There is evidence to suggest that being religious,
regularly praying, and attending regular church services, is associated with various health
benefits, such as improved mental well-being, reduced stress, and other more favourable
health outcomes. For instance, Ironson et al. (2006) showed that being religious after a HIV
diagnosis was associated with a significantly slower disease progression rate over 4 years of
follow up, which persisted even after statistical adjustment for important covariates. A meta-
analysis of 29 intervention studies showed that interventions which incorporated religious
practices were generally effective in the treatment of depression and anxiety in young people
(Aggarwal et al., 2023). In fact, a meta-analysis of 42 study samples, involving almost
130,000 participants showed that people who were involved with religious activities were
29% more likely to survive to follow-up, and this result was statistically significant
(OR=1.29; 95%, CI 1.20-1.39), suggesting a significant mortality benefit to being religiously
involved (McCullough et al., 2000). These findings agree with the results published by
Ahrenfeldt et al. (2023) who showed among almost 3000 Danish adults that religious

attendance was associated with a significantly lower mortality over a 3-year period (HR 0.70;
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95% CI 0.50-0.99). However, the mechanisms that explain the mortality benefit of religious
practice are less clear, therefore this relationship was investigated by Kim and VanderWeele
(2018), who showed that attending religious services has positive effects on psychological
well-being, social connections, and health behaviours, thereby improving life satisfaction,
which has been shown as a significant mediator to the observed reduced mortality risk.
Moreover, the authors showed that religious service attendance reduced hopelessness and
anger, which were found to be major mediating factors as well. In addition, mediation effects
were identified through contact with friends, which relates to the social support and
community engagement that religious services provide, but exercise and reduced alcohol
intake were also significant mediators to the lower mortality risk. Although, it’s worth
mentioning that the study relied on self-reported data on religious practices, which may have
introduced bias relating to measurement error and overreporting. The association between the
positive impact of religion on life satisfaction has been confirmed by other studies such as
Chen and VanderWeele (2018) who showed that involvement in religious practices such as
prayer and religious worship attendance from childhood were associated with greater life
satisfaction. Religious upbringing also influenced other lifestyle factors and resulted in a
lower likelihood of drug use, fewer sexual partners, and a higher age at first sexual encounter.
On the other hand, questions remain regarding the generalizability and applicability of the
positive effects of religion to non-religious people (Kawachi, 2019). This is an area, where
researching the Adventist lifestyle could prove to be especially useful as it contains lifestyle
practices that can be practised in a non-religious context.

Hemmati et al. (2018) investigated the relationship between religion and spirituality and
coronary heart disease (CHD) risk. The study showed that higher religious service attendance
was linked to progressively lower CHD risk, with odds ratios of 0.77 (CI 95% 0.65-0.91) and

0.27 (C195% 0.11-0.65) for once a month and five times a month attendance respectively
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compared to non-attendance. The study also showed that, overall, religion and spirituality
were associated with a significantly lower CHD risk. Furthermore, being religious was
significantly associated with improvements in physical health following a cancer diagnosis as
reported by a meta-analysis published by Jim et al. in 2015. The mechanisms for these
potential benefits often include better social connections and psychological resilience,
however it may be that religion actually exerts a direct physiological effect. Shattuck and
Muehlenbein (2018) explored this potential mechanism by conducting a systematic review
which examined the relationship between religiosity/spirituality (R/S) and physiological
health markers. The results showed a significant association between R/S and improved
health markers such as blood pressure and c-reactive protein (CRP), which the authors
attributed to religion’s potential anti-stress effects. As mentioned previously, fasting is
commonly practised across a number of religions, and it’s worth noting that religious fasting
has been shown to be associated with positive effects on BMI, blood pressure, and total
cholesterol (Negin et al., 2024). For instance, Trepanowski and Bloomer (2010) showed that
religious fasts practiced by Greek Orthodox Christians are associated with improved body
weight and blood lipids. Similar results have been shown for Ramadan fasting. Jahrami et al.
(2020) conducted a systematic review on the effects of Ramadan fasting on body weight and
showed that based on the pooled results of 85 studies, Ramadan fasting was associated with a
small but statistically significant body weight lowering effect. The three primary types of
fasting that have been most frequently researched are caloric restriction (CR), alternate day
fasting (ADF), and dietary restriction (DR) with religious fasts usually falling into one of
these three categories (Trepanowski and Bloomer, 2010). It is believed that the beneficial
effects of fasting are exerted by reducing caloric intake, which has been associated with a
number of health benefits such as a lower risk of autoimmune disorders, arterial and heart

diseases, malignancies, metabolic disorders, kidney disease, and many chronic conditions
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(Trepanowski and Bloomer, 2010). In addition, fasting is one of the lifestyle factors that is
generalizable to non-religious groups, and several studies have investigated the health effects
of non-religious fasts (Venegas-Borsellino et al., 2018). Tinsley and La Bounty (2015)
showed that alternate day fasting in a non-religious context produces the same benefits on
body weight and cholesterol levels as in the religious context.

Jussawalla et al. (1985) examined the cancer incidence rate among Indian Christians living in
Greater Bombay and compared it to non-Christian controls. The only significant difference in
a site-specific cancer incidence rate among male Christians and non-Christians was a lower
incidence of cancer of the hypopharynx among Christians. Regarding females, Christians had
a significantly lower cervical and oesophageal cancer risk as compared with non-Christians.
The rest of the cancer types did not show any significant results; however, a major limitation
of this study was that it did not provide any information about the denominational affiliation
of the recruited Christians as there can be great variations in lifestyle practices and religious
practices among Christian denominations, which may influence cancer risk. More recently in
2008, Hoff et al. published a review on epidemiological studies investigating cancer risk in
religious cohorts. The authors identified 17 observational studies on the topic, most of which
were case-control or cross-sectional in design. Most included studies focused on Mormons
and Seventh-day Adventists, but some of the studies recruited other types of Protestants and
even Catholics. Most studies showed a protective effect of religion against cancer and the
authors concluded that association is best explained by the lifestyle hypothesis, which states
that being religious influences people’s lifestyles, which may lower the risk of cancer, but
being religious on its own is not sufficient. This becomes especially relevant as it pertains to
the Seventh-day Adventist Church as it has a comprehensive set of lifestyle behaviours,

which are unique to this group. However, since the central theme of this thesis is the
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influence of the Adventist dietary practices on COVID-19 outcomes, it is first essential to

establish what COVID-19 disease is.

1.6 THE EPIDEMIOLOGY OF COVID-19 DISEASE

COVID-19 infection is caused by the novel severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), with the first case being identified in December 2019 in Wuhan, China
(Umakanthan, 2020). A wide array of symptoms were associated with the infection ranging
from asymptomatic cases to severe pneumonia and death. Patients often developed acute
respiratory distress syndrome (ARDS) within 48 hours following hospital admission, which

in many cases resulted in the need for ventilatory support.

The virus primarily spread through respiratory droplets, aerosols, and via contact with
contaminated surfaces and was believed to have originated from a zoonotic source, although
its origin has been extensively debated in the scientific literature with a second hypothesis
suggesting that the naturally occurring virus was spread to humans from a laboratory source
(Alwine et al., 2023). Nevertheless, the zoonotic nature of this species of virus allows it to
pass between species and spread from animals to humans. The virus can gain cellular entry
by binding to the the angiotensin-converting enzyme 2 (ACE2) receptor on the host cells,

which then allows for viral replication within the host cells (Keni et al., 2020).

The WHO declared the COVID-19 outbreak a global pandemic in March of 2020 with the
first clinical symptoms described as fever, cough, and shortness of breath (WHO, 2020). By
May of 2020, over 3.5 million cases had been identified globally (Umakanthan, 2020). The
estimated mortality rate of COVID-19 was estimated to be around 2% in 2020 (Keni et al.
2020). One of gold standard methods of COVID-19 detection has been the Reverse-

Transcriptase polymerase chain reaction (RT-qPCR) test, which is able to detect viral DNA
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from human blood, saliva, urine, faecal and sputum samples (Dutta et al., 2022). However,
RT-PCR testing has some limitations such as the 4-to-6-hour requirement for completion as
well as its cost, other diagnostic tests for COVID-19 were developed. These methods are
enzyme-linked immunosorbent assays (ELISA), and rapid antigen and antibody tests using
lateral flow chromatographic immunoassay, which are cheaper and faster diagnostic

techniques than RT-PCR, albeit less sensitive and specific.

Several important risk factors have been identified that can increase the risk and severity of
COVID-19 infection such as a history of diabetes, cardiovascular disease and cancer
(Farshbafnadi et al., 2021). Connected to these chronic diseases is obesity, which has been
shown to increase the risk of all three conditions as well as the risk of COVID-19 disease
(Albashir, 2020). It is suggested that the mechanism of obesity increases the risk of COVID-
19 disease and severity by leading to chronic, low-grade inflammation, which leads to the
elevation of pro-inflammatory cytokines (Albashir, 2020). This is exacerbated by the further
overproduction of pro-inflammatory cytokines in a process known as the cytokine storm.
This results in lung damage and pneumonia, thereby intensifying disease severity
(Montazersaheb et al., 2022). Despite its potential complications, around 80% of infected
patients have been shown to be asymptomatic carriers (Keni et al., 2020), which made it
difficult to identify all patients with a potential to transmit the virus, especially in countries
where testing was not readily available. Additionally, age has also been a significant
determinant of COVID-19 disease as infection rates were highest among adults over the age

of 60 years (Keni et al., 2020).

The infection has also been associated with longer term symptoms called long-COVID,

which is believed to affect up to 63% of individuals with a history of SARS-CoV-2 infection,
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usually arising three months after the onset of initial symptoms, with a duration of at least 2

months (Lippi et al., 2023).

The public health interventions in the early phase of the pandemic focused on limiting
international travel and introduced social distancing guidelines in an attempt to reduce the
transmission rate of the virus (Tabari et al., 2020). Additionally, social gatherings were
limited or entirely banned in many countries and patients with COVID-19 symptoms and
those returning from international travel were required to self-isolate. Institutions such as
churches and schools were closed in most countries, and access to hospitals and elderly

homes were restricted.

Over time, the virus spread to various geographic areas and as it mutated, several variants
arose with varying levels of infectivity and resistance to medical treatment, among which the
Delta and Omicron variants became the most widely recognized (Bostanghadiri et al., 2023).
By early 2021, several vaccines had been developed and received emergency authorisation
against COVID-19, with the vaccines developed by Pfizer-BioNTech, Moderna and

AstraZeneca gaining the most public and media attention (Sibanda and Haryanto, 2024).

Since the risk and severity of COVID-19 infection is associated with lifestyle preventable
diseases such as obesity and type 2 diabetes, investigating the impact of the Adventist diet
and lifestyle on COVID-19 outcomes may provide insights into COVID-19 prevention and

treatment strategies.

1.7 THESIS OUTLINE

This chapter has presented an overview of the research context regarding health and religion.
Chapter 2 contains two literature reviews. The first is a systematic literature search of
COVID-19 outcomes among religious groups in Europe and the UK, while the second
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discusses the health impacts of the Adventist lifestyle. Important gaps in the literature were
identified during these literature reviews such as the overwhelming emphasis of Adventist
studies focusing on chronic diseases and an absence of studies published about Adventists
living in the UK. Furthermore, Chapter 2 highlights the importance of investigating the
nutrient intake of plant-based Adventists, given the potential nutrient deficiencies associated
with vegan and vegetarian diets. The gaps identified during this literature review justify the
overarching aim of this thesis, which was to investigate the Adventist diet’s influence on

COVID-19 outcomes, particularly in the UK context.

Chapter 3 presents the results of a systematic literature review, which specifically focused on
the risk of COVID-19 and other infectious diseases in Adventist cohorts as compared with
non-Adventists. It directly relates to the first objective of this thesis as it synthesised the
results of studies that investigated infectious disease risk among Adventist and non-Adventist
groups, and it also addresses the third thesis objective since it identified trends in lifestyle
factors such as dietary practices that may influence the risk of infectious diseases.
Additionally, this chapter further justifies the overarching aim of the thesis as no published
studies were identified from the UK following the comprehensive systematic literature
review, which provides a foundation for subsequent chapters, which assessed the diet and
lifestyle of UK Adventists and compared their risk of COVID-19, the most prevalent

infectious disease at the time, to non-Adventists in.

Chapter 4 is a longitudinal study with a 2-year follow-up, and it assessed the diet and lifestyle
of Adventists living in the UK and compared the self-reported COVID-19 infection incidence
rate to non-Adventists. This quantitative study has been published in the Journal of Religion

and Health (Janko et al. 2024) and it directly relates to the thesis’ main aim of investigating
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the impact of the dietary practices of Adventists on their COVID-19 risk as well as to the
second and third objectives. Furthermore, the study raised important questions concerning the
knowledge of Adventists regarding nutrient intake and dietary supplement use in the context
of plant-based diets and beliefs and motivations behind COVID-19 vaccination rates since

both of these factors can influence the risk of infectious diseases including COVID-19.

Based on these findings, Chapter 5 includes a systematic literature review of the essential
nutrient intake of plant-based Adventists with the purpose of identifying whether they are at
an increased risk of any type of nutritional deficiency. The results of this study concerning
vitamin B12 intake and status were meta-analysed and were subsequently published in the
Journal of American Health Promotion. By comparing the nutrient status and intake of plant-
based Adventists to omnivorous controls, the study evaluates potential nutritional
vulnerabilities that may influence infectious disease risk, connecting back to the thesis's

broader aim.

Moreover, Chapter 6 describes an educational intervention study, which was undertaken to
assess the nutritional and supplement knowledge of vegan and vegetarian Adventists living in
the UK both in relation to general and COVID-19 specific knowledge. The study also
evaluated the effectiveness of an online educational intervention designed for improving
dietary knowledge and behaviours, with insightful implications for church-based health

promotion strategies concerning infectious disease prevention.

Chapter 7 integrates findings from all studies to provide a comprehensive answer to the
overarching aim, which was to understand the relationship between the dietary practices of

Adventists in the context of their lifestyle and the risk of COVID-19 infection. The chapter
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concludes with a discussion of the broader implications for church-based health promotion,
and future research, with a particular focus on improving the nutritional status and health

outcomes of UK Adventists.

1.8 THEORETICAL FRAMEWORK

This thesis utilised the Health Belief Model of behaviour change (HBM) as its theoretical
framework as it was deemed to be particularly relevant for the Adventist population. The
model was developed by the Public Health Service of the United States over 70 years ago and
it relies on following six theoretical constructs to explain behaviour change: perceptions of
susceptibility, severity, and advantages of an intervention as well as the perceived barriers,
motivational signals and self-efficacy (Alyafei and Easton-Carr, 2024). The model’s
effectiveness to predict behaviours has been shown by a meta-analysis of 18 studies
(Carpenter, 2010). In fact, an earlier meta-analysis by Harrison et al. (1992) showed that 22
out of the 24 effect sizes derived from 16 different studies were statistically significantly
positive, which shows that the model could be used to facilitate informed decision-making,
although the authors also highlighted the limitations of the model's power to predict
behaviour change since analysing its constructs individually showed that each construct only
explained less than 10% of the variance in behaviour.

Nevertheless, the HBM’s focus on individual perceptions of health risks and benefits aligns
closely with the Adventist emphasis on health and dietary practices as a religious duty. The
dietary and lifestyle practices of Adventists such as abstinence from smoking and alcohol as
well as from certain meat products and the promotion of plant-based diets may be explained
by HBM’s concept of perceived severity, which would posit that Adventists avoid certain

foods and lifestyle practices because they are believed to harmful and cause disease. In

32



addition, the keeping of the Sabbath, consuming a vegan diet and other lifestyle aspects of
Adventism require self-efficacy, which is another key dimension of the HBM.

Also, the perception of the protective effects of plant-based dietary practices might also serve
as a potential barrier in adopting additional preventive behaviours, such as the use of dietary
supplements or vaccinations, which makes the HBM a particularly useful tool for
understanding Adventists’ attitudes towards these practices.

On the other hand, the HBM has been criticised mostly for its lack of consideration of social
and emotional factors that may influence behaviour change (Janz and Becker, 1984), which
are particularly relevant when investigating Adventists since they are known for their strong
social support structure (Kent et al., 2015), which can certainly impact behaviour change.
Furthermore, the HBM assumes that everyone makes rational decisions about their health by
carefully weighing the benefits and risks of certain behaviours, however decisions in the real-
world setting can be more complex since rational decisions are often superseded by
psychological or social factors (Alyafei and Easton-Carr, 2024).

In addition, Michie et al. (2011) highlighted that despite the widespread use of the HBM, it
does not address some important variables that can influence behaviour change such as
impulsivity, self-discipline, associate learning and emotional management. The authors
emphasized that interventions should be tailored to the specific behaviour targeted for
change, which in the case of the intervention study described in Chapter 6 of this thesis, was
dietary supplement use. The HBM was thought to be an appropriate model in this context,
since it was hypothesised that the reason some plant-based Adventists avoided supplement
use was due to a low perception of risk for nutrient deficiencies and an overestimated
perception of the adequacy of exclusively plant-based diets.

Furthermore, the HBM was used in a study published by Abood et al. (2003), which utilised a

nutritional educational intervention among university staff to encourage healthy behaviours
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that are associated with reduced cardiovascular and cancer risk. The results showed that the
intervention improved participants’ perceptions and knowledge about what contributes a
healthy diet, however the study has received criticism about the fact that the intervention only
focused on perceived benefits and barriers because of the HBM as the theoretical framework
and neglected important factors such as susceptibility to the investigated diseases as well as
their severity (Timlin et al., 2020). However, this systematic review by Timlin et al. (2020),
which investigated dietary interventions that used a theoretical model of behaviour change,
mentioned that two of the included studies utilized the HBM, both of which reported positive
findings, although the health action process approach (HAPA) model was more often used
(n=3). The HAPA and HBM frameworks are similar, in that they both emphasise risk
perception and self-efficacy, but the HAPA model places a greater emphasis on the
maintenance of behaviour change, whereas the HBM mostly focuses on providing an
explanation on why people tend to make behavioural changes. The HAPA model
incorporates action planning, self-monitoring and coping planning, which are especially
useful to support more extensive behaviour changes such as starting a new diet (Schwarzer,
1992).

However, this thesis did not include any intervention study, which required extensive
behaviour change impacting a person's entire lifestyle or diet. The educational intervention
study described in Chapter 6 only aimed to influence participants' perceptions and behaviour
towards dietary supplements and fortified foods, but it did not involve participants changing
their entire diet. In this context, the HBM has been shown to be effective. A study published
by Parwati et al. (2021) tested the efficacy of an intervention designed for improving
medication adherence among patients diagnosed with tuberculosis and showed that the

intervention, which was based upon the Health Belief Model, greatly improved medication
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adherence. The authors of the study attributed the success of the intervention to the HBM’s
focus on overcoming potential barriers to medication adherence.

Therefore, the use of the HBM as the theoretical framework was deemed appropriate for this
thesis since it can help explain why individuals, in this case Adventists living in the UK,
decide to adopt a healthier diet and lifestyle, and how the COVID-19 pandemic and its
perception impacted Adventists’ risk of COVID-19 and willingness to be vaccinated. Given
that the thesis included only a single interventional study, while the rest of the chapters
contained two systematic reviews and an observational study, the HBM was selected not
because of its accuracy to predict behaviour change, but due to its explanatory power, which
may help understand health related decision making by Adventists. It is hypothesized that
Adventists' dietary and lifestyle choices are shaped by their beliefs and perceptions about
health risks, making the HBM a suitable framework for understanding how these perceptions

influence their decisions in the context of the COVID-19 pandemic.

1.9 RESEARCHER POSITIONALITY

An important aspect to be considered with regard to the validity of this research is the
positionality of the researcher as it could be a source of bias, therefore I feel that it is
important to clearly define my positionality to help with defining the motivations and
boundaries of the research (Jafar, 2018). I think that my position as both an insider and an
outsider in this work presents a unique perspective since I have been a Seventh-day Adventist
for almost 15 years, however I am also a scientist and a nutrition professional. I have an in-
depth knowledge of the beliefs, lifestyle practices and communal aspects of Adventism,
which has allowed me to approach this research project with intimate knowledge. Following
my conversion to Adventism at the age of 17, I had first-hand experience of the emphasis the

Adventist church places on healthy lifestyle through the regular workshops and presentations
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I was immediately exposed to, which focused on health-related topics, as well as through
observing the lives and lifestyle practices of church members. This is where my interest in
science, and more specifically human nutrition, was sparked and it motivated me to pursue an
undergraduate degree in biomedical sciences, and subsequently a master’s degree in clinical

nutrition.

On the other hand, my academic background instilled in me a strong commitment towards
scientific methodology and evidence-based medicine. This is evident by the methodological
approaches I have applied and utilised in my research to mitigate any known sources of bias,
including researcher bias.

In my professional life working as a Medical Information Lead within the pharmaceutical
industry I have been involved with scientific communication, which has allowed me to
further develop my critical thinking skills. I have utilised these skills on social media
platforms to tackle nutrition related misinformation with over 30,000 followers. Therefore, I
do not feel conflicted investigating Seventh-day Adventists as an insider since I am also a

scientist and science communicator who always strives to remain objective.

In conclusion, the findings of my research have been anchored in robust scientific
methodologies and contribute valuable insights into the dietary and lifestyle practices of

Adventists living in the United Kingdom in the context of the COVID-19 pandemic.

1.10 CHAPTER SUMMARY
This chapter has established the close relationship between religion and health with a
historical overview of the connection between health and religion. Additionally, it has also

provided an introduction of the dietary and lifestyle practices of major world religions with
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the purpose of highlighting the distinctiveness of the Adventist lifestyle, particularly its
comprehensive approach to diet. Furthermore, the chapter has outlined the theoretical
framework which underpins this thesis.

Having established the historical relationship between religion and health in this chapter, the
next chapter narrows the focus to examine the influence of religious affiliation on COVID-19
outcomes. Subsequently, the second part of Chapter 2 shifts the focus to the Adventist
lifestyle and provides a comprehensive review of the existing literature on the Adventist
lifestyle and its documented broader health effects, which will be an extension of Chapter 1,
where the context was about the broader relationship between religion and health. All of this
provides essential context for assessing the Adventist dietary and lifestyle practices and their

potential relevance to COVID-19 in the latter chapters of this thesis.
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2 Chapter 2. Literature review

2.1 Part 1. The influence of religion on COVID-19 outcomes

2.1.1 The risk of COVID-19 infection among religious groups: A systematic literature search
Having established the interrelationship between health and religion in Chapter 1, the first
part of this chapter focuses on the broader influence of religious affiliation on COVID-19
related outcomes. Given that certain religious practices, as presented in Chapter 1, may
influence the risk of infectious diseases in both positive and negative ways, this systematic
literature search aimed to investigate the evidence concerning the association between
religion and COVID-19 infection. This broader analysis of the literature provides context and
helps to establish whether religious affiliation in a more general sense may influence
COVID-19 susceptibility. Following the systematic literature review, the second part of this
chapter narrows the focus to the evidence concerning the health effects of the Adventist diet
and lifestyle, which lays the foundation for subsequent chapters, which explored the direct

association between the Adventist diet and COVID-19 outcomes.

2.1.1.1 Methods of the systematic literature search

A systematic search of the published literature was conducted in PubMed, Google Scholar
and Scopus in order to identify studies that have investigated the risk of COVID-19 infection
among religious communities in the UK or Europe. This was done in order to analyse the
association between religion and COVID-19 disease and to establish how religion may
influence COVID-19 outcomes. Therefore, the aim of this review was to investigate the
influence of religion on COVID-19 risk and other outcomes such as symptom severity and
mortality, and to identify gaps in the literature with regard to COVID-19 outcomes among

Adventists in the UK context.

38



Initially, the scope of the review was limited to the UK, however due to the low number of
expected studies following a scope of the literature, the search was extended to studies
conducted in European countries due to the UK’s geographic proximity and similar religious
demographic and economic status as many European countries. In fact, up until the end of
January of 2020, the UK was a member of the European Union (EU) and had similar
approaches to COVID-19 testing and pandemic measures. For instance, European countries
like Austria and Germany cancelled elective and non-emergency medical services during the
first wave of the pandemic, which is similar to the UK’s initial response (Carroll et al., 2020).
Additionally, the UK utilised real-time PCR tests to identify infected people, which was later
supplemented with antigens tests, which is similar to what happened in several European

countries (Rajan et al., 2022).

The literature databases were searched using the following key words:

("COVID-19" OR "SARS-CoV-2" OR "coronavirus") AND ("Christian*" OR "Muslim*"
OR "Jew*" OR "Sikh*" OR "Hindu*" OR "religious affiliation" OR "faith group" OR
"religious minority") AND ("prevalence" OR "risk" OR "infection rate" OR "mortality")
AND ("United Kingdom" OR "UK" OR "England" OR "Scotland" OR "Wales" OR
"Northern Ireland" OR "Europe" OR "European Union" OR "EU" OR "France" OR
"Germany" OR "Italy" OR "Spain" OR "Netherlands" OR "Sweden" OR "Norway" OR

"Ireland")

Quantitative studies published in the English language were included if they reported
COVID-19 related outcome data among one or more religious groups. Eligible studies had to
be published between 2020 and 2024. Qualitative studies or studies that did not report results

relating to COVID-19 disease related outcomes among a religious cohort or community were
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excluded. Furthermore, since the purpose of this review was to investigate the potential
association between religion and COVID-19 outcomes, studies that only reported on
vaccination uptake or vaccine perceptions were generally excluded unless they also reported

data pertaining to COVID-19 risk or symptom severity.

2.1.1.2 Results of systematic literature search

The database searches yielded a total of 2310 results, which reduced to 299 after disregarding
animal research, in-vitro experiments, and studies conducted outside of the UK or Europe.
After removing duplicates, qualitative studies and studies which only reported on
vaccinations or drug therapies, 7 studies were deemed relevant for inclusion.

One of the included studies reported on the seroprevalence of COVID-19 infection (Gaskell
et al. (2021), whilst others focused on COVID-19 related mortality (Waqar et al. (2021),
Staetsky (2021), Staetsky (2024), Gaughan et al. (2021), and Larsen et al. (2023)), with one

of the included studies focusing on both of these outcomes (Laliotis and Minos (2021)).

2.1.1.2.1 COVID-19 outcomes in Jewish communities

Gaskell et al. (2021) conducted a cross-sectional study of the seroprevalence of the SARS-
CoV-2 virus among Orthodox Jews living in the UK. The total sample included 1759
participants. Among the 1242 participants, who provided a serum sample, the seroprevalence
of COVID-19 was over 64.3%, which the authors found concerningly high. For context, the
authors stated that the seroprevalence among the general population in London was only
10%.

The higher COVID-19 incidence among the Jewish community in the UK was further
confirmed by the Office for National Statistics (ONS) (Staetsky, 2021). The authors used

mortality data from the ONS from the first three months of the COVID-19 pandemic and
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showed that the Jewish community had a 121% increased COVID-19 specific mortality
compared to Christians. The authors argued that the higher mortality rate observed due to
COVID-19 infection could not solely be explained by the slightly higher age of the Jewish
community.

Staetsky (2024) investigated the global impact of the COVID-19 pandemic on Jewish
mortality and presented data specific to European countries, which justified its inclusion into
this systematic literature review. The results showed great variance in excess mortality during
the first wave of the COVID-19 pandemic between the different European countries.
Hungary and Scotland had the highest excess mortality rates with 52 and 51% respectively,
but Belgium, and England were also around 30%. In all of these countries the Jewish excess
mortality rates were higher than that observed among non-Jewish populations. On the other
hand, France, Denmark, Germany and the Netherlands had the lowest mortality statistics
among Jews, which were even lower than among the non-Jewish populations. The study
argues that the higher mortality observed among Jews in many countries could partly be
explained by their maintained social activities and larger families, where the elderly may

have been more exposed to the infection.

2.1.1.2.2 COVID-19 outcomes in Muslim communities

Moreover, Wagqar et al. (2021) investigated COVID-19 mortality in the context of Ramadan
fasting among Muslims living in the UK. The authors hypothesized that daytime water
restriction as practised during Ramadan could adversely impact COVID-19 risk, therefore
they analysed UK specific mortality data from 15 areas of the country with significant
Muslim populations and compared them to similar areas with lower proportion of Muslim
populations. The total analytic sample included 5 million people with Muslims making up 1.5

million of the sample. The results showed similar trends of declining mortality statistics in
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both Muslim and non-Muslim areas, therefore the authors concluded that no significant

associations were shown between Ramadan fasting and COVID-19 mortality.

2.1.1.2.3 COVID-19 outcomes in Christian communities

With regard to Christians, Gaughan et al. (2021) showed that among over 47 million residents
living in England and Wales, Christians had the lowest COVID-19 specific mortality before
and after the lockdowns as compared with other religious groups including Muslims, Jews,
Buddhist, Sikhs and Hindus. According to the results of this study, the highest risk observed
was among Jewish and Muslim males.

Only participants belonging to the non-religious group had a lower COVID-19 mortality rate
than Christians, however, after adjusting for social, demographic, and geographic factors, the
differences were no longer significant, which suggests that being Christian was not associated
with a higher mortality rate.

The findings related to the lower mortality data observed for Christians are further confirmed
by Larsen et al. (2023) who showed in a study involving data of 39 million UK residents, that
compared to Christians, Muslims and Sikhs had 51% and 64% higher COVID infection rates
respectively. However, none of these studies conducted in the UK included Adventists
specifically. Although, Hansen and Pickering (2024) also investigated religious affiliation in
the context of the COVID-19 pandemic, however their study focused on vaccine acceptance

instead of infection prevalence, therefore it was excluded from this systematic review.

Data concerning COVID-19 infection risk among religious groups in Europe is scarce. A
study conducted in Germany investigated the COVID-19 incidence and mortality rates as
well as all-cause mortality rates of predominantly Catholic and non-Catholic counties

(regions within the country) during the pandemic based on data derived from the Robert
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Koch Institute (Laliotis and Minos, 2021). Although COVID-19 infection rates were higher
during the first month of lockdowns among Catholic counties, possibly due to the stronger
family relations of Catholics, the difference disappeared after 30 days and the authors did not
report whether COVID-19 testing was similar among the Catholic and non-Catholic counties,
which could further inflate the results.

Staetsky (2024) is the only other study, which presented COVID-19 specific results in the
context of the Jewish communities living in Europe, which has already been discussed
previously in detail. No other studies have been identified, which investigated COVID-19
related outcomes in European countries among religious groups. This conclusion concerning
the lack of data from Europe on the influence of religion on COVID-19 outcomes is
confirmed by Sisti et al. (2023), who conducted a systematic literature search and narrative
review of the evidence on the role of religion in the context of the COVID-19 global
pandemic. This shows that despite the complex impact religion and religious practices can
have on health, the prevalence or incidence of COVID-19 infection among religious groups
living in Europe and the UK have not been investigated extensively.

Moreover, religion doesn’t only influence dietary practices, it can influence people’s beliefs,
views and perceptions, including those regarding infections and disease outbreaks. Therefore,
religion can influence both personal and public health outcomes, particularly in the context of

the COVID-19 pandemic.

2.1.2  The public health influence of religion during the COVID-19 pandemic

Religion doesn’t only impact individual health, but also public health. During the COVID-19
pandemic, there were several examples of religious leaders or groups disregarding the public
health guidelines, which amplified the spread of the virus and undermined public health

efforts (Sisti et al., 2023). In Punjab, India, over 40,000 individuals were quarantined
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following a COVID-19 outbreak, which was linked to a single Sikh priest, who had ignored
self-isolation guidance following international travel to Italy. The priest attended several
religious gatherings following his return to India such as the Hola Mohalla festival. Followers
of the religion were advised not to attend such gatherings, however, despite the public health
guidance, the festival still had over 100,000 daily visitors, which led to significant public
health concerns in the region. In addition, similar behaviours of disregard for COVID-19
related pandemic measures were observed among the Jewish religious community. Taragin-
Zeller et al. (2023) investigated how religious views among the Haredi ultra-Orthodox Jewish
communities influenced compliance with COVID-19 related public health guidance. The
Haredi community includes Hasidic, Lithuanian, and Sephardi Jews. The study showed that
Hasidic Jewish believers were the least compliant with public health guidelines. On the other
hand, Sephardic Jewish leaders were more likely to encourage believers to adhere to public
health guidelines, likely due to the government appointed Rabbinic positions they held. This
highlights the need for tailored public health messaging since there can be diversity of views
even within the same religious group. Since Adventists were shown to have lower
vaccination rates than the non-Adventists and had low belief in the COVID-19 vaccines in
the studies included in this thesis, Adventist religious and health leaders should aim to assist
government efforts in public health campaigns, which highlights the importance of building

partnerships between public health agencies and religious leaders.

Hajj and Umrah are two important religious pilgrimages in Islam, during which period
millions of Muslim tourists travel to Saudi Arabia to visit holy sites in Mecca and Medina.
Early on during the pandemic, these pilgrimages were identified as superspreader events
(Memish et al., 2020). By June of 2020, the Saudi government placed restrictions on these

pilgrimages, which were believed to have significantly contributed to the mitigation of

44



COVID-19 around the word (Ebrahim and Memish, 2020). The restrictions implemented by
the government of Saudi Arabia included only allowing 1000 visitors around holy sites, all of
whom were residents of Saudi Arabia and were followed up for 14 days with COVID-19
testing were important measures that advanced public health research at the time (Memish et
al., 2020). Since the government of Saudi Arabia is both a religious and political
establishment (The Embassy of The Kingdom of Saudi Arabia, 2023), their involvement
during the COVID-19 pandemic shows the importance of the intersection between religion
and health. It highlights how religious organisations can play an important role in shaping
health policies that respect both religious values and public health during a global pandemic.
Another potential positive effect of religion during the pandemic was on mental health. Chow
et al. (2021) investigated the effects of religious coping, which is a coping mechanism which
incorporates religious beliefs and practices to aid individuals deal with stress (Pargament et
al., 2011), on the mental health of healthcare workers, who were the most exposed to the
negative health effects of the virus as well as the public health measures that were established
to contain the virus. Healthcare workers experienced social isolation, difficult workplace
challenges, and the fear of transmitting the virus to colleagues or loved ones, which
contributed to the high prevalence of depression and anxiety among them during the
pandemic (Lai et al., 2020). However, the results of Chow et al. (2021) showed that positive
religious coping among healthcare workers was associated with a reduction in depression and
anxiety. These findings agree with previous research by Suresh et al. (2020) which showed
that positive religious coping reduced suicidal thoughts and behaviours among elderly people
living in the United States. Through a systematic literature review, Lee et al. (2021) identified
18 studies, in which religious gatherings and practices led to COVID-19 outbreaks and to the
spread of the disease as they disregarded compliance to public health messaging such as

social distancing guidelines. In addition, Lee et al. (2021) further argued that religious

45



worship places were often sources of pandemic related misinformation which resulted in a
lack of trust in health authorities among members of faith-based organisations and correlated
higher religiosity with higher scepticism regarding public health messages and a higher
likelihood of belief in COVID-19 conspiracies.

An important area of the COVID-19 related public health messaging, which was often
debated among religious communities was vaccinations. Konstantine et al. (2024)
investigated COVID-19 vaccine acceptance among countries categorised as either religious
(defined as having over 50% of the population follow a specific religion) or not. The study
showed that Catholic countries and non-religious countries showed higher vaccination rates,
whereas countries where the majority of the population were either Muslim or Eastern
Orthodox showed lower vaccination rates. This shows that some religious organisations such
as the Catholic church placed a greater emphasis on promoting vaccinations, which resulted
in higher vaccine acceptance rates among its adherents. On the other hand, the authors argued
that in countries with an Eastern Orthodox majority, the anti-western ideologies and the anti-
scientific misinformation disseminated by the Russian Federation are responsible for the
lower vaccination rates.

The study by Oduwole et al. (2021) serves as further evidence that religion does not
inherently lead to vaccine hesitancy as it showed among religious South African healthcare
workers that willingness to receive a COVID-19 vaccine was over 90%. Interesting to note
that the only religious group with a lower confidence in the COVID-19 vaccines was the
Seventh-day Adventists, with a confidence level of 66.7%, while intention to receive a
COVID-19 vaccine was even lower among the Adventists at 42.9%. Scepticisms regarding
COVID-19 vaccinations stemmed from concerns regarding the rapid development and
approval of the vaccines, the use of mRNA technology in the development of most of the

vaccines and concerns about potential adverse reactions, which many felt were validated by
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the British Medical Journal who published a report about alleged data integrity issues during
the Pfizer clinical trials (Thacker, 2021). The article highlighted concerns of poor practices in
data handling and oversight during the clinical trial, which were raised by a whistleblower
working for Ventavia, a clinical research company involved in the clinical trials of the Pfizer
COVID-19 vaccine. Perhaps most concerning of these were the reports about the alleged
improper handling of adverse event reports. While regulatory agencies maintained that the
vaccines were safe and effective following the report, such revelations certainly amplified
scepticism among religious groups, especially if they were already sceptical of the vaccines.
In addition, the pause of the Johnson & Johnson (J&J) COVID-19 vaccine due to rare side
effects, including thrombosis, raised even more concerns about COVID-19 vaccines, despite
the fact that public health professionals argued that the pause of the use of the vaccine
actually demonstrated the robustness of the vaccine safety monitoring system (Berg, 2021).
However, this pause likely impacted public perception, particularly among communities that
were already hesitant about vaccination. For religious groups, incidences like this may have
fuelled scepticism about vaccine safety and transparency. In fact, Salmon et al. (2022)
assessed awareness and perception of the J&J vaccine pause in an online survey involving
89,083 participants and showed that the individuals who were less willing to get vaccinated
due to the pause tended to be hesitant about all vaccines, not just the J&J vaccine. The
authors found that vaccine hesitancy among the unvaccinated respondents increased before

and during the pause but stabilized after.

2.2 Part 2. The influence of the Adventist diet and lifestyle on health

2.2.1 The Adventist lifestyle and chronic disease risk
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As shown in Chapter 1, Seventh-day Adventists are distinct from other Christian
denominations not only in their theological beliefs, but also in their health-conscious lifestyle.
Moreover, it was discussed in Chapter 1, that Adventists emphasize the integration of faith
and health in their official teachings and beliefs and hold the view that healthy living is a
moral responsibility. In fact, one of the twenty-eight fundamental beliefs of the church is that
a member has to accept upon baptism that they abstain from unclean meats, which are
specified in the books of Moses (General Conference of Seventh-day Adventists, 2020). This
distinct focus on diet and health has made Seventh-day Adventists a subject of interest in
scientific research in the past decades. This research has particularly focused on the
relationship between lifestyle choices and health outcomes. The Adventist emphasis on health
is reflected in several lifestyle practices that the church promotes such as regular physical
exercise, abstinence from tobacco and alcohol, a regular weekly rest day, and a strong sense

of community, as well as a mostly plant-based vegetarian diet.

One of the most prominent examples of the Adventist lifestyle and longevity is from the
community of Loma Linda, California, who have been identified as one of the world’s five
“blue zones”, which are regions around the world where residents live significantly longer
and healthier lives compared to global averages (Buettner and Skemp, 2016). The Adventist
residents of Loma Linda have a life expectancy that is estimated to be 10 years longer than
that of the general U.S. population. Furthermore, research conducted in this community has
revealed that residents are more likely to reach the age of 100 years and have lower rates of
chronic diseases such as heart disease, cancer, and diabetes. These findings have sparked
global interest in understanding the specific lifestyle practices and social factors that

contribute to these outcomes.
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However, there are several other research studies from different parts of the world that have
investigated the lifestyle and health of Seventh-day Adventists, even before Dan Buettner’s
work. Therefore, the aim of the second half of this chapter is to provide a chronological and
geographical review of key studies that have investigated the impact of the Seventh-day
Adventist lifestyle on chronic diseases. This chapter also highlights important gaps in the
research concerning Adventists and aims to establish the health promoting effect of the
Adventist lifestyle, thereby laying the groundwork for investigating its effects on COVID-19

outcomes in the next chapters.

2.2.1.1 The Americas

The earliest studies focusing on Seventh-day Adventists were carried out in the 1950s and
1960s and were mostly focused on assessing blood lipid levels and cancer rates.

Wynder et al. conducted a preliminary study to the large-scale Adventist Mortality study in
1959 and assessed the potential association between alcohol consumption and smoking and
cancer incidence. The results of the study showed that over 90% of Adventists who grew up
in the faith had never consumed alcohol or smoked cigarettes. Adventists were also more
likely to consume a vegetarian diet than non-Adventist controls, which confirm strong
adherence to the Adventist health principles. In terms of the findings relating to cancer
incidence, the study showed lower rates of lung related cancers, as well as cancer of the
mouth, larynx, and oesophagus. Bladder cancer among Adventist men and cervical cancer
among Adventist women were significantly lower than among non-Adventists. The
researchers inferred that the abstinence from tobacco and alcohol as a well-known aspect of

the Adventist doctrine is directly linked to the lower rates of cancers observed in the study.
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The Adventist Mortality Study, which began in 1958 at Loma Linda University, is recognized
as one of the more important prospective studies on Adventists. It included 22,940 Adventists
residing in California who were followed for 5-years, although there was a less structured 25-
year follow-up as well. The American Cancer Society (ACS) study began at the same time
and comparisons between the two cohorts were made in subsequent publications. For
example, Phillips et al. (1978) published a 6-year analysis of the Adventist Mortality Study
cohort which showed that compared to the general Californian population, coronary heart
disease (CHD) mortality rates among Adventists were 28% to 50% lower, depending on age.
The authors attributed the lower risk observed among Adventists to their lifestyle, which
excludes smoking, but they also found an association with diet such that fatal CHD risk was
three times higher among non-vegetarian Adventists compared to vegetarian Adventists.
Another study (Enstrom, 1979) revealed that the cancer rate among Adventists in this cohort
was 39% lower than among the white population within the US.

Phillips et al. (1980) compared the cancer incidence rates of Adventists from the Adventist
Mortality Study cohort with that observed in the ACS cohort and found that Adventists had
significantly lower risk of death from cancer. The researchers further add that the ACS cohort
was comparable to the Adventists in their educational and socioeconomic status. This was
also confirmed by the same researchers in a separate publication, where they compared the
two cohorts and confirmed that the educational status and socioeconomic status of
participants in both samples was higher than that of the general white US population,
although there were marked differences in smoking rates, meat consumption, and coffee

consumption, but it is also worth adding that Adventists exercised more (Philips et al., 1980).

Data published from the 21-year follow-up of the Adventist Mortality Study still showed a

lower mortality rate from bowel, breast and prostate cancer in favour of the Adventists
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(Phillips and Snowdon, 1983). The researchers also analysed dietary factors that might have
influenced bowel cancer risk and although meat consumption was not associated with
mortality from bowel cancer, coffee consumption was associated with an increase in risk.
Although a later analysis by Kahn et al. (1984) showed a negative association between all-
cause mortality and green salad consumption, egg and meat consumption showed positive
associations, meaning they increased risk. The study adjusted for important covariates
including age, gender, and smoking history, thereby improving the validity of the findings.
Furthermore, breast cancer survival rates were also examined in the Adventist Mortality
Study by Zollinger et al. in 1984. All patients were treated at two Adventist hospitals in
California and the analysis showed a higher 5-year survival than observed in non-Adventists,
although the association became insignificant following statistical adjustment for cancer stage
at diagnosis. The researchers concluded that the lower mortality rate following breast cancer
among Adventists is partly due to their earlier diagnosis and treatment, which they believe is
the result of the fact that Adventists in general are more exposed to health information and
may thus be more interested in health and could be more likely to seek medical advice or
treatment than non-Adventists. There is also the possibility, the authors argue, that the
Adventist women who took part in this study had better survival rates because they had
slower growing tumours, which made earlier detection possible. Epigenetic modifications
resulting from diet and lifestyle as well as genetic factors separately and in combination can
affect the growth rate of tumours (Barrero et al., 2022), therefore the lower mortality rate of
the Adventist women in this study may have been partially the result of their Adventist diet

and lifestyle.

Some of the other earlier publications involving Adventist cohorts also focused on blood

lipids. For instance, Walden et al. (1964) compared the blood cholesterol and triglyceride
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levels of Adventists to adults living in New York City and showed that Adventists had lower
concentrations of serum cholesterol and higher levels of triglycerides than non-Adventists.
The authors concluded that the increase in serum cholesterol among male Adventists occurs
10-15 years later than among the rest of the population.

West and Hayes (1968) also compared the serum cholesterol levels of Adventist vegetarians
and omnivores and showed that vegetarian Adventists had a lower cholesterol concentration

than omnivores, especially those who frequently consumed animal products.

The Adventist Health Study was initiated in 1976 (Beeson et al. 1989). The researchers
targeted the entire adult Adventist population in the state of California, and 34198 individuals
returned the baseline questionnaire. Fraser and Shavlik in 1997 published data about this
cohort concerning the risk of CHD and dying from all causes after 12 years of follow-up.
During this period 364 CHD cases and 1387 deaths occurred. CHD specific mortality was
16%, whilst all-cause mortality was 20% lower among subjects who exercised at least 3 times
a week compared to those who did not exercise regularly. Furthermore, consuming nuts five
times a week was associated with an almost 40% reduction in mortality, whilst the

consumption of beef was associated with a two-fold increase in CHD risk.

Finally, the largest cohort study of Adventists was the Adventist Health Study 2 (AHS-2)
which recruited over 96,000 Adventists (Herring et al., 2010). The researchers developed a
50-page questionnaire, which was self-administered by the participants. The study began data
collection in 2002. The main findings of the study were published by Orlich et al. in 2013, in
which the authors presented important results about the influence of diet on the risk of
mortality. The analysis included data of over 73,000 Adventists who were followed for an

average of 5.8 years. The main finding of the study was that vegetarian Adventists had a 12%
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reduced risk of death compared to non-vegetarian Adventists after adjustment for important
covariates. The authors presented subgroup analyses for all-cause mortality based on dietary
patterns, which revealed that pesco-vegetarians and vegans had the lowest mortality
compared to non-vegetarians, 15% and 19% respectively.

The vegetarians in the study didn’t just have a lower all-cause mortality, but they also had
lower cardiovascular, renal, and endocrine mortality rates. The overall mortality results were
compared in a subsequent publication by Fraser et al. (2019) to non-smokers from the
National Longitudinal Mortality Study (NLMS) and a sub-study of it, called the Surveillance,
Epidemiology, and End Results study. All-cause mortality and cancer mortality were both 22
and 36% lower in the AHS-2 cohort than in the non-Adventist studies. Cancer incidence was
also 30% lower among the Adventists. Notably, Black Adventists from the AHS-2 cohort
were shown to have lower mortality rates than non-Adventist white males, which is
noteworthy since ethnic disparities in mortality have been long known such that Black
populations have been shown to have an up to 19% higher mortality than White populations

(Dwyer-Lindgren et al., 2023).

In addition to mortality data, publications analysing the AHS-2 cohort have also focused on
chronic disease prevalence rates such as the study published by Tonstad et al. (2013). This
analysis included data from 31,387 participants and the results showed that compared to non-
vegetarians, diabetes incidence was the lowest in vegan participants (OR 0.381; 95% CI
0.236-0.617) suggesting an over 60% reduced risk, but lacto-ovo-vegetarians and semi-

vegetarians also had lower risks than regular meat eaters.

Studies conducted on Adventist populations in central or south America are limited in

number, however the study with possibly the largest sample size outside of North America

53



was conducted in Brazil by Oliveira et al. (2016). The study included over 14,000 Adventists
who were followed between 2003 and 2009. The researchers wanted to examine if the
mortality rate among Adventists was different from the mortality rate of the general
population in the same state. During the observational period, 896 deaths occurred, and it was
shown that all-cause mortality was 42.5% lower among Adventists than in the rest of the
population. Similar risk reductions were found for ischaemic heart disease mortality and

stroke mortality.

Brathwaite et al. in 2003 published the results of a study, which included data from 407
Adventists living in Barbados. The study showed that vegetarians were significantly leaner
than non-vegetarian Adventists. Diabetes and hypertension prevalence were also lower

among the vegetarian group, which were in agreement with the US Adventist studies.

Results from these previously cited studies have provided important insights into diet and
health related questions and have informed public health particularly regarding the benefits of
vegetarian diets, the importance of nuts in reducing heart disease risk, however the
generalizability of these studies to Adventists outside of North America may be limited.

For this reason, the next section will present important studies that recruited Adventists

outside of North America.

2.2.1.2 Europe

There are only a few cohort studies conducted in Europe that have included Seventh-day
Adventists participants, but they all focused on the prevalence and incidence of chronic
diseases as opposed to infectious diseases. A large register-based cohort study (Nanna et al.,

2015) which recruited over ten thousand Danish Seventh-day Adventists and Baptists and
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contained over 30 years’ worth of registry data showed that the incidence of cardiovascular
disease was significantly lower among both Adventists and Baptists than amongst the general
Danish population. Comparing disease incidence rates among the Adventists and Baptists, it
was revealed that both groups, including Adventists, had a lower incidence of cardiovascular

disease (CVD) than among the Danish population.

One of the earliest studies conducted in Europe was published by Berkel and de Waard in
1983 in the Netherlands. The researchers analysed the mortality pattern of Adventists
between 1968 and 1977 and showed that the mean age at death of Adventists was
significantly higher than the general Dutch population. The researcher attributed the lower
mortality and higher age at death observed amongst the Adventist to the abstinence from
smoking and alcohol, but they also noted that the health-conscious diet Adventists widely

follow may also confer additional benefits.

Fonnebeo (1994) investigated the various health aspects of being a Seventh-day Adventist in
Norway. The study showed that infants born to Seventh-day Adventist mothers had a birth
weight 99 g heavier on average (P < 0.001) compared to babies born of non-Adventist
mothers. Additionally, Seventh-day Adventists were also shown to have significantly lower
total cholesterol levels compared to matched controls, which were also clinically meaningful
(0.86 mmol/L lower for men and 0.48 mmol/L lower in women). Although the incidence rate
of cancer was not significantly different between Adventists and non-Adventists, the risk of
all-cause mortality was significantly lower among Adventist men. Another study from
Scandinavia was conducted in Denmark which followed 11,580 Adventist and Baptist
individuals to investigate whether the incidence of cancer was different among these groups

as compared to the rest of the Danish population (Thygesen et al., 2012). The study’s results
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showed that out of the three groups, Adventists had the lowest incidence of cancer, especially

those cancers which are related to smoking.

Furthermore, Korup et al. published the results of the Danish Cohort of Religious Societies in
2016, who were followed between 1977 and 2009. The article presented study results
concerning sexually transmitted diseases among Adventist and Baptist women. The results
showed a significantly lower incidence of sexually transmitted diseases among the two
religious groups, which included human papilloma virus infections as well. The authors
concluded by stating that the lower rates of sexually transmitted diseases serve as a potential
explanation for the lower incidence of cervical, rectal, anal and head and neck cancers

observed in religious populations such as the Adventists.

2.2.1.3 Asia and Australia

There are a few published studies involving Adventists from Asia and Oceania, the majority
of which have been conducted in Australia.

Lee and Kim (2019) conducted a cross-sectional survey of Korean Adventists and showed
that church members had low prevalence rates of chronic diseases and showed a high

engagement in healthy lifestyle behaviours.

As mentioned previously, there are a number of studies published in Australia. Craig et al.
(2017) recruited 1734 students and investigated whether religious affiliation was associated
with health status and student behaviour. Regarding diet, the researchers found that
Adventists consumed significantly less energy drinks, soft drinks and coffee, but consumed
more servings of vegetables and fruits than non-Adventists, and they also consumed less

alcohol and smoked less cigarettes. The use of illegal drugs was significantly lower among
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Adventist students with only 5.4% reported ever taking marijuana among the Adventist,

while this was 16.6% among the non-religious students (p<0.01).

An earlier study published by Hokin and Butler (1999) recruited 340 Adventist ministers for
the Adventist Ministers' Health Study and measured their serum vitamin B12 concentrations.
The study will be described in greater detail in Chapter 4, but briefly the study showed that
53% of participants had a serum B12 concentration below the reference range (171-850
pmol/L), which falls into the insufficiency classification criteria of the National Institutes of
Health, updated in 2017. An even earlier study conducted by Semmens et al. (1983)
investigated the potential association between sex hormones and variations in HDL
cholesterol levels in 70 Adventists and Mormons. There were no significant differences in the
measured variables among men, however Adventist women were shown to have lower
cholesterol levels and higher oestradiol levels. The researchers highlighted that both groups
were non-drinkers and non-smokers, which they believe helped isolate the influence of
hormones, in this case the higher oestrogen due to the vegetarian diet of Adventist women, on

HDL-C levels.

More recently, Berg et al. in 2020 investigated the impact of the consumption of plant-based
foods on bone mineral density in a Seventh-day Adventist hospital in Sydney, however it
could not be determined from the publication whether any or all patients recruited for the
study were church members. The results of the study suggested that an increase in the
consumption of plant foods was associated with improved bone mineral density markers, but
it is important to reemphasize that it cannot be determined if the participants were Adventists
or not. Finally, a study measured the DNA-damaging activity of ethanol-soluble faecal

extracts among various groups such as Adventists of European heritage, Maoris and Samoans
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(Ferguson et al., 1985). There were no detectable samples among the Seventh-day Adventists
included in this study, but the Polynesian groups also exhibited low levels. The authors
concluded that the diet of Adventists was responsible for the reduced concentrations of
ethanol-soluble mutagens, which serves as a potential explanation for their lower risk of

bowel cancer.

2.2.1.4 Africa

The quality and number of studies conducted in Africa are similar to those in Asia, which
means they are mostly surveys using a cross-sectional design. For instance, Famodu et al.
(1998) investigated the blood lipid level of 76 Nigerian Adventists based on their diet. Of the
total sample, 40 had an omnivorous diet, whilst 8 and 28 were vegetarians and semi-
vegetarians respectively. The average systolic blood pressure in all three diet groups was
around 110 mmHg, with no significant differences between any of the groups. These average
blood pressure values are especially of interest considering that the mean age of participants
was just under 50 years in all three groups. Vegetarians consumed lower amounts of dietary
cholesterol, saturated fat as well as protein compared to the other two groups; however, they
also consumed more fibre as the other groups. Regarding blood lipids, vegetarians had
significantly lower total cholesterol and triglyceride levels than omnivores. In terms of
anthropometric measures, the mean weight of vegetarians was significantly lower than that of
omnivores (75 kg vs. 79 kg, p < 0.05). These results are in agreement with the findings of
some of the studies previously cited from other geographical area, where Adventists were
shown to have low intakes or levels of cholesterol as well as saturated fats, therefore this
study adds to the understanding of how the Adventist lifestyle, particularly dietary habits,
impacts health outcomes and that its health benefits are reproducible even in the African

setting. Acheanpong et al. (2022) investigated the risk factors of depression and its
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prevalence among pregnant women who attended an antenatal clinic at an Adventist hospital
in the Bekwai Municipality in Ghana, however it could not be determined from the methods
section of the study, whether the participants recruited were Adventists themselves as it
cannot be assumed that all patients attending an Adventist hospital were in fact Adventists.
Similarly, Garrido et al. (2009) conducted a cross-sectional analysis in Botswana to
investigate the risk factors and frequency of obesity and metabolic syndrome among 150
workers in Kanya Adventist Hospital, however this article doesn’t report what percentage of
the sample were members of the Adventist church, therefore the relevance of this study to

Adventists cannot be determined.

2.2.2  The potential role of the Adventist diet and lifestyle in the context of COVID-19
immunity

2.2.2.1 The Adventist lifestyle and immune function

Adherence to the Adventist principles has clearly been shown to be an effective strategy to
prevent and even treat many of the chronic diseases that are prevalent around the world,
especially in western societies, however, little information is known about the potential
association between the Adventist lifestyle and the prevalence or incidence of infectious
diseases. The nutritional and non-nutritional lifestyle factors present in the Adventist lifestyle
have each been associated with better immune function. A healthy diet, and abstinence from
smoking and alcohol have all been associated with a lower risk of COVID-19 disease, and
these are also fundamental aspects of the Adventist lifestyle. For instance, Paleiron et al.
(2021) showed that smoking abstinence is associated with a lower COVID-19 risk in several
epidemiological studies. It is suggested that cigarette smoke exacerbates SARS-CoV-2
infection by impairing mucosal innate immunity, thereby increasing the risk and severity of

the disease. The authors also highlight that smoking is usually associated with various
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comorbid conditions, which further increases COVID-19 risk. In addition, a meta-analysis
published in 2013 by Wei et al. showed that alcohol consumption also significantly increased
the risk of COVID-19 infection and its complications. Importantly, the pooled results of
studies recruiting patients in Europe and America, showed significant associations between
alcohol consumption and an increased risk of COVID-19 complications such as admission to
an intensive care unit (ICU) and needing mechanical ventilation. Another foundational aspect
of the Adventist lifestyle is physical activity, which has also been shown to influence
COVID-19 risk. Bliss et al. (2022) showed that exercising cancer patients had a significantly
lower risk of COVID-19 infection than non-exercising patients. The beneficial effects of
exercise were later confirmed by a systematic review, which showed that regular exercise and
physical fitness not only showed protective effects against hospitalisation but also against
death from COVID-19 (Cardoso et al., 2023).

Moderation in eating and drinking is fundamental to the Adventist lifestyle. De Frel et al.
(2020) showed that overconsumption of calories and western diets with high amounts of
ultra-processed foods can increase systemic inflammation and suppress immune function.
Chronic inflammation doesn’t only increase susceptibility to infectious diseases, but it has
also been shown to reduce the effectiveness of vaccines (Furman et al., 2019), therefore a
healthy diet may indirectly improve infectious disease risk via lowering chronic
inflammation.

Furthermore, people who do not regularly exercise have also been shown to have an
increased risk of infectious diseases (da Luz Scheffer and Latini, 2020). Given that the
principles of the Adventist lifestyle have been shown to have an essential role in immune
function and in the prevention of infectious diseases (Smith and McClung, 2021), there is a
compelling rationale for investigating the potential association between the Adventist

lifestyle and the prevalence of infectious diseases, especially since infectious diseases remain
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a considerable public health challenge worldwide. Despite the major advancements in
medical science, lower respiratory tract infections ranked among the top 6 leading causes of
death in the UK based on the World Health Organization’s (2021) report. In this report,
COVID-19 infection specifically ranked as the second leading cause of mortality, measles as
the fifth, lower respiratory infections as sixth, and tuberculosis as tenth. These statistics
highlight the burden of these diseases and underscore the importance for further research into

the prevention of these diseases, including the potential role of lifestyle interventions.

2.2.2.2 Nutrient intake and immunity

In a survey, including over 63,000 Adventists across the globe, 19% reported consuming a
vegetarian or vegan diet (McBride et al., 2021) with over 80% of participants reporting
abstinence from alcohol and cigarettes, although there were large geographic differences in
the number of vegans and vegetarians such that over 50% of North Americans surveyed
reported to be vegan or vegetarian, whereas only 15.4% in Euro-Asia followed a type of
plant-based diet. The widespread popularity of plant-based diets among Adventists are further
confirmed by the Adventist Health Study 2, which showed that over 50% of the participants
followed some variation of the vegetarian diet (Orlich et al., 2013). Vegetarian dietary
patterns in the AHS-2 study were linked to a 22% lower risk of mortality compared to a non-
vegetarian dietary pattern, and vegetarian participants were shown to have lower rates of
smoking and alcohol consumption. However, the popularity of vegetarian and vegan diets
among Adventists may be a predisposing factor for nutritional deficiencies since some
nutrients which are typically found in animal products, are not as abundant or bioavailable in
vegetarian and vegan diets as they are in diets which contain meat and other animal products
(Melina et al., 2016). For instance, a recent systematic review has shown that vegans tended

to have the lowest intakes of essential nutrients such as vitamins B12 and D, iron, iodine, and
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calcium compared to meat eaters, although meat eaters were shown to have lower intakes of
folate, vitamin D and E, fibre, calcium, and magnesium (Neufingerl and Eilander, 2022),
however, these were not specific studies on Adventists.

Vitamin B12 intake is of special importance and its supplementation contributes to the
prevention of anaemia and neurocognitive disorders, particularly for those following a meat
free diet (Pawlak et al., 2013). People who have serum vitamin B12 levels below 133 pmol/L
are considered as vitamin B12 deficient (NICE 2, 2023). However, nutrient deficiencies do
not only influence the risk of chronic diseases, but they can significantly compromise the
immune system, and increase susceptibility to infectious diseases, including COVID-19
disease. For instance, vitamin A deficiency has been associated with a higher risk of measles
infection (Katona and Katona-Apte, 2008), while vitamin D deficiency has been also shown
to increase the risk of several infectious diseases such as tuberculosis (Martineau et al.,
2007), infectious mononucleosis (Maghzi et al., 2016), hepatitis (Hodges and Lamotte, 2022)
and even COVID-19 (Dror et al., 2022). In fact, a meta-analysis of 25 studies showed that the
use of vitamin D supplements significantly lowered the risk of acute respiratory tract
infections, especially among those participants whose blood vitamin D levels were below 25
nmol/l, which indicates severe deficiency (Martineau et al., 2019). Apart from vitamins A
and D, vitamin B12 deficiency is also associated with a higher risk and increased severity of
infections, probably due to its critical role in supporting various immune functions such as
the activity of phagocytes and production of interferons, which are signalling molecules
involved with the activation of immune cells (Batista et al., 2021). Additionally, severe
vitamin B12 deficiency causes elevated homocysteine levels, which is a marker of systemic
inflammation that can further weaken the body’s immune response and increase vulnerability
to infections (Li et al., 2015). Moreover, Erfani et al. (2023) showed that vitamin B12

supplementation can even be useful during active COVID-19 infection. In this study,
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hospitalised patients with COVID-19 infection were randomly assigned to vitamin B12
supplementation or placebo. The findings showed improvements in inflammatory markers
such as CRP and lower ICU admission risk due to vitamin B12 supplementation.

Vitamin E is another essential nutrient which has been shown to improve the function of the
immune system, reduce immunosenescence as well as reduce the risk of infections (Wu and
Meydani, 2014).

In addition to vitamin deficiencies, mineral deficiencies have also been shown to increase the
risk of infectious diseases. Zinc deficiency increases the risk of viral infections due to its key
role in the growth of immune cells and its antiviral activity (Iddir et al., 2020).

Since all of these nutrients are mostly found in animal-based foods, they can be difficult to
obtain in adequate amounts on plant-based diets without supplements or fortified foods. This
could potentially increase the risk of infectious diseases among plant-based eaters, therefore
investigating the risk of nutrient deficiencies among plant-based Adventists can provide
useful insights for church-based health promotion strategies aiming to focus on infectious
disease prevention.

Adventists are an aging population, and they have been shown to have a greater life
expectancy than the general US population (Berkel and de Waard, 1983), however this means
a large portion of them may be more susceptible to chronic and infectious diseases due to
their age. Evidence suggests that the elderly may be more prone to osteoporosis, therefore,
the adequate intake of vitamin D, protein and calcium are essential for proper bone health
(Weaver et al., 2016), even among omnivores, therefore those following vegetarian or vegan
diets must ensure they consume sufficient amounts of these nutrients as they may be at an
increased risk of osteoporosis (Hsu, 2020), however, these nutrients may have an influence
on immunity and immune function as well. Furthermore, Nieman et al. in 1989 investigated

the nutrient intake of elderly Adventist women following different dietary patterns. The
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participants were recruited from the Adventist Health Study and were grouped into vegetarian
and non-vegetarian groups. It was not possible to separately analyse vegan participants due to
their low number in the sample (n=4). The mean age of vegetarians (n=23) was 72.2, and the
mean age of non-vegetarians was 71.1 (n=14). The sample population’s age makes this an
important study, since older age may increase the risk of decreased nutritional status, mainly
due to a decrease in food intake (Drewnowski and Shultz, 2001), therefore this was an ideal
study population to investigate the effect of diets varying in animal food content on
participants’ nutritional status. The results of the study showed that vegetarians consume
significantly more calories (1452 kcal/day) than non-vegetarians (1363 kcal/day) and they
also consumed more carbohydrates, dietary fibre, as well as more magnesium, vitamin E,
vitamin A, thiamin, and pantothenic acid. On the other hand, vegetarian’s protein intake as a
percentage of daily calories (12.9%) was significantly less than that of non-vegetarians
(16.2%), but they also consumed less saturated fat, dietary cholesterol, and caffeine. The
lower reported intake of protein among vegetarians may be a cause for concern, however
12.9% is well above the lower threshold of 10% according to the acceptable macronutrient
distribution range (AMDR) (Baum et al., 2016). Bakaloudi et al. (2020) conducted a
systematic review to determine if nutrient intake on vegan diets can meet the WHO
guidelines for micro- and macronutrient intake recommendations. The systematic literature
review identified 48 observational studies, in which the primary focus was to compare the
adequacy of nutrient intake of vegan diets to other dietary patterns. Protein intake in the
included studies was lower for vegan diets as compared with all other diets. Vegan diets were
also associated with lower B2, B3 and B12 as well as vitamin D intakes. In addition, the
study found that iron status among long term vegans was lower than among non-vegans.
Evidence showed that calcium and vitamin B12 intake in most of the included studies were

below the recommended levels for vegans.
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2.2.2.3 Dietary supplement use among Adventists

Although Adventists place a large emphasis on diet, the use of dietary supplements among
them may be less common than one would expect, especially among those following plant-
based diets. For instance, Thorpe et al. (2021) showed that vegan women had a 55% greater
risk of hip fracture in their cohort. In subgroup analysis, however, it was revealed that only
those females who refrained from using vitamin D and calcium supplements showed an
increased risk of bone fractures, highlighting the importance of using certain dietary
supplements on a vegan or vegetarian diet. Examining the nutrient intake of vegans in the
Adventist Health Study 2 (AHS-2) cohort, they were shown to have higher intakes of vitamin
C, magnesium, fibre, folate, vitamin E, and B-carotene from dietary sources, as described in
the previous chapter, but the study also showed that strict vegetarians were the least likely to
use dietary supplements (Rizzo et al. 2013), which may be somewhat of a concern as
nutrients such as vitamin B12 aren’t available in wholefood sources on a vegan diet
(Niklewicz et al., 2022) but must be acquired through supplements or fortified foods. These
data raise questions about the nutrient knowledge and supplementation practices of vegan and

vegetarian Adventists since these may influence COVID-19 susceptibility.

2.2.2.4 The role of diet on vaccine efficacy

Public health policies related to infectious diseases mainly focus on vaccines and medical
interventions, and there is little or no emphasis on diet and lifestyle. For instance, the
infectious diseases strategy for Public Health England (2019) for the period of 2020-2025
does not include any information on the role of lifestyle and diet in the prevention or
treatment of infectious diseases. It is perhaps understandable that its top priority is the

provision of vaccines to reduce the prevalence of diseases that can be prevented by
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vaccination, however it is noteworthy that lifestyle behaviours did not get any mention in the
report. Similarly, the Nuffield Council on Bioethics (2007) only refers to vaccinations as a
preventative strategy against infectious diseases, which may suggest that lifestyle and dietary
practices have no role to play in the context of infectious diseases. It is not a surprise that
vaccines are at the centre of public health strategies against infectious diseases since they
have proved to be highly effective at preventing infections. A meta-analysis by Di Pietranton;
et al. (2020) showed that a single dose of a vaccine against measles reduced its prevalence by
95%. The same study also showed that vaccines against rubella and varicella were 89% and
95% effective respectively. Vaccination can be credited with the eradication and control of
several infectious diseases such as smallpox, polio, and measles (World Health Organization,
2020). On the other hand, some vaccines have a lower effectiveness such as the vaccines
against seasonal influenza, which has been shown to be 58% effective in older adults
(Demicheli et al., 2018) and only 49% effective against influenza like illnesses in the elderly
population (Demicheli et al., 2018). In fact, some of the vaccines against typhoid fever are
only 50% effective (Milligan et al., 2018). It could therefore be argued that in the cases of
infectious diseases for which vaccines are either not available or aren’t very effective,
lifestyle could play an important role. In these cases, vaccinations and the promotion of
healthier lifestyle choices should not be mutually exclusive. This is confirmed by the findings
of Miao et al. (2022) which showed that participants who had better lifestyle scores were
more likely to be vaccinated against COVID-19 and that healthy lifestyle contributed
significantly to vaccination uptake. The authors’ conclusion was that a healthy lifestyle,
which includes proper nutrition, sleep hygiene, and regular physical activity should be
promoted alongside vaccines. The role of vaccines, therefore, should be considered in

analyses that investigate potential associations between diets and COVID-19 infection.
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Another argument for the importance of a healthy lifestyle in the context of infections is the
fact that immune functions are known to decline with age, which includes the diminished
response to vaccinations (Hodges and Lamotte, 2022). This age-related immune function
decline, which increases susceptibility to infections and reduces the effectiveness of vaccines
is also known as immunosenescence (Wu and Meydani, 2014). This serves as an explanation
for the reason influenza vaccinations are less effective in the elderly as shown by the
previously cited studies by Demicheli et al., however an analysis by Sasaki et al. (2011)
further confirms this association between older age and a decline in vaccine effectiveness.
The study showed that the efficacy of influenza vaccines can be as low as 17% in those over
the age of 65 years due to a reduction in vaccine induced antibodies. Furthermore, Vedhara et
al. (2020) conducted a systematic review and meta-analysis to investigate the influence of
lifestyle behaviours on improving vaccine effectiveness. The authors identified 79 dietary
intervention studies and 12 studies with physical exercise interventions, all of which
investigated the impact of these lifestyle interventions on antibody levels following
vaccinations. The results of more than half of the included studies showed statistically
significant effects on antibody levels, which provides strong evidence for the role of diet and
exercise on improving infectious disease outcomes.

With regards to the role of nutrition, the supplementation of certain nutrients also influences
vaccine efficacy. It was shown by Duchateau et al. (1981) that the supplementation of zinc
significantly improved the antibody response of elderly participants to the tetanus vaccine. In
addition, zinc supplementation has also been shown to improve the antibody response to
diphtheria vaccination (Kreft et al., 2000), and there is evidence to suggest that it may also
reduce the chemotherapy induced antibody decline following vaccination against
pneumococcal disease (Braga et al., 2015). Furthermore, vitamin E supplementation has been

shown by Meydani (1997) to increase the antibody responses following hepatitis B and
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tetanus vaccines, and it lowered the risk of skin related adverse reactions. Vedhara et al.
(2020) also showed that supplementing probiotics resulted in higher antibody levels
compared to controls who did not use probiotics supplements, although probiotics do not
count as essential nutrients.

This highlights the role of adequate nutrient intake and shows that healthier lifestyle choices
such as consuming a nutrient dense diet, the use of supplements and regular physical activity
could help maximise vaccine effectiveness, thereby improving individuals’ susceptibility to
infections.

Overall, these studies show that dietary and other lifestyle practices can have a role in the
prevention of infectious diseases like COVID-19, even as supportive strategies alongside

vaccinations.

2.2.3 Research gaps identified in the literature reviews

The first important finding identified through the literature review was the scarcity of
research concerning the prevalence and incidence of COVID-19 within religious groups
accross Europe and the UK.

There is a clear predominance of research on chronic diseases within Adventist populations
and a scarcity of studies addressing the impact of the Adventist lifestyle on infectious
diseases, including respiratory infections such as COVID-19. The unprecedented arrival of
the COVID-19 pandemic provided a special opportunity to investigate aspects of the
Adventist diet and lifestyle in the context of a global infectious disease pandemic.

The literature review showed that no studies have been published, which have explored the
lifestyle and dietary behaviours of UK Adventist, which could provide important insights into
how they compare to Adventists living in other parts of the world as UK Adventists may have

different socio-economic, cultural and ethnic variability than Adventists in other countries.
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Although Adventist studies often report on associations between diet and health outcomes,
less is known about the adequacy of their nutritional intake, particularly of nutrients that

might affect infection risk and immunity.

2.3 Methodology of the thesis

The overarching research question of the thesis was “How do the Adventist dietary and
lifestyle practices influence COVID-19 outcomes?”. A quantitative approach was used in
order to provide answers to this research questions, incorporating three different types of
study designs (1) systematic reviews and meta-analysis, (2) an educational intervention study

and (3) a prospective cohort study.

2.3.1.1 Systematic reviews

Firstly, systematic reviews are useful for establishing what is known and unknown about a
research topic, identify research gaps and can also be used to inform the research design of
new studies (Yuan and Hunt, 2009). Furthermore, systematic reviews that contain a meta-
analysis are able to provide a quantitative summary known as the effect size, which allows
for the measurement of the strength and direction of an association across multiple studies,
thereby enhancing the reliability and generalisability of the findings (Yuan and Hunt, 2009).
In this thesis, the two systematic reviews, presented in Chapters 3 and 5, were used that
synthesized the available evidence on the association between the Adventist diet and lifestyle
and COVID-19 infection risk. They also provided valuable information for the research

designs of the prospective cohort study and educational intervention study.

2.3.1.2 Prospective cohort studies
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Many of the studies that have involved Adventist participants had an observational design,
which has several advantages and disadvantages. Observational studies usually allow for
larger sample sizes than randomised controlled trials and can investigate multiple outcomes
and exposures at the same time (Wang and Kattan, 2020). The three main types of
observational studies are case-control, cross-sectional and prospective cohort. While the first
two of these only allow for retrospective data analysis, prospective cohort studies have the
added benefit of being able to examine temporal relationships between an outcome and an
exposure (Song and Chung, 2010).

Since observational studies usually rely on self-reported data and are not run under controlled
conditions, they can be subject to bias, however the use of validated data collection tools,
statistical adjustment for confounding factors and the incorporation of an observational
period can enhance the quality of these types of studies. Prospective cohort studies tend to
have greater internal validity compared to other study designs, especially when they are
adequately powered and adjusted for known confounding factors (Song & Chung, 2010).
Inspired by the design and quality of the AHS-2 study, a prospective cohort study was carried
out as part of this thesis, since this design was deemed the most appropriate and feasable
methodology to investigate differences in COVID-19 incidence rates between Adventists and

non-Adventists living in the UK.

2.3.1.3 Educational interventions

Lecture-based educational nutritional interventions have been shown to improve participants'
nutrition knowledge and are commonly used in nutrition studies. It has been demonstrated
through various studies that these interventions can effectively increase individuals'
understanding of key concepts relating to diet and nutrition. For instance, a comprehensive

systematic review of educational interventions revealed that educational interventions led to
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significant enhancements in knowledge across a wide range of measures. Out of the 24
measures examined, 16 showed substantial improvements as a direct result of the intervention
(Cusack et al., 2018).

Furthermore, another lecture-based intervention delivered to pharmaceutical science students
in Japan significantly improved the dietary supplement knowledge of participants (Chiba et
al., 2020), however, it is important to note that the researchers did not track the long-term
impact of their lecture-based intervention on participants' actual supplementation behaviour.
On the other hand, educational interventions have also been shown to effectively lead to
behaviour change in addition to increasing knowledge. A study involving American college
students demonstrated that a lecture-based intervention not only enhanced knowledge but
also resulted in behavioural changes. Specifically, it effectively increased the consumption of
whole grains among the participants (Ha and Caine-Bish, 2011). This highlights that well-
designed educational interventions are not just a tool for knowledge dissemination but can
lead to behaviour change.

To influence behaviour, the educational interventions should be designed to not only address
knowledge but also attitudes and beliefs about diet. An educational intervention study
involving Adventists showed that interventions which are aimed at changing participants'
attitudes towards diet and lifestyle successfully resulted in subsequent behavioural change
(Kent et al., 2015), which is further confirmed by a study published by Shepherd et al. (2002)
that showed that those interventions that result in belief change are more likely to result in

behavioural change.

Additionally, evidence suggests that educational interventions conducted by experts in the
relevant fields may contribute to the success of these interventions. A synthesis of the

available systematic reviews concerning interventions aimed at leading to behaviour changes
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related to diet and health showed that expert-led interventions were more likely to result in
behaviour change than in peer-led interventions or generic interventions (Baird et al., 2009).
Therefore, the objective of this study was to assess the impact of an expert-led lecture-based
educational intervention, specifically tailored for vegan and vegetarian Seventh-day

Adventists, on their general and COVID-19 specific nutritional knowledge and behaviour.

2.4 Research aim and objectives

The literature reviewed in this chapter highlights the health-promoting aspects of the
Adventist lifestyle, particularly regarding chronic disease prevention. However, there is a
significant gap in the literature concerning the influence of the Adventist dietary and lifestyle
practices on COVID-19 disease risk, particularly in the context of nutrient intake and

vaccination behaviour.

These gaps in the literature informed the structure of this thesis, which includes two chapters
with systematic reviews, a longitudinal observational study, and an educational intervention
study. The systematic reviews were used to synthesize the existing evidence and identify
knowledge gaps, the cohort study in Chapter 4 was designed to generate original data
concerning the COVID-19 incidence among Adventists and non-Adventists in the UK over a
2 year period. Finally, the educational intervention study in Chapter 6 was deemed an
appropriate choice of study design to assess and improve the nutrition and supplement
knowledge and behaviour of plant-based Adventists. The methodological choices were
informed by the evidence gaps identified during the literature reviews presented in this

chapter.
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2.4.1 Research Aim:

The aim of this research was to investigate the influence of the dietary practices of
Adventists, in the context of their lifestyle, on COVID-19 outcomes, such as disease
incidence and symptom severity, to gain knowledge about whether the Adventist lifestyle
may offer protection against an infectious disease like COVID-19 in addition to its beneficial
role against chronic diseases.

2.4.2 Research Objectives:

1. Conduct a systematic literature review to synthesize the evidence concerning the
association between the Adventist dietary and lifestyle practices and the risk of
COVID-19.

2. Compare the COVID-19 infection risk of Adventists and non-Adventists living in the
UK and assess how factors such as diet and vaccination status mediate the risk.

3. Evaluate potential associations between nutrient intake and risk of COVID-19 among
plant-based Adventists.

4. Assess the nutritional knowledge and supplementation practices of vegan and
vegetarian Adventists in the context of COVID-19 disease prevention and treatment
and test the efficacy of an educational intervention to improve their nutritional
knowledge and behaviour in order to reduce susceptibility to COVID-19 infection due

to inadequate nutritional intake.

While this chapter provided an overview of the literature concerning the Adventist studies
regarding chronic diseases, Chapter 3 narrows the focus to investigate the prevalence of
COVID-19 and other infectious diseases among Adventist populations. The rationale for this
shift is based on the research gap highlighted in Chapter 2, which is overwhelming emphasis

on chronic disease related outcomes in Adventist cohorts.

73



3 Chapter 3. The prevalence of COVID-19 and other infectious diseases among

Seventh-day Adventist cohorts: A Systematic Review

3.1 INTRODUCTION

The aim of this study was to synthesize the available evidence regarding the risk of COVID-
19 among Seventh-day Adventists. Due to the low expected number of studies focusing on
COVID-19 disease, all other types of infectious diseases were also considered in this
systematic review as they can provide important information about the role of the Adventist
lifestyle on immunity against infections, which may provide relevant data for COVID-19
disease. Findings from such a systematic review of the scientific literature could primarily
inform church-based health promotion strategies, which focus on the prevention and

management of COVID-19 and other infections among Adventist populations.

3.2 METHODS

This systematic review has followed the Preferred Reporting Items for Systematic Review
and Meta-Analyses (PRISMA) guideline and is registered on PROSPERO under

CRD42024502363.

3.2.1 Eligibility Criteria

Studies published in the English language were searched in PubMed, Google Scholar and
Scopus. Articles were included in this systematic review if they recruited Seventh-day

Adventist participants and reported on the prevalence or incidence of COVID-19 disease or
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any infectious disease or a disease caused by infectious agents. All types of infectious
diseases and diseases caused by infections agents were considered, including respiratory tract
infections, gastrointestinal infections, and vector-borne diseases. The reason to include
studies reporting on other types of infectious diseases was made due to the fact that COVID-
19 infection is a relatively recent disease, therefore only a low number of studies were
expected to be identified in the literature search. Furthermore, research on the Adventist
lifestyle in the context of other types of infections can provide valuable insights into the role
of the diet and lifestyle Adventists have on their immunity against infectious diseases.
COVID-19 disease is similar to other types of respiratory tract infections such as the common
cold or influenza. Bai and Tao (2021) highlighted that although there are important
differences between COVID-19 disease, influenza and the common cold, they also share
common symptoms such as fever, cough, fatigue, and body aches, while both influenza and
COVID-19 can result in more serious complications such as pneumonia. In fact, the authors
showed that most individuals experience mild symptoms of COVID-19, which is similar to
infections like the common cold. The CDC have also confirmed the similarities that exist
between COVID-19 disease and influenza such as the fact that both of these are viral
infections which spread through respiratory droplets (CDC, 2024). Moreover, the CDC notes
that the two infections cannot be differentiated based on symptoms only and suggest that
testing is necessary to establish the correct diagnosis. According to the WHO, diet and
lifestyle can influence the risk of COVID-19 disease similar to other infectious diseases
(World Health Organization, 2020), therefore, studies which investigated the risk of other

infectious diseases were included in this systematic review for the above-mentioned reasons.

Studies focusing on chronic diseases only or studies where no distinguishable data for

Adventists were reported were excluded. Studies performed at Adventist hospitals were
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generally excluded, unless they specifically reported that participants were Seventh-day
Adventist as it cannot be assumed that all patients treated at Adventist health institutions were
Seventh-day Adventist. Given the anticipated low number of studies, both qualitative and

quantitative studies were included in this systematic review.

3.2.2 Search Strategy

The above-mentioned databases were searched using the following search strategy:
(Adventist OR Seventh Day Adventist OR SDA) AND (infection OR infectious OR
"infectious disease" OR infected OR virus OR bacteria OR "bacterial infection" OR "viral

infection").

Articles were initially screened after retrieval from the databases by reading their titles and
abstracts, and those that were deemed relevant were subsequently read in their entirety.

Studies were included if they met the prespecified inclusion criteria.

3.2.3 Data Extraction

Relevant data were extracted from the included studies using a standardised data extraction
form (Appendix 13). Bibliographic information, study characteristics data (e.g., study design
and duration), participant demographics, specific lifestyle factors assessed (e.g., diet, physical
activity, smoking), the presence of a control group, infectious disease outcomes, prevalence
or incidence rates, and information concerning statistical analyses were extracted. The
evidence from the available studies was synthesised in the form of a narrative synthesis.

Studies were grouped based on geographical location, the type of infectious disease
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investigated and study design in line with the Synthesis Without Meta-analysis (SWiM)
guidelines (Campbell et al., 2020). The studies’ results were summarised in a table format as
well as descriptively, highlighting the incidence or prevalence rate of the infectious disease
investigated. Where possible, comparisons were made across studies investigating the same
outcome. However, significant heterogeneity in the investigated outcomes prevented a

statistical summary of the results.

3.2.4 Risk of Bias Assessment

The quality and potential bias that may be present in the studies that met the inclusion criteria
were assessed with the Newcastle-Ottawa Scale (NOS) (included in Appendix 11), which is
an instrument used to evaluate the risk of bias relating to aspects of selection, comparability,
and outcome assessment in the included research studies and uses a scoring system between 0
to 9, where the higher scores represent a lower risk of bias (Wells et al., 2021). A version of
the NOS modified specifically for cross-sectional study designs validated by Modesti et al.

(2016) was also used. This modified version of the NOS is included in Appendix 12.
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Figure 1. Prisma flow diagram on study screening and selection
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3.4 RESULTS

One hundred and sixty-three articles were retrieved after the initial search of the literature. Of
these, 19 were read in full and ten have been included in this systematic review (Figure 1). A
study conducted by Botabara-Yap et al. (2023) was excluded since it only focused on
COVID-19 vaccination and did not contain any information about COVID-19 disease. The

main characteristics of the studies included, and their main results are presented in Table 1.
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Of the included studies, one study was conducted in Germany, one in Indonesia, and eight in
the United States. Eight of the included studies used a cross-sectional design, whilst one was
a commentary that included a report of HIN1 infection rates from a Seventh-day Adventist

seminary (Kahleova and Barnard, 2022), and another a longitudinal study (Abris et al., 2024).

3.4.1 COVID-19 infection

One of the studies that dealt with a type of respiratory tract infection was that published by
Widiani and Djula (2022), in which the authors interviewed 10 Seventh-day Adventists in
Indonesia about their experiences with COVID-19 infection. No statistical analysis was
conducted in this study to assess potential associations between COVID-19 severity and
lifestyle as the article simply described the experiences of COVID-19 related symptoms of
the participants in a qualitative manner. The most common mild symptoms of COVID-19
reported by participants were fever and loss of taste, and the most severe symptoms were
shortness of breath and loss of smell. Similarly, Riedel and Trecartin’s (2024) study also
qualitatively explored the lived experiences of elderly Adventists in relation to the COVID-
19 pandemic and mainly focused on the pandemic’s impact on participants’ spiritual and
religious lives. However, this study did not report incidence or prevalence data regarding
COVID-19 infection either.

Only one of the included studies reported COVID-19 infection prevalence data, however the
authors did not conduct any subgroup analysis relating to the prevalence of COVID-19
infection based on various lifestyle characteristics such as diet. Furthermore, the study did not

recruit any non-Adventists as controls (Biissing et al., 2022).
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3.4.2 Toxoplasma gondii

Two of the included investigated Toxoplasma gondii (T. gondii) infections. Roghmann et al.
(1999) investigated the seroprevalence of Toxoplasma gondii (T. gondii) among Adventists
and non-Adventists living in Maryland, US. The researchers hypothesised that Adventists
would have a lower T. gondii infection prevalence as a large portion of Adventists do not
consume meat and it was anticipated that meat exposure would increase disease risk. The
study recruited 251 participants in total, 105 of whom were Adventists and 146 non-
Adventists. The control group included local fishermen, workers at a seafood processing
plant, and seafood festival visitors. Both Adventists and non-Adventists were required to
undergo a blood draw to allow for the determination of blood antibody levels against T.
gondii. Of the 250 samples analysed, 31% had evidence of a previous T. gondii infection.
Seroprevalence of T. gondii was shown to be significantly lower among Adventists in all age
groups compared to the controls (OR 0.21, 95% confidence interval 0.09-0.46, P < 0.01).
According to the unadjusted analysis, 18% of Adventists and 40% of non-Adventists were
seropositive for T. gondii (p=0.001). The age-adjusted analysis showed that those over the
age of 60 years had the highest seroprevalence; however, those in the Adventist group had a
seroprevalence of 30%, whereas those in the control group had a 71% seroprevalence
(p<0.01). Overall, this study concluded that being a Seventh-day Adventist was linked to a
significantly lower risk of T. gondii infection. The major limitation of this study was that it
assessed the seroprevalence of antibodies related to shellfish pathogens, therefore the
prevalence of T. gondii infection related to other meat products could not be determined from

this study.

The results of a previous T. gondii seroprevalence survey published by Leon Jacobs in 1957

found a somewhat higher seroprevalence (21.6%) among vegetarian Seventh-day Adventists,
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however this earlier study had a smaller sample size (n=46) and did not have a control group,
although the author believed that the seroprevalence of the infection among this sample of
Adventists was lower than in the general population. The certainty of evidence for the study
published by Roghmann et al. (1999) can be considered moderate due to the robust statistical
analysis and narrow confidence intervals. In contrast, the evidence certainty for Jacobs (1956)

is low because of the absence of a control group and the lack of reported confidence intervals.

3.4.3  Norwalk virus, Vibrio cholerae and Vibrio vulnific seroprevalence

Another serosurvey that was included in this systematic review investigated the prevalence of
antibodies against the shellfish associated pathogens Norwalk virus, Vibrio cholerae and
Vibrio vulnific (Lefkowitz et al., 1992). Participants were fisherman and Seventh-day
Adventists who served as the low-contact or low-consumption group. Of the shellfish
workers, 83.7% reported occupational contact with raw shellfish at least once a week, as
opposed to only 6% in the Adventist group. The study did not find a significant difference in
the seroprevalence of V. vibrio or the Norwalk virus between the two groups, however
shellfish workers were found to have a higher seroprevalence of the unencapsulated phase
variant of V. vulnificus compared with the Adventist group. Seropositivity was highest for

the Norwalk virus in the overall sample at 70%. The certainty of evidence for Norwalk virus,
Vibrio cholerae, and Vibrio vulnificus seropositivity is low due to the absence of confidence

intervals and insufficient statistical power to detect small differences in seroprevalence.

3.4.4 Helicobacter pylori
The third serosurvey in this systematic review compared the seroprevalence of Helicobacter
pylori (H. pylori) among Seventh-day Adventists and two groups of non-Adventists by

Hopkins et al. (1990). The recruited Adventists were selected from six congregations on the
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eastern shore of Maryland, with one of the control groups geographically matched, whilst the
other based in Baltimore-Washington. The authors hypothesised that the Adventists'
abstention from meat might result in a lower seroprevalence of H. pylori, however the results
did not show a difference in the H. pylori seroprevalence between the Adventists (35%) and
the non-Adventist controls (35%). This constitutes a low level of certainty due to the lack of

confidence intervals and insufficient statistical power.

3.4.5 Other upper respiratory tract infections

The study with the largest sample size included in this systematic review recruited 41,725
participants, all of whom were part of the AHS-2 cohort (Liao et al., 2006). The authors of
this study analysed upper respiratory tract infection (URI) risk within a 12-month period and
found that there was a 25% reduction in the odds of having a URI (OR 0.75, 95% CI: 0.69—
0.82) among those eating seven or more servings of fresh fruits compared to those consuming
them once a day or less. Similarly, eating seven or more servings of vegetables was linked to
a 20% reduced risk of URIs (OR 0.80, 95% CI: 0.75-0.85) compared to eating two or less
servings per day. Importantly, the associations remained unchanged in the models that used
statistical adjustments for important confounding variables. The authors concluded that a diet
rich in fresh fruits, vegetables and water decreased the risk of URIs. The large sample size,
precise effect estimates as reflected by the narrow confidence intervals, and robust statistical
adjustments support the certainty of the findings.

A commentary published by Kahleova and Barnard (2022) has also been included in this
systematic review as it presents data relating to a Seventh-day Adventist seminary in
Minnesota from HINT1 influenza pandemic. The seminary housed 120 students and staff, 90
of whom developed symptoms of HIN1 influenza infection. Infected patients were advised to

apply warm compresses on their neck and chest, and they received plant-based meals, which
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was part of the usual diet provided by the seminary. The diet contained high amounts of fruits
and vegetables but also included grains and nuts. None of the infected patients died or
developed pneumonia. The article compares the 0% mortality rate to data obtained from U.S.
Army camps, where the mortality rate during the HIN1 influenza pandemic was 6.7%, and
the rate of pneumonia was 16.7%. The authors conclude that the habitual plant-based diet of
the Adventists living at the institution may have contributed to their better survival rate.
Furthermore, the article presents data from 10 Adventist hospitals from the same time, where
similarly low rates of mortality and pneumonia were observed, however the proportion of
Adventists among the treated patients is unknown.

Finally, the latest publication of the AHS-2 cohort included data on infectious disease
mortality in Adventists aged 65 and 85, stratified by dietary status (Abris et al., 2024).
Vegetarians in the 65-year age group had a significantly lower mortality rate due to infectious

diseases than nonvegetarians, however, the study did not specify the exact infectious disease.
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Table 1 Characteristics of included studies

vegetarian diet.

Author(s)/year | Location/setting | Study Sample | Adventist Infectious Prevalence / Incidence | Key Findings (related to
of publication Design Size Lifestyle Disease(s) Rates Adventist lifestyle)
Characteristics | Investigated
(if mentioned)
Cross-
United States of sectional 46 Vegetarian diet T. gondii 21.6% among Adventists. No comparison group
Jacobs, 1956 America seroprevalence with no meat recruited.
survey
Hopkins et al. United States of Cross- 262 Vegetarian diet Helicobacter Overall seropositivity rate No difference in
1990 America sectional study and abstinence pylori infection | was 35% in both seroprevalence, even after
from alcohol, Adventists and controls. multivariate adjustment.
caffeine, and
meat.
Lefkowitz et al. United States of Cross- 258 Abstinence from Not specified No significant association
1992 America sectional shellfish, Antibodies to between shellfish
seroprevalence smoking, and Vibrio species consumption or contact and
survey alcohol; and Norwalk Vibrio cholerae O1 or
adherence to a virus Norwalk virus.antibody
lacto-ovo- response.
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Roghmann et al. | United States of Cross- 251 Vegetarian diet Toxoplasma Adventists: 18% for SDA T. gondii infection risk was
1999 America sectional gondii under 40 years, 19% for significantly lower among
seroprevalence infection 40-60 years, 30% for over Adventists compared with
study 60 years. the controls.
Control Group: 9% for
controls under 40 years,
44% for 40-60 years, 71%
for over 60 years.
Liao et al 2006 United States of Cross- 41,725 Not specified Upper Fruit, vegetables, and Higher intake of plant foods
America sectional Respiratory water intake lowered the and regular water
analysis using Infections odds of a URI. consumption is associated
a sample of the (URI) with a decreased risk of
AHS-2 cohort URI.
OR for 7+ servings of fruits
(compared to 1 or less) =
0.75 (95% CI: 0.69-0.82)
OR for 7+ servings
(compared to less than 2) of
vegetables = 0.80 (95% CI:
0.75-0.85)
Widiani and Indonesia Cross- 10 Not specified COVID-19 Not relevant as the study The study describes the
Djula 2022 sectional disease only involved 10 church common COVID-19
(interview members, who had symptoms experienced by
based COVID-19. church members.
qualitative
study)
Kahleova and United States of Report of a 120 Plant-based diet. No deaths or pneumonia Lower H1N1 mortality among
Barnard 2022 America Seventh-day H1N1 among 90 infected Adventists than among the
Adventist influenza Adventist faculty staff and US army.
seminary students.
during the
H1N1
pandemic
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Cross- None COVID-19 19% of participants No comparison group
Sectional reported having had the recruited.
Survey 1.494 infection.
Bussing et al.
2022 Germany
Riedel and Cross- 10 None COVID-19 N/a as the study was a No disease prevalance data
Trecartin, 2024 United States of | Sectional qualitative study of 10 reported
America interviews elderly Adventists of their
experience of the
pandemic
Abris et al., 2024 Longitudinal 12,515 Vegetarian Infectious HR for vegetarians of Lower infectious disease
United States of | cohort study of disease mortality due to infectious mortality observed among
America the AHS-2 mortality diseases was 0.57 (95% vegetarians.
sample. Cl: 0.40, 0.82) as

compared with non-
vegetarian Adventists
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The risk of bias assessment utilizing the Newcastle-Ottawa Scale (NOS) is presented in Table
2, which indicates great variance in the quality and risk of bias among the studies. The study
published by Lefkowitz et al. (1992) appears to have the lowest risk of bias with a score of 8.
In contrast, Kahleova and Barnard (2022), Riedel and Trecartin (2024) and Widiani and
Djula (2022) scored the lowest with only 1, 1 and O stars each respectively, indicating a
higher risk of bias, particularly due to the low scores obtained in the selection and
comparability domains. The rest of the included studies fall in between, with scores ranging

from 3 to 7 stars suggesting an overall moderate risk of bias in the reviewed articles.

Table 2 Risk of bias assessment

Study ID Selection Comparability | Outcome/Exposure | Total
(max 5 (max 2 stars) (max 3 stars) (max 10
stars) stars)

Leon Jacobs | 1 0 1 2

1957

Hopkins et al., | 2 1 2 5

1990

Lefkowitz et 3 2 3 8

al. 1992

Roghmann et | 1 2 2 5

al., 1999

Liao et al., 2 2 2 6

2006

Widiani and 0 0 1 1

Djula 2022

Kahleova and | 0 0 1 1

Barnard 2022

N
N
N
w

Blssing et al.,
2022
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Riedel and 0 0 1 1
Trecartin,
2024

Abris et al., 3 2 2 7
2024

3.5 DISCUSSION

This was the first systematic review that investigated the prevalence of COVID-19 disease
and other infectious diseases among Adventists. Due to the presence of significant
heterogeneity and the low number of studies focusing on the same infectious disease,

quantitative analysis in the form of a meta-analysis was not possible.

Two of the studies assessed the prevalence of T. gondii infection among Seventh-day
Adventists, but only one of them had a control group (Roghmann et al. 1999). Seroprevalence
of T. gondii, in this study, was lower among the Adventists than among the control group
(OR 0.21, 95% CI 0.09-0.46, P 0.0001). The authors’ conclusion highlights the potentially
protective effect of meat abstinence against T. gondii, which is confirmed by a meta-analysis
(Belluco et al., 2017) which showed that eating raw or undercooked meat greatly increases
the risk of T. gondii infection. Interestingly, the meta-analysis did not find a significant
association between the consumption of unpasteurized milk or raw eggs and the
seroprevalence of T. gondii, which may explain how vegetarian Adventists in the included
studies, who presumably consume dairy products and eggs, had a lower risk of infection.

Household exposure to raw meat and the duration of time on a vegetarian diet among the
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Adventists were not assessed in the included studies, both of which are important factors that

could have influenced the results.

Furthermore, Roghmann et al. (1999) showed T. gondii seroprevalence was highest among
those over the age of 60 in both groups, which is in agreement with the results of a recently
published study (Cook et al., 2021) of non-Adventists, which reported that age was a
significant risk factor for T. gondii exposure.

The other two seroprevalence studies included in this systematic review did not find evidence
for lower seroprevalence among the recruited Adventists as compared to controls. One of the
studies investigated the seroprevalence of H. pylori (Hopkins et al., 1990) while the other
Vibrio cholera and Norwalk virus (Lefkowitz et al., 1992). Common factors associated with
the Adventist lifestyle such as a vegetarian diet, abstinence from smoking, caffeine and
alcohol were not shown to be protective. Some have criticized (Sturges, 1991) the findings of
Hopkins et al. (1990) as the study did not actually assess the diet of participants so some of

the participants may have consumed meat as not all Adventists are vegetarians or vegans.

Of the studies that focused on COVID-19 infection, one of them only recruited Adventists
who had already been infected with the virus (Widiani and Djula, 2022), whilst the other
recruited a larger sample, 19% of whom had reported a previous COVID-19 infection
(Biissing et al., 2022). The latter did not recruit a control group, nor did it conduct a subgroup
analysis based on lifestyle factors such as diet since the lower intake of animal-based foods
and the consumption of vegan or vegetarian diets have been associated with lower COVID-
19 incidence rates (Acosta-Navarro et al., 2024). Furthermore, vegetarian diets have been
shown to lower the risk of severe COVID-19 disease (Kim et al., 2021). However, the

Adventist lifestyle does not just recommend a vegetarian or plant-based diet, it also advises
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against alcohol consumption and smoking, both of which have been shown to associate with
a lower prevalence of COVID-19 disease and a lower severity of infection (Wei et al., 2023
and Santenna et al., 2023).

Although, it is worth noting that lifestyle adherence, especially in regard to the consumption
of a plant-based diet may not be uniform among Adventists. This is confirmed by the findings
of McBride et al. (2021) who conducted a global survey of 63,756 Adventists to assess
adherence to principles of the Adventist lifestyle. The study showed that only 19% of
participants consumed a vegetarian diet, although adherence rates for alcohol and smoking
abstinence were over 90%. These findings demonstrate that Adventists, despite some
variability in lifestyle, differ from the general American or Western populations, particularly
in their higher rates of abstinence from alcohol and smoking. In addition, the AHS-2 cohort
showed that over 50% of participants adhered to an either fully or semi-vegetarian diet,
which is in great contrast to the estimated 1-4% prevalence rate of vegetarianism in the
general population. In fact, the available evidence suggests that non-vegetarian Adventists eat
low amounts of red and processed meat compared to the general American population, which
indicates that Adventists, in general, maintain healthier lifestyles. However, there may be
other factors contributing to the lower disease risk. For instance, Zollinger et al (1984)
showed that Adventist women had better breast cancer survival due to their earlier diagnosis,
which suggests that Adventists may be more likely to seek medical assistance. However, this
has not been confirmed in studies investigating the risk of infectious diseases among

Adventists.

The study that had the largest sample size among the included studies showed that the high
intake of plant foods and water was associated with a lower risk of URI (Liao et al. 2006).

This finding has been confirmed by latter studies such as Li and Werler (2009), who reported
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fruit and vegetable intake was associated with a lower URI incidence among pregnant non-

Adventist women.

Finally, the systematic review included a commentary, which reported data from a Seventh-
day Adventist seminary with regard to HIN1 influenza prevalence (Kahleova and Barnard,
2022). While this commentary is not a formal scientific study and its results should be
considered with caution, the findings reported a lower rate of mortality among the students
and staff housed at the seminary compared to the general U.S. population and the U.S. Army.
The authors attribute the lower mortality rate in part to the plant-based diet that was provided
to everyone at the seminary, this finding has not been confirmed in actual research studies;
however, plant-based diets in general can lower the risk of obesity (Turner-McGrievy et al.,
2017), which is pertinent since obesity has been linked to an increased risk of respiratory
infections (Mancuso, 2013). Future research should prioritize longitudinal cohort studies that
stratify Adventists based on their adherence to lifestyle principles such as diet and exercise,
along with the timing of diagnosis. This approach would allow for the accurate measurement
of the impact of both lifestyle and non-lifestyle factors on the incidence of infectious

diseases.

3.5.1 The dual role of religion in the context of infectious diseases

Since religious beliefs and organisations may exert a significant influence on public health,
especially during infectious disease outbreaks such as the COVID-19 pandemic, they
sometimes have a twofold influence in public health acting as both a force for good and a
potential source of challenges. Among the positive contributions are that religious
communities can play a major role in addressing infectious disease outbreaks because of their

organizational structures, influence, and networks to disseminate public health information
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and promote adherence to preventive measures. Adventism’s influence on aspects of public
health related to chronic disease prevention is overwhelmingly positive as evidenced by the
numerous research studies showing a lower chronic disease risk among Adventists. The
lifestyle characteristics promoted by the church may also help against infectious diseases,
however this remains unknown. This lack of research into COVID-19 prevalence among
Adventists informed the study outlined in Chapter 4 of this thesis, which was designed to be
the first study to investigate the association between the lifestyle and diet of UK Adventists

and their risk of COVID-19 disease.

On the other hand, vaccinations are a key variable to be considered in the context of
infectious diseases as they can profoundly impact disease risk, however none of the included
studies analysed infectious disease prevalence based on vaccination status. In this regard,
Olowu (2015) also argues that faith-based organisations (FBOs) often promote less effective
HIV prevention strategies such as abstinence or monogamous relationships rather than
advocating for the use of condoms and appropriate sexual education. This shows that religion
can sometimes hinder public health efforts, especially in the context of infectious diseases,
when religious doctrines or teachings conflict with evidence-based practices. On the other
hand, the various government departments and agencies involved with public health response
to pandemic worked closely and effectively during the Zika virus outbreak, which was an
especially sensitive topic as education regarding the sexual transmission of the virus to
pregnant women had to be highlighted (Santibafiez et al., 2017). For this purpose, the Centres
for Disease Control and Prevention (CDC) and US Department of Health and Human
Services (USDA) created useful resources for religious leaders such as Priests, Pastors,
Rabbis, and Imams, which were to be used to educate their communities about the Zika virus.

In fact, faith-based communities were offered the possibility of creating and developing their
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own informational materials, which could be reviewed by public health officials. The
government recognised that because religious leaders usually have close ties with their
communities, they have detailed knowledge of their congregations, making them essential
partners in emergency response during infectious disease outbreaks, which also applies to
Adventist pastors and leaders. Santibafiez et al. (2017) believe that Puerto Rico serves as a
positive example of the collaboration between health departments and faith-based groups
since religious leaders played a key role in identifying pregnant mothers and providing
education about the virus within their communities during the Zika virus outbreak, however
the study does not mention Adventists specifically. Raising awareness about the use of
condoms and even their free distribution to the communities were also part of the
collaborative efforts, however not all religious communities were willing to take part in these
activities. Again, a compromise was reached, and areas of shared goals were identified,
which led to effective collaboration, which further highlights the importance of finding
common ground with faith-based communities and utilising their influence in public health.
Vaccination has been a controversial topic, where religion and public health guidance have
often been at conflict. Although Williams et al. (2020) showed in a study involving U.S.
religious leaders that most of their participants held positive attitudes toward vaccination and
were open to advocating for vaccines, only half of the clergy promoted vaccination to their
congregations. Moreover, the use of ingredients in vaccines that are derived from pork have
been shown to be a major barrier to both Muslims (Kibongani Volet et al., 2022) and Jews
(Bokek-Cohen and Tarabeih, 2022). Religious exemptions for vaccinations have been more
common in recent years, which has led to a steady increase in measles cases since 2014
(Nimblett-Clarke, 2021). Muravsky et al. (2021) argues that the anti-vaccine sentiments
against human papillomavirus (HPV), measles and COVID-19 vaccines among religious

Jewish communities is not founded upon Biblical principles since the authors argue that
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principles behind the support for vaccination is rooted in Jewish law as also confirmed by
many poskim, who are Jewish legal scholars who decide on the applications of Biblical laws.
Most of the studies included in this systematic review did not report on vaccinations,
although many of the diseases investigated such as H. pylori or Norwalk virus were not
vaccine preventable diseases. The only study included in the systematic review that
investigated COVID-19 outcomes reported 70% vaccination rate among the Adventists
recruited, which is not an alarmingly low rate, especially considering the fact that the study
was published in May of 2022. On the other hand, Botabara-Yap et al. (2023) reported that
Adventists had low belief in the vaccine. Support for vaccination from religious leaders has
traditionally been a key facilitating factor according to Jacobson et al. (2023), which
underlines the importance of involving the topic of vaccinations by Adventist health leaders

as part of the church’s health promotion activities.

Among the biblical religions, Judaism provides detailed teachings, based on the Bible, with
regard to addressing contagious diseases, particularly in the five books of Moses, often called
the Torah. Although written thousands of years ago, the Torah outlines measures for
identifying and managing infectious diseases such as the use of quarantine and isolation to
prevent the spread of these diseases. For instance, the thirteenth chapter in the book of
Leviticus states that people who were identified with a specific type of sores were to self-
isolate and live outside of the camp of Israel until the sores disappeared. These instructions

may be considered one of the earliest documented public health practices.

The cases and examples mentioned in this section serve as historical examples of the
beneficial and potentially harmful roles religion has played in infectious disease outbreaks,

however Adventism’s impact in the UK during the recent COVID-19 pandemic remains
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mostly unknown. The absence of studies examining the prevalence or incidence of COVID-
19 among UK Adventists highlights a clear gap in the literature and underscores the need for
further research. Since religion sometimes can have a negative impact in the context of public
health as discussed previously, the studies outlined in Chapters 4 and 6 did not only report on
COVID-19 incidence among Adventists and non-Adventists but they investigated vaccine
uptake, perceptions of vaccine acceptance and views about natural remedies against COVID-
19 since these factors are essential for understanding the broader impact of the Adventist diet

and lifestyle on COVID-19 outcomes.

3.5.2 Strengths and Limitations

A major limitation of this study is that all of the included studies were cross-sectional in
nature, which does not allow for the assessment of disease incidence rates.

Many of the included studies relied on self-reported data concerning dietary habits, whilst
one of the studies did not even assess dietary intake, it just assumed the Adventists were all
non-meat-eaters (Hopkins et al. 1990), which generally limits the validity of the results.
There are only a limited number of studies investigating infectious disease prevalence rates,
which is another potential limitation of this study as it prevents us from drawing robust
conclusions. Furthermore, most of the included studies utilised convenience sampling instead
of random sampling which could have introduced selection bias in the studies.

In addition, studies investigating T. gondii infection (Roghmann et al. 1999 and Jacobs,
1957) did not assess household exposure to raw meat, which may have led to an
underestimation of the exposure’s true effect on the outcome.

The limited number of studies and their heterogeneity, especially in terms of the infectious

diseases studied, make it very difficult to draw meaningful conclusions. No single infectious
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disease was the subject of more than two studies in this systematic review, therefore it was
not possible to conduct a meta-analysis. In addition, the review included a qualitative study
by Widiani and Djula (2022) which lacked quantitative analysis; however, no restrictions
were imposed on the inclusion of qualitative studies, as the number of anticipated articles was
expected to be low. Furthermore, the inclusion of the study broadens the scope of the review
and provides complimentary information to the quantitative data derived from the other

studies.

Most of the included studies were conducted in the U.S. which calls into question the
generalisability of the findings to Adventists outside of the United States since the prevalence
of infectious diseases might be different outside of the United States. In addition, adherence
to the Adventist lifestyle may vary across the globe as it is known that the consuming a plant-
based diet is more common in the U.S among Adventist than in other parts of the world
(McBride et al., 2021), therefore further studies are required on Adventist populations from
outside of the United States.

On the other hand, this was the first attempt to systematically review the literature to
synthesize the available evidence concerning the Adventist lifestyle and its potential
association with infectious diseases, which provides a broad perspective on this topic and
highlights the need for further studies. The synthesis process adhered to systematic principles
outlined in the SWiM guidelines (Campbell et al., 2020) and PRISMA guidelines to ensure
transparency and reproducibility.

For the above-mentioned reasons, firm conclusions cannot be drawn from this systematic
review due to the high heterogeneity and high risk of bias owing mostly to the lack of
observational period inherent to cross-sectional study designs, the absence of control groups

in many cases, and the lack of rigour in the statistical analyses. Surprisingly, none of the most
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common respiratory diseases that are caused by infectious agents such as seasonal influenza,
pneumonia or the common cold have been investigated among Adventist populations,
therefore the potential association between the Adventist diet and lifestyle and the risk of
these common infectious diseases, including COVID-19, should be further explored in future
studies. Furthermore, future studies should aim to incorporate subgroup analyses based on
various aspects of the Adventist lifestyle and contain a duration of follow-up in their designs
to allow for the investigation of infectious disease prevalence and incidence rates between
Adventists and non-Adventists. Due to the lack of data concerning the risk of COVID-19
among Adventists, the next chapter presents the findings of the first prospective cohort study
from the UK, which investigated the risk of COVID-19 infection among Adventists and non-
Adventists. The findings of this systematic review informed the design of the study described
in the next chapter and several important factors missing from most of the studies evaluated

in this systematic review were incorporated to improve the study’s quality.

3.6 CONCLUSION

The findings of this systematic review suggest that there may be a potential association
between the Adventist lifestyle and a lower prevalence of certain infectious diseases, partly
due to the adherence to key aspects of the Adventist lifestyle, such as a plant-based diet and
abstention from smoking and alcohol, however data regarding COVID-19 specifically is
scarce. This study provides important answers to the overarching aim of this thesis as well as
its first objective, which was to investigate how the diet and lifestyle of Adventists may
influence COVID-19. The small number of studies and their generally low-quality limit our
ability to draw definitive conclusions. Further studies are needed with more robust study

designs to confirm if any possible association exists between the Adventist lifestyle and the
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risk of infectious diseases, particularly COVID-19. Such research could have significant
implications for church-based health promotion and could inform the church’s health

promotion strategies to help in the prevention or management of COVID-19 disease and
potentially other infections. However, as this systematic review identified an absence of
studies involving UK Adventists, this gap in the search led to the design of a prospective
cohort study in Chapter 4, which aimed to compare COVID-19 incidence and prevalence

rates among UK Adventists and non-Adventists.
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4 Chapter 4. A longitudinal investigation of the incidence of self-reported COVID-19
disease and the pandemic’s impact on the lifestyle of Seventh-day Adventists and

non-Adventists living in the United Kingdom.

4.1 INTRODUCTION

The aim of this study was to comprehensively assess the potential difference in COVID-19
infection risk between Adventist and non-Adventist participants in order to provide
potentially important insights into whether the Adventist lifestyle is associated with a lower
risk of COVID-19 infection, thereby providing important answers to the aim of this thesis,
which was to assess the impact of the Adventist diet on COVID-19 incidence. There were
almost 60,000 deaths caused by COVID-19 disease in the UK between March and December
in 2020 and ethnic minority groups were disproportionately affected (Brown et al., 2021).
This is relevant as the majority of Adventist church members in the UK are of black ethnicity
(Tomlinson, 2018), which means that investigating the risk of COVID-19 disease among UK
Adventists may provide important insights for church-based health promotion.

This study also assessed how the global pandemic and the government restrictions associated
with COVID-19, which resulted in church closures around the United Kingdom for over a
year, have affected the lifestyle and practises of Adventists compared to non-religious people,
and whether Adventists were more or less likely to report changes to their diet, bodyweight,
and lifestyle during the pandemic. The unexpected occurrence of the COVID-19 pandemic
and the lockdowns imposed by governments around the world led to disruptions in food
supplies and caused major issues with food availability and accessibility (Jafri et al., 2021)
and had a significant impact on people's eating habits and mental health. Freedman et al.

(2022) showed that adults in the US gained more weight during the COVID-19 pandemic
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than in previous years, but it is unknown whether Adventists in the UK experienced the same
trend in weight gain or if they were protected from it due to their health-conscious lifestyle.
Therefore, this study investigated how these factors associated with the COVID-19 pandemic

impacted the lifestyle and health of Adventist and non-Adventists.

Thereby, this study relates to the overarching theme of this thesis, by directly assessing the
relationship between the Adventist diet and lifestyle and COVID-19 infection risk and fulfils
the second objective of the thesis as highlighted in Chapter 1, which was to compare the
COVID-19 infection risk of Adventists and non-Adventists living in the UK and assess how

diet and vaccination status mediate the risk.

4.2 METHODS

4.2.1 Participants

Initial data collection for this study began in September 2021 and closed in March 2022. The

follow-up survey was sent to consenting participants via email in February of 2024.

At the time of recruitment, Adventist churches were under nationwide closures due to the
COVID-19 pandemic, therefore the survey was disseminated online, and it also meant that the
study used a convenience sampling method, such that any Adventist who wished to participate

by filling out the online survey was allowed to do so.

The minimum sample size required for each group of Adventists and non-Adventists was
determined to be 38, which allowed for the detection of clinically significant difference in the
risk of COVID-19 infection between Adventists and non-Adventists with 80% power at the
level of significance of 5%. This was based on the results of a systematic review which

suggested that participants following healthy dietary patterns such as the Mediterranean diet,
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healthy plant-based diets, or the DASH (Dietary Approaches to Stop Hypertension) diet had
an up to 77% decreased risk of COVID-19 infection (Sharma et al., 2023). Since Adventists
are also encouraged to eat a healthy diet, it was assumed that the effects observed for the healthy
diets in the systematic review could reasonably be expected in the Adventist population as well,
therefore the results of this systematic review were deemed appropriate for the power

calculation.

The sample size was calculated using the below formula taken from Sakpal (2010), which is

suitable for comparing two proportions:

n=[(Zan + Zp)* < {(p1 (1-p1) + (p2 (1-p2))}1/(p1 - p2)°

In this formula, Z4» (1.96) and Zg (0.85) are critical values related to the statistical power and
significance level used, whereas p1 represents the estimated proportion of COVID-19 infection
in Adventists, and p2 is the same risk among non-Adventists. The estimated COVID-19
infection rate for non-Adventists was based on the results of a cohort study of UK healthcare
workers who had a COVID-19 infection prevalence of 31.6% (Grant et al., 2020), which may
not have correctly represented the COVID-19 risk of Adventists since healthcare professionals
were at a higher risk of infection, however comprehensive data on COVID-19 infection rates
within the general UK population were limited at the time of study design and Grant et al.
(2020) offered a concrete and accessible estimate. This approach was a pragmatic decision

based on the best available prevalence data at the time.

The questionnaire was created electronically using the website onlinesurveys.co.uk. The
survey included a food frequency questionnaire (FFQ) and a 24-hour diet recall. Additionally,
participants were asked to provide information regarding their general medical history and
lifestyle through a series of questions. The survey link was disseminated on various social

media platforms, including Facebook groups and Instagram. Furthermore, the survey was also
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made available in the Adventist church news magazine known as the 'Adventist News'. The
online survey was self-administered by the participants as Adventist churches were still closed

at survey launch and the survey took an estimated 10 minutes to complete.

Non-Adventists were recruited to serve as a comparison group. They were also recruited on
social media platforms such as Facebook and Instagram, and they filled in the same survey by

accessing the same link.

4.2.2 Ethical approval

This study was approved by the Faculty of Health, Education and Life Sciences Ethics
Committee at Birmingham City University. Participants were given a Participant Information
Sheet, included in Appendix 3, which informed them of the details of the study, and the data
privacy measures that would be used to handle their data. Participants’ informed consent was

obtained for this study. The consent form for this study is included in Appendix 4.

4.2.3 Questionnaire Development

The food frequency questionnaire utilised in this research was adapted from the validated FFQ,
which was used in the EPIC-Norfolk Study (Epic-Norfolk (no date)) since participants in that
study were also from the UK and were asked questions regarding the frequency of consumption
of various animal- and plant-based products. The food frequency questionnaire of the survey
consisted of three sections. The first section included common food items, whereas the second
part of the FFQ measured the consumption of meat and meat alternatives. The final section
assessed the frequency of nutritional supplement use as well as the consumption of alcoholic
and non-alcoholic beverages. The full questionnaire is included in Appendix 1 and 2 of this

thesis.
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Moreover, participants' lifestyle habits and behaviours during the COVID-19 pandemic were
also evaluated by utilizing a questionnaire developed by Visser et al. (2020), which aimed to
assess the impact of the pandemic on participants' nutritional habits and physical activity. The
Participant Information Sheet provided detailed instructions about how participants were to
measure their waist and hip circumferences, ensuring accurate data collection for further
analysis.

This study also assessed COVID-19 vaccination status for two key reasons. The first is that
vaccines are a major confounding variable when investigating the relationship between the
risk of COVID-19 and the Adventist lifestyle, therefore it needs to be taken into account
during statistical analysis. The second reason is there have not been any published studies in
the United Kingdom that investigated the prevalence of vaccine hesitancy among Adventist
church members. Vaccination practices are decisions influenced by personal beliefs and
attitudes about health, which are closely related to the lifestyle of Adventists, therefore
analysing vaccine acceptance could provide valuable insights into how lifestyle factors may
influence vaccination practices among Adventists. Given that the Seventh-day Adventist
church is considered to be a conservative Christian denomination that interprets the Bible in a
literal sense, its teachings could significantly impact the views and beliefs of church
members, including their attitude towards vaccinations. For instance, the uptake of vaccines
developed with the use of aborted foetal cell lines have been reported as a potential moral
issue for Christians (McKenna, 2018), which may also be the case for some Adventists.
Investigating vaccine uptake between Adventists and non-Adventists could provide useful
information in the context of the Health Belief Model, which is the theoretical framework of
this thesis, which would suggest that perceptions of vaccine benefits and dangers would

influence vaccine uptake.
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In order to determine the waist-to-hip ratio (WHR) values for each participant, the self-reported
measures of waist and hip circumferences were used. These values were then calculated,
following the cut-off values recommended by the World Health Organisation (WHO) in 2016
(Fauziana et al., 2016). This comprehensive approach allowed for the collection of detailed
self-reported information about participants' dietary patterns, supplement intake, and lifestyle

factors, providing valuable insights into their overall health status.

4.2.4 Statistical Analysis

All statistical analysis was conducted in SPSS version 29.0.1.1. The Kolmogorov-Smirnov test
of normality was used to assess the distribution of continuous variables since this test is more
appropriate for samples with over 50 participants than the Shapiro-Wilks test (Mishra et al.,
2019). The distribution of continuous variables was also assessed visually using a histogram
and in the case of the variables age, BMI and weight normal distributions were determined by
the visual assessment of the variable, which showed a normally shaped bell-shaped curve,
rather than relying on the probability values, which in these cases were p<.05. This is an
acceptable practice as normality tests can sometimes be overly sensitive and graphical
assessment of the histograms in certain cases may be more advantageous (Mishra et al., 2019).
For the rest of the continuous variables both the Kolmogorov-Smirnov test and the visual

assessment of the histograms confirmed normal distributions.

Independent-samples t-test was used to compare the mean of a continuous variable between
the two categories of a categorical variable, whereas analysis of variance (ANOVA) was used
if the categorical variable had more than 2 groups. For these tests, the equality of variances was

tested with Levene’s test (Levene, 1960).

Multivariate ANOVA (MANOVA) was used to test whether there were any differences in the

mean BMI, WHR and waist circumference values between Adventist and non-Adventist
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participants. Pillai’s trace was used in place of Box’s M to test the equality of covariance
matrices for the MANOVA test as Pillai’s trace is less sensitive to departures from the

assumption of normality.

The Pearson Chi-square test of independence was utilised to test for potential associations
between categorical variables with at least 2 categories. Fisher's exact test was used if the
expected count in any cell was less than 5. Phi was used as an effect size indicator, where 0.1
counted as a small effect, 0.3 as a medium effect, and 0.5 as a large effect. For variables with

more than 2 categories Cramer’s V was used as an effect size.

Potential linear associations between two continuous variables were investigated using the
Pearson correlation. Assumptions such as homogeneity of variances and linearity were checked

before conducting the test.

Odds ratios for COVID-19 infection with corresponding 95% confidence intervals were
calculated for specific food items with sufficient contrasts in intake from the FFQ data. Vegans,
vegetarians and pescatarians were combined into a single variable 'plant-based' in some of the
statistical analyses. Currently, there is not a uniform definition of a plant-based diet in the
scientific literature. According to a review, 50% of the studies that have used the term referred
to a vegan diet, which excludes all animal products. On the other hand, the rest of the studies
have used the term to define a diet without the regular use of meat products, which may include
vegetarian diets, which allow for the consumption of dairy and eggs, pescatarian diets, that can
include the consumption of fish, and semi-vegetarian diets, which may allow the infrequent
consumption of any kind of animal product (Storz, 2021). For the purposes of this study, the

term plant-based was used to include vegan, vegetarian or pescatarian diets.
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COVID-19 disease incidence rates for Adventists and non-Adventists were calculated from the
follow-up data collected at 2 years using the below formula and were expressed as a rate per

1,000 person-years:

Incidence rate= (number of new cases/person years) x 1,000

Last Observation Carried Forward (LOCF) imputation was used for missing data on the follow-
up questionnaire to account for the missing values, which is a method used in longitudinal
designs where the last observed non-missing value is used for a participant as the LOCF method

assumes that the responses provided are constant.

Multinomial logistic regression analysis was used to assess the potential association between
COVID-19 symptom severity and plant-based dietary status. Furthermore, logistic regression
was used to test whether diet status, religious affiliation and vaccination status predicted

COVID-19 infection risk.

For regression analysis, the assumptions of multicollinearity were checked using the
collinearity statistics variance inflation factor (VIF) and tolerance. Evidence of significant
multicollinearity was concluded if the VIF value was above 10 or the Tolerance below 0.2,

however this was not the case in any of the analyses.

4.3 RESULTS

4.3.1 Characteristics of Adventist vs. Non-Adventist Participants

Participants’ characteristics are summarized in Table 3. In total 170 participants filled in the
online survey at baseline, 86 of whom were Adventists and 84 were non-Adventists.

Adventists were significantly older (36.5 years, SD 13.3)) than non-Adventists (28.3 years,
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SD 5.9 (p<0.001), but their weight (p=0.69) or BMI (p=0.69) was not significantly different

from non-Adventists’.

Table 3 Participant characteristics comparing Adventists to non-Adventists

Characteristic

Gender (n)

Female
Male

Age (years)

Mean + SD

Weight (kg)

Mean + SD

BMI

Mean + SD

Education Level (n)

GCSEs or below
A-levels or equivalent
Undergraduate degree
Masters degree
Doctorate

Ethnicity (n)

Adventists

63

23

36.55 (13.34) 28.34(5.92)

68.12 (17.35) 70.43 (17.76)

23.68 (4.59) 23.80 (5.17)

10

32

25

Non-Adventists

59

25

13

35

20
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African Black 9 0
Black Caribbean 29 16
White British 4 27
White European 37 30
White Other 2 0
Asian Other 2 11
Salary (n)

£0-£29000 40 64
£29000-£49000 26 9
£50000+ 12 2
Plant-based, n=163 (%) 57 (70) 33 (41)

The rate of smokers was similarly low in both groups (p=0.16).
Fifty percent of Adventists were lifelong Adventists, meaning they were born into an

Adventist family, and have remained Adventist ever since.

Alcohol consumers (%)

100%
90%
80%
70%
60%
50%
40%
30%
20%

10%
0% —

Adventist

Non-Adventist
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Figure 2. Percentage of respondents ever consuming alcohol among Adventists and non-

Adventists.

Alcohol consumption was strongly correlated with being a non-Adventist (p<0.001)
as indicated by the large effect size of Phi = 0.85 (Figure 2), however it was not dependent on
male and female genders (p=0.916). Furthermore, Adventists were also significantly less

likely to drink coffee compared to non-Adventists (p=0.001, Phi 0.46).

100%

Percentage of plant-based participants (%)

80% 70%
60%
41%
40%

20%

Adventist Non-Adventist

Figure 3. Percentage of respondents (%) following a plant-based diet among Adventists

and non-Adventists.

There was a significant association (p = 0.02, Phi 0.263) between being an Adventist and the
consumption of a plant-based diet as revealed by the Pearson Chi-square test (Figure 3),
however following a plant-based diet was not significantly associated with the prevalence of
COVID-19 infection at baseline (OR 0.79, 95% CI 0.41, 1.51), although incidence was
significantly influenced by dietary status, which will be discussed in a later section of this

thesis.
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Forty-nine percent of Adventists indicated that they practised fasting and were shown to be
significantly more likely to practice 24-hour fasts at least once a year than non-Adventists
(p=0.001, Phi 0.34). Fasting, however, was not associated with a lower bodyweight.
Including all participants in the analysis, the BMI of those that fasted regularly (Mean 24.6,
SD 5.2) was not significantly different than that of participants who did not practise fasting
(Mean 23.3, SD 4.7) (p=0.10). Compared to participants who never fasted, those in the third
quintile (once every 2 months) of fasting frequency had a significantly lower risk of COVID-
19 at baseline (OR 0.26, 95% CI 0.07-0.094, p=0,039), however fasting frequency only
explained 5.4% of the variance in COVID-19 infection (Nagelkerke R Squared: 0.054).
Other fasting frequencies were not significantly associated with the risk of COVID-19

infection.

4.3.2 Plant-based vs. non-vegetarian

Of the survey participants, 17.3% consumed meat every day and 25% at least 3 times a week.
In contrast, 39.9% of the participants said they did not eat meat at all.

The percentage of adherents to various diet patterns is shown in Figure 4 below. As the figure
indicates, the largest group consisted of participants who ate a varied diet of plant and animal
foods (n=50). The second most popular dietary pattern among participants was the vegan

(n=42) diet, followed by flexitarians (n=27) and vegetarians (n=25).
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DIET GROUPS

Vegan
26%

Omnivore
34%

Vegetarian
16%

Flexitarian
17%

Pescatarian
7%

Figure 4. Percentage of participants (%) following various dietary patterns in the whole

sample.

Multivariate ANOVA showed that Adventists’ body mass index (BMI) (23.2, SD 4.6) was
not significantly different from that of non-Adventist participants (23.2, SD 5.1) (p=0.99).
Similarly, there were no differences in the waist-to-hip ratios between Adventist (mean 0.83,
SD 0.14) and non-Adventist (mean 0.83, SD 0.11) participants either (p=0.89) and neither
were there any significant differences in the waist circumference values between Adventists
(mean 74 cm, SD 15.4 cm) and non-Adventists (mean 78.7 cm, SD 12.7 cm) (p=0.09, Pillai’s

trace p=0.146).

We also compared the mean BMI and waist circumference values between plant-based and

omnivore participants. For this, participants following various dietary patterns were grouped

into two categories of plant-based and non-plant-based groups (Figure 5).
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Figure 5. Comparison of mean Body Mass Index (BMI) between those following plant-

based vs. omnivorous diets.

The independent-samples t-test showed that the mean BMI of those eating a plant-based diet
was (22.51, SD 3.9) significantly lower than that of those eating a more animal-based diet
(25.06, SD 5.7) (p=0.001) and there was no evidence of a linear association between age and
BMI (Pearson’s r =[0.11], p =[0.16]). The Levene’s test confirmed equal variances across

both groups (p=0.11)

4.3.3 The consumption of meat and meat alternatives

The most consumed meat product amongst the study participants was chicken, which was

consumed by 10% of respondents at least once a day. Fish, pork, and other red meat such as

beef or lamb were consumed by 1.9% of participants at least once a day. Over 40% of

participants did not consume meat in this sample.

4.3.4 Physical Exercise
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Figure 6 presents the percentage of participants engaging in regular exercise. Of the 78
Adventists, who answered the question regarding physical exercise, 68% confirmed that they
had engaged in regular physical activity, as opposed to 64% among non-Adventist.
Adventists were just as likely to exercise regularly as non-Adventists (p=0.62).

Exercising regularly at least three days a week was not associated with BMI (p=0.90). Of the
participants, 160 responded to the question assessing the use of an activity tracking

device. Just over 43% reported to have used an activity tracking device, however users of
these devices did not have a significantly different BMI than non-users (p=0.59).
Furthermore, being sedentary did not have an influence on participants’ waist circumference

size (p= 0.84).
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M Exercise regularly M No regular exercise

Figure 6. Frequency (%) of regular exercise between Adventists and Non-Adventists

4.3.5 Meal Timing

No associations between gender and consuming dinner after 6 pm (p=0.31) were shown,
however Adventists were more likely to consume dinner before 6 pm than non-Adventists
(p=0.002). Participants consuming breakfast regularly before 10:00 am had a lower BMI

(Mean 19.3, SD 11) than those consuming breakfast later than 10:00 am (Mean 24.4, SD 4.8),
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however the association was not significant (p=0.50). On the other hand, those participants
who regularly consumed dinner after 6 pm had a significantly (p=0.05) greater BMI (25.2,

SD 5.1) than those eating dinner before 6 pm (23.3, SD 4.8) as shown on Figure 7.
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Dinner before 6 PM Dinner afer 6 PM

Figure 7. Mean BMI of participants eating dinner before vs. after 6 PM

4.3.6 COVID-19 pandemic

At baseline, 165 respondents provided information about previous COVID-19 infection, of
whom 64% stated that they had not been diagnosed with COVID-19 disease, and 36% of
respondents stated that they had been diagnosed with the disease before completing the

survey as shown in Figure 8.
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Figure 8. Prevalence of COVID-19 infection at baseline (expressed as a percentage of

the total sample)

Of those who had tested positive for COVID-19, 84% of participants suffered mild symptoms
and 6% of participants reported no symptoms. It was not possible to examine whether
vaccinated participants had milder symptoms than unvaccinated participants because
information on the date of infection and vaccination was not obtained, so temporality could
not be determined.

The mean BMI of participants with a COVID-19 diagnosis at baseline was 24.4 (SD 4.7),
while the mean BMI of participants who did not have a COVID-19 diagnosis was 23.4 (SD

5.0), but the difference between groups was not significant (p=0.94).

4.3.7 Vaccination rate

Of the 170 participants, 158 answered the questions about COVID-19 vaccinations. At the
time of the baseline survey, 67% of respondents confirmed that they had received at least one
dose of a COVID-19 vaccine, while 33% of respondents had not been vaccinated against

COVID-19. A weak negative association was shown between being an Adventist and having
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at least one COVID-19 vaccination (p=0.05, Phi -0.15) such that Adventists were 23% less
likely to have been vaccinated compared to non-Adventists (OR 0.77, 95% CI 0.54, 0.96),
however ethnicity was not associated with vaccination status (p=0.21). Of all the Adventists

recruited, 45% had not received a COVID-19 vaccine at baseline as shown in Figure 9.

m Adventist m Non-Adventist

VACCINATED NON-VACCINATED

Figure 9. Proportion of vaccinated and non-vaccinated individuals among Adventists

and non-Adventists.

4.3.8 Education and Vaccination Status

Vaccination status was not dependent on education level, as there were no differences in
vaccination rates between those who had at least a university degree and those who did not
attend university (Pearson's chi-square test p=0.791). Furthermore, vaccination status was
also not dependent on gender (p=0.86). Of the 106 vaccinated persons, 76 were female and

30 were male.

4.3.9 Vaccination and Self-Reported Adverse Events
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Among those who had reported receiving a COVID-19 vaccine at baseline, 49.5% reported
experiencing an adverse reaction. The most common adverse effects were fatigue (8 reports),
fever (26 reports), pain at the injection site (21), but menstrual cycle changes were also
reported by 8 women, representing 7.5% of all vaccinees or 10.5% of vaccinated women, as

well as 6 reports of dizziness and 4 reports of abnormal heart rate.

4.3.10 Health Impact of Pandemic Measures

The impact of the pandemic measures on participants' mental health and daily lives were
assessed. Four and a half percent of respondents confirmed a diagnosis of anxiety or
depression after the start of the COVID-19 pandemic and 47.1% of respondents stated that
they had experienced more anxiety than before the pandemic. Furthermore, 37.3% of
participants confirmed that they had felt more depressed after the start of the pandemic than
before. Fifty percent of all respondents answered ‘yes’ to the question “Do you use
meditation as a stress management technique”, and 47% of participants reported to have used
prayer for the same purpose, however all of the Adventists selected prayer as a stress
management technique. Furthermore, there was a significant association between being an
Adventist and practising praying for stress relief (p<0.001, Phi 0.61). Singing (p<0.001, Phi
0.32), reading (p<0.001, Phi 0.741) the Bible as stress management practices were also
associated with being an Adventist. Other commonly used stress management techniques
were exercise, which was practised by 87% of those responding to this question, and talking
to someone, which was utilised by 89% of respondents.

The Pearson Chi-Square test did not reveal a significant relationship between being an

Adventist and feeling more depressed (p=0.19) during the pandemic. It was tested whether

117



exercise frequency was associated with the risk of experiencing depression, however there
was not any evidence of an association (p=0.49).

Adventists were 37% less likely to experience increased anxiety than non-Adventists (OR
0.63 95% CI 0.45-0.86) due to the pandemic. Including Adventist status and plant-based
status in the model, only being an Adventist was significantly associated with the lower odds
of anxiety during the pandemic (p=0.005), while dietary status was not (p=0.636)
(Nagelkerke R Square: 0.76).

Logistic regression confirmed that age was significantly negatively associated with anxiety
experienced during the pandemic such that for each one-year increase in age, there was a
5.4% decrease in the odds of experiencing more anxiety (OR 0.946, 95% CI 0.912-0.982).
Females were almost three times as likely to experience more anxiety in the same model (OR
2.96, 95% CI 1.38-6.37).

Participants’ spiritual lives did not seem to be impacted by the pandemic due to church
closures (p=0.63).

In the overall analysis, being an Adventist was not associated with weight gain during the
pandemic (p=0.31), however vegetarian Adventists were significantly less likely than non-
vegetarian Adventists to increase their weight during the pandemic (OR 0.38, 95% CI 0.17,
0.85). Calorie intake did not seem to impact Adventists and non-Adventists differently
(p=0.97) as most (n=130) participants reported no change in calorie intake during the
pandemic. Only 30 participants stated that they consumed more calories because of the
pandemic, however they were evenly distributed between the two groups.

In general, regular meat eaters in the whole sample were 43% less likely to maintain or lose
weight during the pandemic (OR 0.57, 95% CI 0.42, 0.78).

No significant association was observed between the COVID-19 pandemic and sleep time

(p=0.69).
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Food availability during the COVID-19 pandemic is an important factor that could have
influenced diet and lifestyle since limited access to groceries and commonly consumed food
items may have caused significant changes to participants’ usual lifestyles, potentially
impacting their dietary habits and thus indirectly influencing COVID-19 infection risk. At
baseline, 41% of participants reported that they sometimes faced increased difficulties in
obtaining groceries during the pandemic, and this was not influenced by socioeconomic
status when comparing those with an annual household income of below £29000 to those
with higher income (p=0.34). In addition, food availability did not disproportionately impact
Adventists (p=0.08). By reporting on food availability challenges experienced by participants
during the pandemic, the thesis provides a broader understanding of the external factors that
may have impacted the dietary habits of Adventists and non-Adventists, thereby providing
relevant context for interpreting outcomes relating to COVID-19 disease risk during this

period.

4.3.11 Supplement use and COVID-19

The prevalence of self-reported COVID-19 disease was significantly lower among those
participants who used daily multivitamin supplementation (OR 0.46, 95% CI 0.24, 0.89,
p=0.03). This association shows that multivitamin use might improve immunity and overall
health, thereby lowering susceptibility to infections, including COVID-19. However, it is
important to note that this association does not infer causality, since the association relies on
cross-sectional data and there may be other confounding factors, such as healthier lifestyle
choices among multivitamin users, which might influence COVID-19 risk. Logistic

regression showed that the fifth quintile, representing daily use of multivitamins, showed a
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significant protective effect (p=0.012) with an odds ratio of 0.246 (95% CI 0.08-0.734,
Nagelkerke R Squared 0.119).

Furthermore, supplementing vitamin D at least 2-4 times a week to daily was not associated
with significantly reduced odds of COVID-19 disease (OR 0.510, CI 0.21-1.22). In addition,
vitamin D supplementation did not have a significant effect on self-reported COVID-19
disease severity (OR 3.2, 95% CI 0.735, 13.94) either. Finally, vitamin B12 supplementation
was not associated in any way with the odds of COVID-19 disease (OR 0.97, 95% 0.5, 1.9).
The insignificant findings for vitamin D and B12 could partially be attributed to the lack of
statistical power to detect a significant difference owing to the low number of individuals in
the first quintile of intake (n=23). Also, the questionnaire did not ask participants to provide
the exact doses used of these nutrients, which can also influence the results as certain doses

may not be sufficient to provide protection against the disease.

Only 28% of Adventists supplemented vitamin D, and only 32% used some form of vitamin
B12 supplementation. Adventists were significantly less likely to take vitamin D supplements
(OR 0.72, 95% CI1 0.59, 0.88). In addition, Adventists were significantly less likely to use
protein powders (OR 0.59, 95% CI 0.38, 0.92). Only 10% of Adventist subjects reported
using them regularly. Thirty-four percent of all participants who responded to the question
about protein supplementation stated that they regularly consumed protein supplements (2
days/week to daily). There was a significant association between regular exercise and protein
supplementation, such that those who exercised regularly were significantly more likely to
supplement protein (p < 0.001, Phi=0.340). Multivitamins were used daily by 64 participants.
Adventists were not more likely to use dietary supplements (p=0.58), however subgroup
analysis suggested that plant-based Adventists were significantly less likely to take

multivitamin (OR 0.33, 95% CI 0.12, 0.91) supplements than omnivore Adventists
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Plant-based participants used more B12 supplementation than those eating meat on a regular
basis (p<0.001, Phi=0.332) when considering all participants in the analysis.
Finally, almost a third of the Adventist respondents used herbal supplements regularly

(p=0.51).

4.3.12 Food Items and the risk of COVID-19 disease

The risk of COVID-19 disease among the highest and the lowest consumers of specific food
items is included in Table 4. These food items were selected because they showed sufficient
contrast in consumption patterns, with enough participants falling into the extreme high and
low consumption categories. In other words, these were the food items that had enough
participants in the extreme categories based on the frequency of consumption to be able to
compare disease outcome rates between the highest vs. lowest groups, whereas the rest of the
food and drink items did not have sufficient contrasts, and most consumers tended to fall into
the same quintile or quantile of consumption.

Most foods and beverages did not have a statistically significant influence on the risk of
COVID-19 as indicated by the 95% CIs crossing 1, however red meat and alcohol
consumption were significantly associated with COVID-19 risk. Participants who ‘ever’
consumed alcohol had a 34% increased risk of disease compared to those who reported never
consuming alcohol, whilst consuming red meat at least on a weekly basis had almost a two-
and-a-half-times higher risk of having a COVID-19 diagnosis than those consuming it less
often.

Including both alcohol consumption and red meat intake in the logistic regression model
showed that 8.9% of the variance in COVID-19 infection could be explained by these two

variables (Nagelkerke R Square: 0.089).
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Table 4 Odds Ratios (OR with 95% confidence intervals) of highest vs. lowest consumers of food

items and the risk of COVID-19 disease

Food item COVID-19 disease (OR, 95% CI)
Cow’s Milk 0.97 (95% C1 0.36, 2.65)

Whole Grain bread | 0.94 (95% C10.32,2.77)

Oats 2.83 (95% C1 0.55, 14.72)

Lentils and pulses

1.57 (95% C1 0.52, 4.71)

Fruits 0.62 (95% C10.16, 2.49)
Nuts 2.50 (95% C1 0.91, 6.80)
Alcohol 1.34 (95% CI1 1.13, 1.50)
Chicken 1.70 (95% C1 0.81, 3.55)
Fish 0.90 (95% C10.28, 2.92)
Coffee 1.80 (95% C1 0.74, 4.37)
Herbal Tea 0.75 (95% C1 0.46, 1.92)
Red meat 2.37 (95% CI1 1.06, 5.29)
Butter 1.21 (95% C1 0.41, 3.56)

4.3.13 2-year follow-up

The follow-up survey was sent to all consenting participants via email and contained 11

questions, mostly collecting information about COVID-19 infection incidence and symptom

severity, change in dietary supplement use, and uptake of additional COVID-19 vaccination

during the follow-up period. The full list of questions included in the follow-up survey is

shown in Appendix 8. The questionnaire was filled in by 154 out of the 170 individuals who

completed the baseline questionnaire, which means 16 were lost to follow-up. Of those
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participants who did not respond to the follow-up survey, 4 were Adventists and 12 were
non-Adventists, which means data were available for 82 Adventists and 72 non-Adventists in

total.

4.3.13.1 Infection incidence

With regard to COVID-19 disease risk, there were no significant differences in COVID-19
prevalence between the two groups (p=0.13), however 11 Adventists and 19 non-Adventists
reported having had a COVID-19 infection during the observational period, which represents
a significantly lower infection incidence among Adventists (OR 0.45, 95% CI1 0.2, 1.0,
p=0.05). This meant that the disease incidence rate among Adventists was 65.48 per 1,000
person-years and 121.79 per 1,000 person-years among the non-Adventists. Ethnicity was not
associated with COVID-19 risk among Adventists (p=0.19).

Ten participants (33.3%) were plant-based, and twenty (66.7%) were meat-eaters of those
who reported a COVID-19 infection during follow-up. Using logistic regression analysis, we
analysed the risk of COVID-19 infection with diet (vegetarian vs. omnivore) and religious
affiliation (Adventist or not) included in the model, which showed that 92% of the variance in
COVID-19 infection could be attributed to these two predictor variables (Nagelkerke R
Square 0.92). The results of the logistic regression analysis showed that diet was the only
significant predictor of COVID-19 infection (OR 0.39, 95% CI 0.16, 0.94), whilst being an
Adventist wasn’t (OR 0.55, 95% CI 0.23, 1.3). Furthermore, in a separate model including
dietary status (plant-based vs. omnivore), religious affiliation (Adventist vs. non-Adventist)
and vaccination status (vaccinated vs. unvaccinated), the only significant association found
was for a lower risk of COVID-19 among plant-based participants (p=0.03, OR 0.38 95% CI

0.16-0.93), whereas the effects of religious affiliation (p=0.17) and vaccination status
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(p=0.79) were not significant. There was no evidence of multicollinearity as the highest VIF

value was 1.14 and the lowest Tolerance value was 0.88.

4.3.13.2 Vaccine uptake

During follow-up, 6 of the Adventists and 9 of the non-Adventists took a new dose of a
vaccine against COVID-19 infection, but the difference was not statistically significant
between the groups (p=0.28). Moreover, no differences in vaccination rates were found

between vegetarians and non-vegetarians (p=0.89).

4.3.13.3 Symptom severity

The proportion of participants experiencing mild, moderate, and severe symptoms of the
infection are presented in Figure 10.

Ten participants reported mild symptoms such as a slight cough, mild fever, or fatigue. Eight
participants reported experiencing moderate symptoms that included persistent cough,
moderate fever, and noticeable fatigue that limited daily activities. Finally, 12 participants
reported experiencing severe symptoms such as difficulty breathing, high fever, severe
fatigue, and chest pain. A borderline statistically significant negative association was shown
between vegetarian status and severe COVID-19 by multinomial logistic regression with a
chi-square of 5.828 (2 df, n=30, p=0.05). Nagelkerke's R-squared value showed that 19.9% of
the variance in COVID-19 symptom severity could be explained by plant-based or omnivore
status. However, the odds ratios were non-significant for vegetarian status and mild ((Exp(B)
=0.222, 95% CI1 0.02, 2.42) or moderate symptoms ((Exp(B) = 3.33, 95% CI 0.515 to

21.584) compared to severe symptoms in comparison to meat-eaters.
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4.3.13.4 Long COVID symptoms

Participants were also asked whether they experienced any persistent symptoms of COVID-
19 following infection. Eight Adventists and twenty non-Adventists reported suffering from
symptoms that persisted and remained for a longer period after the initial infection, a
difference which was significant between the groups (OR 0.30, 95% CI1 0.12, 0.78, p=0.01).
The most common of these persistent and longer lasting symptoms of COVID-19 were
shortness of breath, pain in the chest, difficulty breathing, decreased performance in the gym,

and less energy.

Severe Mild symptoms

symptoms (n=10)
(n=12)

Moderate
symptoms
(n=8)

Figure 10. Number of participants reporting mild, moderate, and severe COVID-19

symptoms during follow-up.

4.3.13.5 Diet supplement use
Participants were asked whether they had started taking any new dietary supplement since the

first survey. In total, 55 individuals started taking dietary supplements between the first and
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second surveys. Adventist status was not associated with taking new supplements (p=0.47),
however plant-based participants were almost 4 times more likely to start taking new
supplements than omnivores (OR 3.88, 95% CI 1.87, 8.07, p<0.01). Twenty-eight of the
respondents confirmed having started taking vitamin D during the follow-up period, whilst
eight began using vitamin B12 and ten started taking a type of multivitamin. Zinc
supplementation was started by 7 participants, but the rest of the reported new supplements
such as NAD, probiotics, creatine, nattokinase, iodine, omega 3, ashwagandha or vitamin C

were each started by less than 5 individuals.

4.4 DISCUSSION

This is the first study to investigate the prevalence and incidence of COVID-19 infection

among Adventists living in the United Kingdom.

4.4.1 Plant-based diet and COVID-19 risk

This study showed that being an Adventist and following a plant-based diet were associated
with a lower risk of COVID-19 disease, however the usefulness of restrictive diets such as a
vegan diet is often called into question due to potential concerns regarding long-term
adherence, however 81% of vegans included in this study reported to have followed their diet
for over a year, with 38% of them eating this way for over 3 years. This is in line with the
results previously published of 292 adults following restrictive diets and found that vegans
and vegetarians showed particularly high adherence (Cruwys et al., 2020). According to this
study, social identity positively predicted adherence, whereas weight loss management was a

negative predictor. Vegan and plant-based diets are a moral choice for many, which is a
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likely contributor to long-term dietary adherence. This is also relevant in the context of
COVID-19 disease prevention, since evidence suggests that consuming the diet for a longer
period is associated with greater effects on inflammation (Menzel et al., 2020). In the study
by Menzel et al. (2020) vegetarians who followed their diet for longer than 10 years had
significantly lower CRP levels than omnivores who had been eating an omnivorous diet for

over 10 years, with the effect showing weaker association for less than 10 years.

The follow-up questionnaire revealed that a number of participants experienced persisting
symptoms of COVID-19, also known as long COVID. The study showed that one of the most
frequently reported symptoms of long COVID was fatigue and breathing difficulties. This
finding agrees with the results of the study conducted by Kim et al. (2023), who surveyed 132
participants and showed that the most common long COVID symptom experienced by

participants was fatigue (34.8%).

4.4.2 Food items and disease risk

This study showed a potential association between a higher risk of self-reported COVID-19
infection and alcohol consumption and red meat intake. It is evident from the published
research studies that diet quality can modulate the risk of COVID-19 disease. Data from over
half a million participants showed that the risk of severe COVID-19 disease was 41% lower
for participants following a healthy plant-based diet, although this study did not investigate
the relationship between COVID-19 infection and specific food items (Merino et al., 2021).
Although the risk of COVID-19 was not significantly associated with fruit consumption,
previous studies suggest a potential link. Merino et al. (2021) in their prospective cohort

study examined the potential association between COVID-19 disease risk and severity and
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diet quality. With regard to fruits and vegetables, the study showed COVID-19 infection risk
was 9% lower among the highest consumers of fruits and vegetables, and it also showed a

reduction in severe COVID-19 infection risk by 41% among the same individuals.

On the other hand, a recent study from the UK Biobank cohort (Vu et al., 2021) specifically
reported on the association between the consumption of food items and the prevalence of
COVID-19 and it showed that individuals who consumed processed meat had a 9% higher
risk of testing positive for COVID-19. However, the study also revealed that those who
regularly consumed coffee and vegetables as part of their diet appeared to have a lower risk
of contracting the virus. In addition, Kim et al. (2021) conducted an online survey among
healthcare professionals from 5 major European countries as well as the USA, who were
heavily exposed to patients with confirmed COVID-19, based on sharing information about
their demographics, diet, and COVID-19 status. The study assessed how the risk, severity,
and duration of COVID-19 are associated with differences in diet quality. There was a total
of 568 confirmed COVID-19 cases, 138 of whom had a moderate to severe course, while the
remaining 430 presented with mild symptoms. The results indicated that poor adherence to
plant-based or pescatarian dietary patterns was linked to a 73% and 59% increased risk of
moderate to severe symptoms, while adherence to low carbohydrate diets, which are also
high in protein content, was associated with a significantly increased risk of experiencing
moderate to severe COVID-19 infection (OR 3.86, 95% CI 1.13 to 13.24). However, no
association was found between diet and the risk of COVID-19 infection or the duration of the

disease.

These findings shed further light on the potential impact of dietary choices on the

susceptibility to COVID-19 infection and suggest that dietary choices may have an impact on
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the severity and duration of COVID-19 infection as well as on the risk of contracting the
virus. Several studies have been conducted to assess the diet and nutrient status of Seventh-
day Adventists. The results of these studies consistently reported that Seventh-day Adventists
had higher intakes of fruits, vegetables, whole grains, and legumes and consumed less meat
and dairy products compared to the general population which may contribute to their overall
health, which has been confirmed in this study as well by the lower COVID-19 incidence

observed among Adventists.

4.4.3 Alcohol Consumption and Smoking

The Adventist lifestyle places great emphasis on abstaining from cigarettes and alcohol and it
is a condition of church membership. Of the Adventists surveyed in this study, only one
person reported being a current smoker, but the majority of Adventists were non-smokers.
Most alcohol consumers were non-Adventists. This is consistent with the findings of Leibow
and Morton (2020) who confirmed that Adventists have a low smoking rate based on
available data.

Despite the low number of individuals in this cohort, who regularly consumed alcohol,
alcohol intake was still significantly associated with increased COVID-19 risk when
comparing ‘ever’ consumers to ‘never’ consumers, which shows that a potential mechanism
for the lower COVID-19 incidence among Adventists observed in this study may be related
to their low alcohol intake. Data about the association between alcohol consumption and the
risk of infectious diseases and COVID-19 are somewhat mixed. For instance, data from the
large-scale UK Biobank study showed that being an ex-drinker compared to a never drinker
was associated with increased risk of death of both infectious disease (HR: 1.29, 95% CI

1.06—-1.57) and pneumonia (HR 1.35, 95% CI 1.07-1.70), but not COVID-19 disease (Huang
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et al., 2022). However, current drinkers who did not consume more alcohol than defined in
the guidelines had a lower risk of death from COVID-19. Another large-scale cohort study in
agreement with the UK Biobank data showed that alcohol consumption was not associated
with higher COVID-19 infection risk, although drinking above the guideline limits increased
the risk (Hamer et al., 2020). This study showed that the most significant lifestyle factors that
were associated with an increased COVID-19 risk were smoking, lack of physical activity
and obesity, all of which are lifestyle factors associated with Adventism.

It may be that not all alcoholic beverages have the same impact as suggested by the result of
Dai et al., (2022), which showed in a cohort of almost half a million participants that wine
and champagne seemed to be protective against COVID-19 disease, whereas beer, spirits and
cider showed negative effects, although long-term alcohol consumption also showed negative
effects on the risk of COVID-19 disease and mortality. Considering all of the studies, it
seems likely that alcohol consumption increases the risk and severity of COVID-19 infection
based on the results of the meta-analysis published by Wei et al. (2023).

The results of this study suggest that Adventists widely adhere to their health principles of
abstaining from harmful substances such as cigarettes and alcohol. Their commitment to a
healthy lifestyle through the avoidance of smoking and alcohol is evident in the data collected
for this study and in the studies cited previously, and they may partly be responsible for the
lower COVID-19 incidence observed in this study.

Despite a number of similarly designed studies (Booranasuksakul et al., 2019 and O'Donovan
et al., 2021) also reporting that alcohol consumers had a higher BMI and waist-to-hip ratio,
this present study did not find such an association. As most alcohol consumers in this sample
were non-Adventists, this result is mainly driven by them, however a potential reason for the
lack of association between BMI and alcohol consumption is that even the non-Adventists

practised healthy lifestyle habits, which may have protected participants against the harmful
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effects of alcohol. Moreover, of the participants who drank alcohol, only 2 individuals
reported consuming alcohol 3-5 times a week, the rest (n=103) only consumed it on special

occasions, which likely poses a lesser risk for an increased BMI.

4.4.4 Supplements

Of the Adventists surveyed in this study, only 32% reported having taken B12 supplements.
This is somewhat of a concern as vitamin B12 deficiency can result in severe neurological
and haematological disorders (Ankar and Kumar, 2022). However, many of these participants
may not have been vegans, so vitamin B12 supplementation may not have been important for
the majority of Adventists. The results of a cross-sectional study published in 1999 (Hokin
and Butler, 1999) found that of the 340 Australian Seventh-day Adventist ministers surveyed,
245 ate a plant-based diet and did not regularly take vitamin B12 supplements. In this study,
53% of plant-based participants were identified as having vitamin B12 concentrations below
the reference range (171-850 pmol/L).

A previous analysis of 728 members of the AHS-2 cohort published in 2018 examined the
association between serum vitamin B12 levels and its intake from different food sources
(Damayanti et al., 2018).

Vegans had an average vitamin B12 intake from supplements of 96.0 mcg/day, meaning that
their daily intake was almost double that of non-vegetarians. Despite the lower total daily
intake of vitamin B12 among non-vegetarians, it was still orders of magnitude higher than the
recommended daily intake of 1.5 mcg - 2.4 mcg/day set out in international guidelines
(National Institutes of Health, 2022 and NHS Choices, 2020).

The serum vitamin B12 concentrations of participants in this study were not determined,

which means that the percentage of participants in this sample who were vitamin B12
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deficient could not be assessed, as the low prevalence of vitamin B12 supplement intake does
not necessarily mean that participants are not consuming adequate amounts of the vitamin
from animal and fortified foods, as was found in the study with participants from the AHS -2

cohort discussed previously.

4.4.4.1 Supplement use and COVID-19 risk

Regular vitamin D supplementation did not reduce the likelihood of COVID-19 disease or the
severity of disease in those who tested positive, although participants were not asked the
exact dosage of vitamin D they used. In addition, participants' vitamin D levels in serum
could not be measured, which would have been important as Kaya et al. (2021) previously
showed that low levels of vitamin D in serum increased the risk of COVID-19 by 64% (OR:
1.64 95% CI: 1.32-2.04; p < 0.001). The most commonly recommended dose of vitamin D in
the UK for prevention purposes being 400 international units (IU) (NHS West Essex, n.d.),
which may not be sufficient to correct deficiencies and prevent the more serious
complications of COVID-19. A review article published in Nutrients early in the pandemic
suggested that 10,000 IU of vitamin D should be taken daily at least for a few weeks to
increase serum concentrations of 25(OH)D to 40-60 ng/mL, followed by 5,000 IU as a
maintenance dose (Grant et al., 2020). As participants were only asked about how often they
supplemented vitamin D and not the specific dose, we were not able to determine the average

vitamin D dose used by the participants in this sample.

A quasi-experimental study published in 2020 (Cedric et al., 2020) administered a single dose
of 80000 IU vitamin D as an intervention to elderly patients who had tested positive for Sars-

Cov-2 virus suggesting that the administration of a 80000 IU dose of vitamin D had a positive
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impact on the mortality rate of elderly patients infected with the virus. During the 36-day
follow-up period, the intervention group (17.5%) was reported to have experienced a
significantly lower mortality from COVID-19 compared to the control group (55.56%)
(p=0.023). Although it is worth highlighting quasi-experimental studies have important
limitations that may impact the validity and generalizability of their findings, therefore results
from well-designed randomized controlled trials are needed to provide evidence on the
potential benefits of vitamin D supplementation in COVID-19 patients.

Furthermore, Shah et al., (2022) synthesized the available evidence in the form of a
systematic review on the potential association between vitamin D supplementation and the
risk of COVID-19 infection and mortality and showed a 52% reduction in mortality as a
result of vitamin D supplementation (OR: 0.48, 95% CI: 0.346-0.664; P < 0.001).
Additionally, the review also highlighted that vitamin D supplementation reduced the need
for mechanical ventilation by 46% (OR: 0.54; 95% CI: 0.411-0.708; P < 0.001) indicating
that individuals receiving vitamin D supplementation were less likely to require respiratory
support. Furthermore, Nikniaz et al. (2021) provided further support for the beneficial effects
of vitamin D supplementation. The meta-analysis included data from 4 different clinical trials
and revealed that vitamin D supplementation reduced mortality by 76.3% (OR 0.264, 95%
CI=0.099-0.708).

Given the importance of maintaining appropriate levels of vitamin D in mitigating COVID-
19 risk the minimal effective dose should be established for COVID-19 disease prevention
with special consideration for correcting deficiencies, therefore, studies in the future should
focus on evaluating the effectiveness of various dosage strategies in preventing COVID-19

complications and improving survival rates.
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4.4.5 Vaccination

This study showed that Adventists had a significantly lower likelihood to be vaccinated than
non-Adventists as nearly 62% of all participants received two doses of a COVID-19 vaccine,
however 45% of Adventists were not vaccinated against the infection at baseline. Therefore,
62% vaccination rate at baseline in this sample demonstrates a significant level of vaccine
uptake, but it is mostly driven by non-Adventists. These results agree with the observations of
Kasstan (2021), who found that members of minority religious groups tend to have lower
vaccination rates. This observed disparity regarding vaccine uptake between Adventists and
non-Adventists, could possibly be due to potential differences in beliefs, attitudes, or access
to vaccination between the two groups. A previous study with data from over 24 million
individuals living in the UK showed that vaccination rates were lowest among Black Africans
and Caribbeans (Gaughan et al., 2022), however ethnicity in this cohort was not associated
with vaccination status. This is relevant since the majority of Adventists in this cohort were
of Black African and Caribbean ethnicities, which may partly explain the lower vaccination
rate observed for Adventists. In addition, religious beliefs have also been shown to negatively
influence intention to vaccinate, especially among Christian groups (Tiwana and Smith,
2024). Furthermore, data from other studies suggests that Adventists may have a low
perception of threat of COVID-19 disease (Botabara-Yap et al., 2023), which may negatively
influence vaccination rates according to the Health Belief Model. The relationship between
willingness to be vaccinated and perception of COVID-19 susceptibility has been
investigated in a recent meta-analysis, which showed that parents who had perceived
COVID-19 infection to pose a greater threat were more willing to vaccinate their children
against the disease (Galanis et al., 2022). This meta-analysis also revealed that confidence in

the vaccine was another important predictor of vaccination, however perceptions of the
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COVID-19 vaccines were not assessed in this study. These potential factors influencing
vaccine related decisions among Adventists warrant the need for further investigation in
future research, which could highlight the importance of targeted approaches to addressing
concerns and potential misconceptions held by members of this group concerning COVID-19
vaccines. Vaccine hesitancy due to a fear of side-effects have been shown in other studies
(Ljaji¢ et al., 2022 and Candio et al., 2023). However, these findings are in somewhat of a
contrast with the results of some studies which have recruited other religious groups. An
article published in Science Advisor by Wadman (2020) showed that senior Catholic leaders
living in the US and Canada opposed the COVID-19 vaccines, which were still in
development, because of the use of human aborted fetal cell lines used during the
manufacturing and development process, which constitutes an ethical or moral objection
rather than a safety concern. Moreover, a study involving Malaysian muslims showed that the
majority of participants viewed halal certification of the COVID-19 vaccine as a more
significant factor influencing their vaccination decision than concerns about vaccine safety
(Wong et al., 2022). Jewish participants in the study conducted by Kasstan (2021) expressed
concerns about the perceived coercive nature of the public health initiatives surrounding
COVID-19 vaccination campaigns, although concerns about possible side-effects were also

common.

As seen above, there is a wide range of potential reasons behind vaccine hesitancy, therefore
perceptions of UK based Adventists were further explored in the educational intervention

study described in Chapter 6 of this thesis.

Regarding vaccine side effects, almost half of the participants receiving at least one dose of a

COVID-19 vaccine reported experiencing an adverse event. Another cross-sectional study
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(Biissing et al., 2022) conducted in Poland found that 25% of Adventists rejected COVID-19
vaccination, however less than 1% of all study participants experienced such severe
symptoms of COVID-19 that they required hospital treatment, which suggest that despite the
lower vaccination rate, the majority of Adventists did not experience severe symptoms of
COVID-19 infection, which confirms the findings of this present study.

Most adverse events related to the vaccine were mild, however the reports of abnormal
menstruation could be considered somewhat of a concern. The results regarding to the
increased rates of abnormal menstruation following vaccination are confirmed by Edelman et
al. (2022) study published in The British Medical Journal, which analysed data on 19,622
females, who used an application for menstrual cycle tracking. The results of the study
showed that COVID-19 vaccination was linked to a change in the length of the menstrual
cycle. Furthermore, a report (Wong et al., 2022) sponsored by the Centres for Disease
Control and Prevention (CDC) of the United States, published in September 2022 described
that 63 815 of the respondents in the v-safe surveillance system, which has been set up to
monitor COVID-19 vaccine safety, reported irregularities in menstruation or vaginal

bleeding.

4.4.6 Anthropometric measures and infection risk

Although COVID-19 infection prevalence and BMI were not associated significantly in this
study, other observational studies have suggested a potential association, including a
systematic review and meta-analysis (Malik et al., 2020) published early in the pandemic in
July 2020, which found that the prevalence of COVID-19 disease among patients with a BMI
of 25 kg/m?2 or higher was almost two times higher than amongst the patients with a BMI of

less than 25 kg/m?2.
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The present study showed that the BMI of plant-based eaters were lower than that of
participants consuming a diet inclusive of animal products, which is in agreement with other
previous studies that included Adventist populations, and it may be an important factor that is
responsible for the apparent lower COVID-19 infection risk among Adventists. A cross-
sectional analysis of AHS-2 (Jaceldo-Siegl et al., 2019), which only included Hispanic/Latino
Adventists found that among the 3475 participants surveyed, vegans and vegetarians had
significantly lower BMI (23.58 and 25.24 respectively) than non-vegetarians (BMI 27.50).
Lower BMI is particularly relevant in the context of COVID-19 disease, as obesity has been
identified as a major risk factor for infectious diseases, including COVID-19 (Albashir,
2020). Although, the BMI in this study was not significantly different between Adventists
and non-Adventists, likely due to the fact that both groups included health-conscious
individuals since both groups’ mean BMI was under 24, which is considered normal weight
(Weir and Jan, 2023). Therefore, it is not a surprise that BMI was not significantly associated
with COVID-19 infection prevalence in this sample.

In terms of COVID-19 and the severity of its symptoms, a large-scale analysis (Gao et al.,
2021) involving data from over 6.9 million participants who had tested positive for the
disease, revealed that there was a linear increase in hospitalisation, mortality, and ICU
admission rates as BMI increased from 23 kg/m2. At follow-up, Adventists had a lower
infection incidence, and vegetarians had a borderline statistically significantly lower risk of
experiencing severe symptoms of COVID-19. This confirms previous findings such as the
study published by (Kim et al., 2021), which showed that eating a plant-based diet was
associated with 73% lower odds of experiencing moderate to severe symptoms of COVID-19
infection. Plant-based diets have been shown to reduce the levels of pro-inflammatory
cytokines, which may explain the potential protective effects of plant-based diets concerning

COVID-19 severity (Storz, 2021).
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These studies suggest that the maintenance of a healthy body weight may play a role in
mitigating the severity and risk of COVID-19. Therefore, adherence to the principles of the
Adventist lifestyle may provide protection against the infection as it prioritizes a healthy
lifestyle, with principles that include regular exercise and the consumption of a balanced diet
in order to maintain a healthy BMI, which has been shown to reduce the likelihood of

experiencing severe complications caused to COVID-19.

An important lifestyle habit that may have contributed to the Adventists’ normal BMI is
fasting as they were shown to be more likely to practise fasting as compared with the non-
Adventists. Fasting is mentioned a number of times in the Holy Bible and has been practised
by adherents of both of the Biblical religions, Judaism and Christianity. Adventists are also
encouraged to practise fasting (Wilson, 2021), albeit it is not a requirement of membership.
Church members are often made aware of the potential dangers of going without any food for
an entire day or longer, therefore meal skipping is practised even more widely by church
members. In fact, Ellen G. White advocated for the practice of intermittent fasting as a
natural health remedy, although she did not use the exact term. However, she did emphasize
that periods of abstinence from food can alleviate the burden on digestive organs and promote
recovery, even in the form of skipping a meal or two (White, 1905), which aligns with the
definition of intermittent fasting if done intentionally (Zeballos and Todd, 2020). In the same
book, Ellen White further suggested that adopting a simple diet of fruits, whilst excluding
stimulants, for a short period of a few days could bring healthful relief, which can also be
considered a version of intermittent fasting with a more severe restriction of calories.

Fasting and intermittent fasting have both been associated with a number of positive health

outcomes such as the prevention of chronic diseases like hypertension or metabolic syndrome
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(Michalsen and Li, 2013) as well infectious diseases like COVID-19 (Horne et al., 2022). In
this cohort of US adults, those fasting periodically had an almost 40% lower risk of death or
hospitalisation due to COVID-19 infection (HR=0.61, 95% CI 0.42 to 0.90) compared to
participants who never fasted (Horne et al., 2022). These findings confirm the results of this
study, since we showed a significantly lower COVID-19 disease risk among those who fasted
every other month compared to non-fasters. These findings suggest that the positive effects of
the Adventist lifestyle observed in the scientific literature may partly be explained by the

common practise of fasting.

4.4.7 The influence of the Adventist diet and lifestyle on mental health during the

pandemic

It is important to emphasize that plant-based diets in this present study were not shown to
have an impact on the risk of depression or anxiety experienced during the pandemic, which
is in agreement with the results of a previous systematic review of 13 studies (Askari et al.,
2020), which did not show any associations between vegetarian diets and depression or
anxiety. On the other hand, a cross-sectional study (Beezhold et al., 2010) found that
vegetarians reported fewer negative emotions despite the lower intake of EPA and DHA, both
of which are omega 3 fats. These results may be relevant in the context of a plant-based diets

that exclude fish which are direct sources of these long chain fatty acids.

Another meta-analysis (Nucci et al., 2020) showed that higher red meat consumption
increased the risk of depression, while a systematic review found that abstaining from meat
was linked to a higher risk of psychological health in some studies, however this study was

funded by the Beef Checkoff (Dobesek et al., 2021), which may raise some concerns about
139



sponsorship bias in the study. Alpha-linolenic acid (ALA) intake is a major source of omega
3 fats in plant-based diets, and it may play a role in mitigating the risk for mental health
problems among vegans since higher intakes of the nutrient have been shown to lower the
risk of depression (Lucas et al., 2011), but further intervention trials are needed in order to

investigate causality.

This present study found that Adventists experienced less anxiety during the COVID-19
pandemic. Although not in the context of COVID-19, but Beezhold et al. (2010) investigated
the relationship between mood states among vegetarian and non-vegetarian Adventists and it
showed that vegetarian Adventists were significantly less likely to report negative emotions
than omnivores, which suggest that the plant-based diet followed by Adventists has an

important role in their emotional well-being.

Furthermore, the practice of prayer was found to be a prominent stress management
technique, and it was widely practised among the participants, which may have contributed to
the lower anxiety experienced by Adventists during the pandemic. There have been studies
investigating the potential effects of prayer on anxiety, with some studies suggesting a
reduction in anxiety symptoms among individuals who prayed on a regular basis (Shultz,
2015). Therefore, it is possible that the combination of the Adventist lifestyle, with its
emphasis on vegetarianism and prayer, may have worked synergistically to alleviate anxiety
in the face of the COVID-19 pandemic. It is worth considering that these findings expand our
knowledge of the impact of the Adventist lifestyle on anxiety by suggesting that in addition
to diet and lifestyle, prayer as a stress management technique alleviate anxiety symptoms and

these findings may have implications beyond the context of the COVID-19 pandemic. In
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addition to a healthy diet and prayer, a strong social support network may also be a key factor
in a pandemic.

The lower anxiety observed among the Adventists could have also contributed to their lower
COVID-19 incidence as suggested by Ayling et al. (2022), who showed that greater
psychological distress during the pandemic was associated with higher risk of COVID-19
infection.

In this regard, it may be somewhat of a surprise, but this study found that the spiritual life of
Adventists was not impacted negatively by the church closures. A potential explanation for
this phenomenon is that churches utilised digital media platforms for sermons, bible studies
and regular meetings to help church members stay connected and engaged as suggested by a
study conducted in Poland. That particular study showed that the pandemic led to a notable
increase in media production and in use of some digital media formats produced by the
church. These efforts were implemented in response to the challenging social circumstances
created by the pandemic and in response to discriminatory laws that restricted the ability of
churches to congregate (Kotodziejska, 2021). The beneficial impact of attending religious
activities online during the pandemic were further confirmed by Shiba et al., 2022, who
showed that attending religious activities online during lockdown was associated with higher

life satisfaction and a lower risk of thoughts about self-harming.

4.4.8 Meal timing

The survey contained questions pertaining to meal timing to investigate whether energy
intake in the morning or in the evening was associated with BMI in the sample as data on
meal timing could also provide important insights into the lifestyle and dietary behaviours of
Adventists. The results showed that those consuming breakfast before 10:00 am had lower

BMI than those who consumed breakfast later or skipped it entirely, however the results were
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not statistically significant. Consuming dinner after 6 pm, however, was associated with a
higher BMI. A meta-analysis published in 2022 summarised the results of observational
studies and showed similar results (Zou et al., 2022). The review included 17 cross-sectional
surveys, as well as a case-control study, and 2 cohort studies, and the results revealed that
higher energy intake around bedtime was associated with a 19% increased risk of adiposity.
Breakfast consumption has been linked to better satiation (Castro, 2004) and a reduction in
overall energy intake throughout the day as compared to late night eating (Cabhill et al., 2013).
These factors are thought to contribute to the positive effect of consuming breakfast on body
weight. Cahill et al. (2013) et al. showed that skipping breakfast was associated with a 27%
increased risk of CHD, however it may also influence COVID-19 infection risk. Yokoro et al.
(2021) showed among 146 female university students that the risk of COVID-19 was greater
among those who skipped breakfast, with the authors also raising concerns about the negative
effect of breakfast skipping on muscle mass.

Obesity and metabolic disorders have been shown to impair immune response and increase
the severity of infectious diseases, including COVID-19. These findings suggest that meal
timing, as part of the Adventist lifestyle, could have indirect effects on infectious disease risk

by promoting metabolic health.

4.49 Meal frequency

Eating more than 3 meals a day has been linked to an increase in chronic disease risk factors
(Paoli et al., 2019), possibly due to it leading to excessive caloric intake. A re-analysis of the
AHS-2 study with data of 50,660 adult church members showed that eating no more than 2
meals a day was linked to yearly reductions in BMI (Kahleova et al., 2017). On the other
hand, a cross-sectional analysis published in 2001 (Titan et al., 2001) suggested that

consuming 6 or more meals a day was associated with lower total and LDL cholesterol levels,
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although the actual difference in cholesterol values between participants was 0.15 mmol/L
after adjusting for confounders, which may not have clinical relevance. Furthermore, a cross-
sectional analysis of a subsample of the Malmo Diet and Cancer cohort (Holmbéck et al.,
2010) showed that eating more meals in a day was associated with a lower BMI, however the
authors noted that those eating more meals in a day consumed significantly more fibre,
carbohydrates, and protein as well as less fat and alcohol. In this cohort, the consumption of
more than 3 meals a day was associated with less snacking.

Diet quality and the prevalence of snacking may explain the seeming contradiction between
the association of meal frequency and adiposity such that higher meal frequency is only
associated with adiposity if the meals contain more snacks, and dietary fat and fewer protein
and carbohydrates. Meal frequency may also be a relevant component of the Adventist
lifestyle, even in the context of COVID-19 prevention, since it can prevent excessive caloric
intake and may improve metabolism, factors which are important in immune function
(Doctrow, 2022). By contrast, the emphasis within the Adventist lifestyle on moderation in
eating, including fasting, meal skipping and lowering the frequency of meals, may offer
benefits for both metabolic health and immunity, potentially contributing to lower risks of

infectious diseases.

4.4.10 Physical Exercise

The rate of regular physical exercise was similar in both non-Adventists and Adventists. The
68% who reported to have exercised regularly among the Adventist participants is in great
contrast with the results of a cross-sectional study by Galvez et al. who surveyed Seventh-day
Adventist living in Manilla, Philippines, and showed that only 0.3% of Adventists indicated

that they thought regular exercise was necessary (Galvez et al., 2021)._
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Regular physical exercise is certainly a fundamental tenet of the Adventist lifestyle, and in
cohorts where it is widely practised, it is linked to a significantly lower risk of mortality. The
Adventist Mortality Study recruited 9484 males in the 1960s and a lower all-cause and
disease-specific mortality rates were observed for those engaging in moderate exercise at the
26-year follow-up (Lindsted et al., 1991). Regular physical activity has been shown to lower
the risk of COVID-19 infection by 11% and lower the risk of mortality by over 40% (Sallis et
al., 2023), which highlights the potentially protective effect of this important aspect of the
Adventist lifestyle against COVID-19. However, there have not been any published studies

on this association in Adventist cohorts.

A useful tool for tracking physical activity is the use of an activity tracking device, however
the results did not provide evidence that the use of an activity tracking device is associated
with lower BMI in this study. This is somewhat surprising as a recent meta-analysis found
that health wearable devices are an effective intervention to reduce body weight and BMI in
randomised controlled trials (McDonough et al., 2021). Information from cross-sectional
studies such as the data in this present study concerning activity devices, where follow up
information for participants was not available may explain the lack of association observed in
this study. In addition to the lack of observational period, participants were not asked about
the length of time they had been using the activity tracking device, and it is likely that some
participants had only begun to use the device not long before study launch. It could further be
hypothesized that already overweight or obese subjects were likely recommended to start

using an activity device as part of a weight-loss program (Felling, et al., 2021).

Furthermore, activity tracking devices such as wearable smart watches can be useful in the

context of COVID-19 disease as they are often able to monitor heart rate, oxygen saturation
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and body temperature and have even been tested for their accuracy of identifying early phase

COVID-19 infections as well as for patient monitoring (Channa et al., 2021).

4.4.11 Food availability during the pandemic

Over 40% of the sample population surveyed reported experiencing difficulties with food
availability, defined as facing challenges in accessing an adequate supply of food, during the
pandemic, with no differences between Adventists and non-Adventists. This is relevant since
food availability can greatly impact the diet people usually follow. In fact, having limited or
no access to affordable and healthy food are linked to lower diet quality and a higher risk of
chronic diseases such as cardiovascular disease, diabetes, and even cancer (Odoms-Young et
al., 2023). Tyrvéinen and Karjaluoto (2022) showed that people’s shopping habits changed
during the pandemic such that shopping online became more popular and there was an
increased reliance on large supermarkets since smaller grocery shops, in many places, were
forced to be closed. On the other hand, foods purchased at larger supermarkets tend to be
cheaper and often healthier than those purchased from smaller shops (Canales, 2021), which
may provide a possible explanation for this study’s findings concerning the lack of impact of
socioeconomic status on access to food during lockdowns. Similarly designed studies have
reported similar results from around the world. For instance, a cross-sectional analysis (Head
et al., 2022) involving 1122 participants reported that 36.6% of respondents experienced a
noticeable decline in food availability in 2020 after the beginning of the global

pandemic. Although income did not have an influence on participants experiencing a lack of
food availability, other studies (Jafti et al., 2021) have revealed that price increases during the
pandemic of staple foods were one of the major factors driving decreased food availability.

The fact that Adventists and non-Adventists in this sample were equally affected by food
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insecurity during lockdowns, yet vegetarian Adventists were more protected against
pandemic related weight gain, shows that their diet and lifestyle were sustainable during these
critical times. This highlights the resilience of the Adventist dietary pattern and its potential
health benefits even in the context of a global infectious disease pandemic, particularly in
mitigating weight gain as well as potentially contributing to the lower COVID-19 incidence

rate.

4.5 Strengths and Limitations

The study utilised a modified version of the validated FFQ used in the Epic-Norfolk study,
thereby improving the validity of the findings. Furthermore, it is worth highlighting that the
FFQ used in the AHS-2 cohort was shown to have high validity coefficients for macro- and
micronutrients (Jaceldo-Siegl et al., 2009) as the FFQ used in this study was partly based on
the AHS-2 FFQ, and this validation ensures the accuracy and reliability of the dietary data
collected, even if not the exact FFQ but an adaption of it was used.

Another strength of the study is the determination of sample size, which increases its
statistical power for establishing a difference in risk of COVID-19 infection among
Adventists and non-Adventists.

Furthermore, the food frequency questionnaire information was further validated by the data
gathered from the 24-hour dietary recalls. The recruitment of non-Adventists as controls
further adds to the credibility of this study. The study revealed a number of meaningful
differences between the Adventists and non-Adventists even in the context of the COVID-19
pandemic, which may offer useful insights into the impact diet and lifestyle may have on
people’s ability to cope with a global health crisis. The study confirms Adventists' tendency

towards eating a plant-based diet, as well as their abstention from alcohol and coffee, and the
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practice of fasting, all of which are in agreement with the findings of other cohort studies
involving Adventists living in other geographical areas. Moreover, the study used
comprehensive statistical methods as part of data analysis, which adds to the validity and

reliability of the findings.

An important limitation of this study is that the online survey was self-administered by the
participants, which could potentially introduce measurement error for self-reported
anthropometric measures such as waist or hip circumference (Bauhoff, 2014). On the other
hand, the FFQ used in this study was an adoption of two previously validated food frequency
questionnaires, and even though FFQs have been reported to potentially overestimate energy
and nutrient intake (Noor et al., 2019), the FFQ data in this study were not used to calculate
exact values of energy or nutrient intake. Instead, the use of an FFQ in this study was for the
sole purpose of being able to identify and distinguish between participants following various
dietary patterns such as omnivores and vegetarians and to compare the prevalence of

COVID-19 disease among high vs. low consumers of specific food and drink items.

Other important limitations are that most respondents were female and had a total household
income of under £29 000, therefore the results may not be representative as males and those
with higher income are underrepresented in the sample, however it was not possible to ensure
that both genders and all income groups are equally represented in the sample due to the
online survey being shared on social media because Adventist churches were still under

closures.

Moreover, another limitation is the potential dietary misclassification of participants into the

dietary categories because of the self-reports which could potentially affect associations
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between diet and COVID-19 disease risk. However, to address this limitation, the study also
gathered dietary data in the form of the FFQ as well as the 24-hour recall, both of which

provided further validation to the self-reported dietary pattern followed by participants.

Furthermore, the study used the convenience sampling method as part of the recruitment
procedure which may have introduced selection bias, as participants were chosen based on
their availability rather than being randomly selected, thereby limiting the generalizability of
the findings, however both Adventists and non-Adventists were recruited using this sampling
method, therefore one group was not impacted more than the other, and the study used robust
statistical techniques such as MANOVA as well as transparent reporting to mitigate this bias.
Another potential limitation of the study in relation to sample size is the potential for a lack
of statistical power due to the small sample size in some of the diet groups such as
pescatarians (n=11). To mitigate the effect of small sample size, multiple diet groups were
combined in the statistical analyses such that there were two main groups of plant-based and

omnivores.

COVID-19 disease prevalence was based on self-reports; therefore, it was not possible to
confirm whether COVID-19 positivity was based on rapid antigen tests or RT-PCR (real-time
polymerase chain reaction) as the questionnaire did not ask for this detail, nor did it ask about
whether the COVID-19 test was carried out whilst having any symptoms associated with
COVID-19 infection. In addition, medical records or laboratory test results were not available
to validate the self-reported infections. A recent Cochrane analysis (www.cochrane.org, n.d.)
evaluated the sensitivity and reliability of COVID-19 tests and revealed that antigen tests
were only correct in 55% of asymptomatic people and 73% of the time in people with

symptoms, therefore confirming the type of COVID-19 test would have provided useful
148



information. This is further confirmed by an analysis published from the UK which showed
antigen tests had a sensitivity of 57% (Mytton et al., 2021). The results of these studies
confirm the importance of considering different testing methods as their validity and

reliability may vary greatly.

Initially, the study utilised a cross-sectional survey design, which could only investigate
COVID-19 disease prevalence rates, which is the proportion of individuals in a population
with the disease at a specific point in time, however disease incidence rates, which measure
the number of newly diagnosed cases in a given period of time, could not be calculated due to
the lack of observational period. Therefore, the results of the initial survey cannot infer
causality as it was not possible to establish temporal associations between the investigated
exposures and outcomes, which would be an essential part of establishing causality according
to the Bradford-Hill criteria (Rothman and Greenland, 2005). Therefore, a follow-up survey
was sent to participants at 2 years, which transformed the study to a longitudinal design with
a sufficient follow-up period. The follow-up survey was only filled in by 154 participants,
which meant 16 participants were lost to follow-up, thereby reducing the sample size. In
addition, attrition was not evenly distributed between the groups (4 Adventists vs. 12 non-
Adventists). To mitigate the potential bias introduced by the loss of participants to follow-up
in the two groups, the Last Observation Carried Forward (LOCF) imputation was used to

account for the missing data.

While plant-based participants were shown to have begun using dietary supplements in
significantly greater numbers than non-vegetarians, the small frequencies of specific
supplements such as probiotics, omega 3 fats or iodine limit the statistical analysis that can be

conducted regarding the impact of these supplements on COVID-19 disease incidence.
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Furthermore, although the study found that COVID-19 incidence was lower among
Adventists, this may be due to a lower testing rate than among non-Adventists, which may be
a form of surveillance bias (Tancredi et al., 2022), although the study did not ask participants
to indicate if they had been tested against COVID-19. On the other hand, previous research
by Zollinger et al. (1984) showed that Adventist women were more likely to have a breast
cancer diagnosis at an earlier stage than non-Adventists suggesting that Adventists may in
fact be more likely to seek medical care, however no such results are available in the context
of COVID-19 testing. However, based on the Health Belief Model, which is the guiding
framework of this thesis, it would not be unexpected if Adventists had been tested against
COVID-19 less frequently because they did not perceive the risks of COVID-19 infection to
be sufficient to justify more frequent testing. Evidence for this can be indirectly derived from
the study published by Botabara-Yap et al. (2023), who showed that the majority of the
Adventist respondents had a low perception of COVID-19 seriousness, although the study did

not investigate how this belief might have influenced testing behaviour.

4.5.1 Implications and future research

Considering the lower vaccination rates among Adventists, targeted health education
campaigns could be developed and utilised to address concerns Adventists may have
regarding vaccine hesitancy. Future research should focus on exploring potential barriers and
provide accurate information in addressing their specific concerns. These findings may also
inform the health promotion campaigns of the church. Churches should use targeted health
education campaigns by health experts to improve the dietary and vaccine knowledge of

church members.
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In addition, the finding that plant-based Adventists were less likely to use certain dietary
supplements such as multivitamin or vitamin D also warrants further investigation, since
some of these nutrients are mainly found in animal products, however plant-based diets are
quite common amongst Adventists, therefore their risk of nutritional deficiencies and dietary
knowledge with a focus on essential nutrients in the context of plant-based diets should be
further explored. This is especially relevant in the context of infectious diseases, including
COVID-19 infection risk, given the role of essential nutrients in supporting immune function
and protection against infectious diseases. While being a plant-based Adventist was
associated with a lower COVID-19 disease risk in this study, most vegans included in this
study (81%) followed their diet for less than 3 years, which may not accurately reflect the
true impact of inadequate intake of critical nutrients such as vitamin B12, iron, and zinc on
COVID-19 disease risk. Deficiencies in these nutrients could potentially compromise
immune functions, as suggested by early studies (Chandra, 1979). In fact, it is suggested by
Locks et al., (2024) that the main non-genetic cause of immunodeficiency worldwide is
malnutrition, therefore the questions concerning nutrient intake among plant-based
Adventists are further investigated in the next two chapters of this thesis. As such, the next
chapter will present the findings of a systematic review, which investigated the essential
nutrient intake and blood levels of plant-based Adventists in order to identify any type of
nutrient deficiency that may be more prevalent among Adventist vegans and vegetarians,
which could also make them susceptible to COVID-19 infection. These findings could also
provide important context for the results observed in this present study regarding a lower risk
of COVID-19 infection among plant-based Adventists since the presence of nutritional

deficiencies would be expected to increase disease risk.
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4.6 CONCLUSION

Adventists were significantly older in this sample and had a lower vaccination rate than non-
Adventists, yet they had a significantly lower incidence of COVID-19 disease, which
provides valuable information to the overarching research question. This study showed that
the highest intakes of red meat and alcohol were linked to a higher risk of COVID-19,
thereby highlighting the specific dietary factors that could have played a significant
protective role against COVID-19 as part of the Adventist diet. This is further confirmed by
the fact that plant-based status was a significant predictor variable in the association between
the lower COVID-19 incidence observed among Adventists, which provides important
answers to the research question of this thesis. At the end of follow-up, Adventists were also
shown to have experienced fewer symptoms of long COVID and had a lower infection
incidence.

This study identified that Adventists seemed to have been more protected from the potentially
harmful impact of the pandemic on people’s mental health, which may partly be explained by
the social support networks maintained during the pandemic as well as the widespread use of
prayer and other spiritual exercises for stress management among Adventist. The lower
anxiety could have also contributed to the lower COVID-19 incidence observed among
Adventists. Furthermore, the Adventist lifestyle with its emphasis of a healthy diet and
regular physical exercise proved to be associated with better weight management during the
pandemic, therefore some of the principles from the Adventist lifestyle could potentially be
generalised to other groups or populations.

However, the lower use of dietary supplements among plant-based Adventist raised important
questions about the nutritional status of vegan and vegetarian Adventists. Therefore, a

systematic review was undertaken in the next chapter with the aim of investigating the intake
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and status of essential nutrients among plant-based Adventist cohorts in order to identify if
they are at an increased risk of nutrient deficiencies that may negatively influence

susceptibility to infectious diseases.
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S Chapter 5. Essential nutrient intake and blood status in vegan and vegetarian

Seventh-day Adventists: A systematic review and meta-analysis

5.1 INTRODUCTION

The potential nutritional inadequacies associated with vegan and vegetarian diets, which are
commonly consumed among Adventists, highlight the importance of understanding the
dietary intake and supplementation practices of Adventists, especially in the context of
COVID-19 disease risk, however, there are no published systematic reviews summarising the
available evidence on the intake and serum levels of essential nutrients among plant-based
Adventists, which could identify potential nutritional inadequcies among the group.
According to a global survey of Adventists over 80% of the participants confirmed belief in
the health message held by the church and thought that it was holistic and resulted in a longer
life (McBride et al., 2021), however, the study did not investigate the perceptions and beliefs
Adventists hold regarding the nutritional sufficiency of plant-based diets and the use of
dietary supplements.

As mentioned in Chapter 3 of this thesis, diet doesn’t only impact COVID-19 risk, but dietary
intervention studies have been shown to increase the effectiveness of vaccinations against
infectious diseases (Vedhara et al., 2020), which highlights the multiconnected relationship
between diet and immunity in the context of infectious diseases.

Therefore, this study aimed to gather and synthesize the existing research concerning vegan
and vegetarian Adventists’ dietary intake and status of essential micronutrients and minerals
such as vitamins D and B12, calcium, iron, and iodine, that may be low on a vegan or plant-
based diet and could influence susceptibility to infections like COVID-19 disease, thereby

aiming to provide answers to the overarching research question of the thesis. By examining
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the available literature, this review intends to identify key findings, patterns, and research
gaps related to the dietary practices of vegan and vegetarian Seventh-day Adventists and their

impact on nutritional status.

5.2 METHODS

This systematic review has been performed in adherence to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) and has been registered on PROSPERO
(CRD42024511290).

A comprehensive search was conducted in the following databases from inception to 2024:
PubMed, Scopus, Google Scholar. The search terms for the database search were devised

using the PICO method. The keywords used for the search were as follows:

(Adventist OR "Seventh Day Adventist" OR “SDA”) AND ("vitamin B12" OR B12 OR

Cobalamin OR Cyanocobalamin OR Hydroxocobalamin OR Methylcobalamin).

In addition, a separate database search was conducted in the above-mentioned databases to
identify studies that have reported on the intake or status of other essential nutrients among

Adventist populations. The below keywords were used for the search strategy:

("Seventh Day Adventists" OR "SDA") AND ("Plant-based diet" OR "vegetarian diet" OR
"vegan diet") AND ("Nutrient intake" OR "dietary nutrients" OR "nutrition assessment" OR
Nutrient or Nutrients) AND ("Nutritional supplements" OR "dietary supplements" OR

"vitamin supplements" OR vitamin) AND ("Micronutrients" OR "macronutrients").
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5.2.1 Inclusion and exclusion criteria

Observational studies such as cross-sectional, cohort, and case-control studies as well as
intervention studies published in English language were included if they recruited plant-based
Seventh-day Adventist participants, preferably vegan, and reported on either their vitamin

B12 status or intake. Studies were only included if they also recruited omnivore participants.

Only studies that presented group averages of vitamin B12 intake or status for plant based
and omnivores separately were included. Studies that did not present distinguishable results
for vegetarian or vegan Adventists from omnivores were excluded. Plant-based for this
review was defined as either vegan or vegetarian, however vegan groups were the preferred
choice since they do not consume any form of animal products, therefore the risk of vitamin
B12 deficiency might be higher in this group. Studies which only reported on the intake of
food items such as dairy or meat were excluded if they did not report on exact intake or

serum status of vitamin B12.

Furthermore, studies that reported on the intake or status of any of the following essential
nutrients were also included in this systematic review: Omega 3 and 6 fatty acids, vitamins A,
C, D and E, as well as vitamin K, B vitamins, and essential minerals such as calcium, iron,

zinc, potassium and protein.

5.2.2 Study Selection

Study selection utilised a two-step screening process. Titles and abstracts were read in the

first instances, and the full text articles were read if the article was deemed relevant based on
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the initial screening step. Two reviewers reviewed studies independently, and there was an
option for a third reviewer to be consulted in cases of disagreement. The full text articles
were read in their entirety if the article was deemed relevant based on the initial screening
step. This was done in order to determine if the full text article presented specific information
about any of the essential nutrients of interest such as vitamin B12 intake or status for vegan
or vegetarian Adventists and a non-vegetarian comparison group. During the full-text review,
articles were screened to determine if they presented specific results for nutrient intake or

serum levels for plant-based and omnivore participants.

5.2.3 Data Extraction

A customised data extraction form was used to extract the following information from the
included studies: author and year of publishing, study design, sample size, location/country,
type of plant-based diet followed by Adventists, controls, vitamin B12 intake or serum level
assessed, result. Results were extracted as means and standard deviation unless otherwise
presented (i.e., median, and interquartile range). If a study presented separate results for
vegans and vegetarians, the results relating to vegans were extracted and used in the meta-
analysis, since vegans are at a greater risk of vitamin deficiencies as vegetarians consume

animal products such as dairy which contain vitamin B12 or even vitamin D.

5.2.4 Risk of Bias Assessment

A version of the Newcastle-Ottawa Scale (NOS) validated by Modesti et al. (2016),

employing a scoring range from 0 to 10, was used to assess the quality and potential risk of
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bias of the included cross-sectional studies, with higher scores indicating a reduced risk of
bias. Studies scoring 7-10 were considered to have a low risk of bias. Studies with a score
between 4-6 were judged as having a moderate risk of bias, and studies scoring 5 or below

were considered to have a high risk of bias.

5.2.5 Data Synthesis

Some of the extracted data had to be converted to the desired format to allow for the data to
be analysed in the form of a meta-analysis. Continuous data were used for the meta-analyses
concerning the intake and serum levels of vitamin B12. One of the included studies presented
group averages as medians and interquartile ranges (Haddad et al., 2020), therefore the
sample mean was estimated using the formula proposed by Luo et al (2018) and standard
deviation was estimated using the formula proposed by Wan et al. (2014).

Hokin and Botler (1999) presented their results concerning the serum vitamin B12 level of
participants as mean and standard error. The standard deviation was estimated by multiplying
the standard error of the mean (SEM) by the square root of the sample size in that group (Vn)

as shown in the following formula (Higgins and Green, 2011):

SD=SEMx<n

Furthermore, Harman and Parnell (1998) presented separate results for males and females;
therefore, the group means for males and females among both vegetarians and omnivores
were combined using the formula suggested by the Cochrane handbook (Higgins and Green,

2011).
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A random-effect meta-analysis was carried out in Review Manager (RevMan version 5.3)
instead of a fixed-effect meta-analysis due to the expected heterogeneity between the
included studies owing to differences in sample size, the use of vitamin B12 supplements by
participants and the fact that some studies grouped vegans and vegetarians together (Harman
and Parnell, 1998 and Hokin and Buttler, 1999), whilst in other studies results were
separately available for vegans (Damayanti et al., 2018 and Haddad et al., 2020). The
heterogeneity among the studies was evaluated through the Chi? test and quantified using the
I2 statistic. An I? value greater than 50% indicated substantial heterogeneity.

For the effect size, the mean difference (MD) together with 95% confidence intervals (Cls)
was calculated. The outcomes of the individual meta-analyses were presented using forest
plots, which illustrated the estimated overall effects.

Sensitivity analysis was conducted by investigating the effect of each individual study on the
overall effect size by removing each study from the analysis. A subgroup analysis could not
be conducted because of the limited number of included studies.

Regarding the other essential nutrients apart from vitamin B12, the results were synthesized
in a narrative synthesis as a meta-analysis was not possible for any of the other nutrients due
to the lack of standardized reporting and low number of studies focusing on any given

nutrient.
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Figure 11. PRISMA Flow Diagram of Study Selection
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Table 5 Study Characteristics and Results Table for Vitamin B12

Author Study Sample Location/C Type of plant- Controls What was assessed in the Results
and year Design Size ountry based diet study? (Serum level of
followed by intake)
Adventists
Damayanti Cross- 728 United Semi- and Non-vegetarians The intake of and serum | Serum vitamin B12 (mean, SD):
et al., 2018 sectional States pesco- levels of vitamin B12 and Vegan: 292.3 (214.5) pmol/L
analysis of vegetarians, holotranscobalamin (holoTC) Omnivores: 256 (163.3) pmol/L
AHS-2 lacto-ovo-
calibration vegetarians, and Vitamin B12 intake: (mean, SD):
study vegans. Plant-based: 101.2 (202.9) mcg/d
Omnivores: 48.3 (197.5) mcg/d
Haddad et Cross- 785 United Vegan and lacto- Non-vegetarian Circulating methylmalonic Serum vitamin B12 (mean, SD):
al.,, 2020  sectional States ovo-vegetarian, group acid (MMA) and serum Vegan: 308.7 (25.4) pmol/L
survey vitamin B12, Omnivore: 316.2 (17.4) pmol/L

holotranscobalamin (holoTC),
and homocysteine (Hcy) Vitamin B12 intake: (mean, SD):

levels. Plant-based: 13.65 (15.95) mcg/d
Omnivores: 7.46 (2.59) mcg/d
Cross- 141 New- Vegetarian Non-vegetarian Serum vitamin and dietary Serum vitamin B12 (mean, SD):
Harman et sectional Zealand Adventists intake of vitamin B12 butit  Vegan: 186 (88.9) pmol/L
al,, 1998 |survey also reported on the dietary  Omnivore: 245 (112.7) pmol/L

intake of vitamin C, folate,
vitamin A, zinc, iron, calcium Vitamin B12 intake: (mean, SD):
and PUFA were assessed.  Plant-based: 1.25 (0.95) mcg/d

Serum ferritin were also Omnivores: 2.69 (1.8) mcg/d
assessed.
Cross- 340 Australia Lacto-ovo- Nonvegetarians Serum vitamin B12 status Serum vitamin B12 (mean, SD):
Hokin and sectional vegetarian or consuming more Vegan: 166 (245.4) pmol/L
Buttler, vegan than one serving of Omnivore: 292 (1055) pmol/L
1999 flesh foods per
week.
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Table 6 Study Characteristics and Results Table for other essential nutrients

Author and Study

year Design
Anderson et Cross-
al., 1981 sectional

Armstrong et Cross-

al. 1974 sectional
Beezhold et Cross-
al., 2010 sectional

Sample Location/ Type of plant-
Size Country |based diet
followed by
Adventists
56 Canada  Vegetarian
562  Australia Vegetarian
138 United Vegetarians
States

Controls

None

Non-vegetarian
Adventists

Non-vegetarian
Adventists

Nutrients Assessed

The study assessed
dietary fibre, iron, and
zinc intakes. It also
measured
haemoglobin, serum
iron, total iron-binding

Key Findings

The mean dietary iron intake was 12.5 mg,
zinc intake (9.2 mg/day)

Haemoglobin, serum iron, TIBC, and serum
transferrin saturation levels showed no
statistically significant differences among
vegetarians with and without iron

capacity (TIBC), serum supplements

transferrin saturation,
serum zinc, and hair
zinc concentrations

Serum vitamin B12 and Folate serum levels were higher in

folate levels.

Dietary intake of EPA,

vegetarians.

Vegetarians were shown to have significantly

DHA, AA, ALA, and LA lower intakes of EPA, DHA and AA but they

also showed higher intakes of ALA, total n-3,
and LA. The vegetarians experienced less
negative emotion than omnivores.
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Calkins et al.

1984

Chan et al.,
2009

Miles et al.,
2019

Harman et
al., 1998

Cross- 168
sectional
study

Cross- 428
sectional
analysis of

the AHS-2
cohort

Cross- 840
sectional
analysis of
AHS-2

Cross- 141
sectional
survey

United Pure Vegetarian  Non-Adventist
States (Vegan) and lacto- omnivores.

ovo vegetarian.

Vegans, lacto-ovo-

vegetarians, and

U partial vegetarians Non-vegetarian

nited such as pesco- Adventists
States vegetarians and

semi-vegetarians.
United Vegan, lacto-ovo- Non-vegetarian
States vegetarian, pesco- Adventists

vegetarian, semi-

vegetarian,
New Vegetarian Non-vegetarian
Zealand Adventists

The study assesses
nutrients such as
calories, protein, fat,
vitamins A, B, C,
calcium, phosphorus,
and iron.

Serum 25-
hydroxyvitamin D
levels

The biomarkers
analysed included
polyunsaturated fatty
acids, and vitamins in
plasma, urine, and
adipose tissue.

All groups consumed adequate or excess
amounts of levels of protein, and fat.

Higher calorie intake among nonvegetarians
was due to higher intake of fat and protein.
Vitamin levels (A, B, C) were adequate for
both vegetarians and omnivores with and
without supplements.

Calcium and phosphorous intakes were
below the recommended levels for females
who consumed a vegetarian diet.

Iron intake was low for all females, but the
intake of haem iron did not improve intake
levels for nonvegetarian females.

All groups were shown to consume adequate
or excess amounts of protein.

There weren’t any significant differences in
serum 25(0OH)D concentrations based on
vegetarian status.

Vegans had higher plasma concentrations of
total carotenoids and urinary levels of
isoflavones and enterolactone compared
with non-vegetarians. Vegans also had a
lower intake of saturated fats and higher
proportions of linoleic acid (omega-6) and
total omega-3 fatty acids compared to non-
vegetarians. Similar results were found for
lacto-ovo- and pesco-vegetarians.

Serum vitamin B12 and Non-vegetarian males had higher intakes of

dietary intake as well
as the intake of

vitamin B12 (3 vs. 1.4 mcg) and calcium (943
vs. 721 mg) than vegetarian males. Non-

essential nutrients such vegetarian females showed higher intakes of

as vitamin C, folate,

protein and vitamin B12. Vegetarian females
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Hunt et al.,
1988

Orlich and
Fraser, 2014

Reddy et al.
1980

Rizzo et al.,
2013

Rouse et al.,
1983

Cross- 290

sectional

Prospective 96,000
cohort study (AHS-2

chort)
Cross- 44
sectional
study.
Cross- 71,751
sectional  subjects
from the
AHS-2
cohort
Cross- 331
sectional

United
States

North
America

Finland
and New
York

North
America

Australia

Methodist
omnivore

Vegetarian

Various vegetarian Non-vegetarian
diets including Adventists
vegan, lacto-ovo-

vegetarian, pesco-

vegetarian, and

semi-vegetarian.

Vegetarians Non-Adventist

omnivores

Various vegetarian Non-vegetarian
diets including Adventists
vegan, lacto-ovo-

vegetarian, pesco-

vegetarian, and

semi-vegetarian.

Lacto-ovo Mormons
vegetarian

Adventists and

vitamin A, zinc, iron,
calcium and PUFA
were assessed. Serum
ferritin were also
assessed.

Dietary intake of zinc,
folate, vitamin B-6,
vitamin E, folate,
thiamine, vitamin C,
vitamin A, total fat,
saturated fatty acids,

cholesterol, and dietary

fibre.

The study investigated
the intake of a number
of nutrients, but only
protein is relevant for
this systematic review.

The study investigated
the intake of a number
of nutrients, but only
protein is relevant for
this systematic review.
Major nutrients,
vitamins, and minerals,
including plant
proteins, fibre, beta
carotene, magnesium,
saturated, trans,
arachidonic and
docosahexaenoic fatty
acids.

Nutrients of relevance
assessed: Protein,
polyunsaturated fat,

had higher intakes of vitamin C. No
significant differences in the serum folate,
ferritin, and vitamin B12 levels were shown
between vegetarians and non-vegetarians.

Neither groups consumed enough zinc,
folate, vitamin B 6, and vitamin E to meet the
RDA. Vegetarians consumed more folate,
thiamine, as well as vitamins C and A, ate
lower amounts of fat and cholesterol, and
higher dietary fibre compared to omnivores.

The mean intake of protein as a percentage
of daily energy was 13.6 among vegans, and
14.7 among non-vegetarians.

Protein intake was similar across all groups
(86g among vegetarians and 92g and 95¢g
among non-vegetarians).

Strict vegetarians consumed the most
amounts of fibre, soy protein, and vitamins
C, folate, beta carotene, and vitamin E, and
the lowest intakes of saturated, trans-fat, and
arachidonic acid.

Mormon omnivores consumed significantly
less magnesium and potassium than
Adventists (including vegetarians). They also
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omnivore potassium and consumed less polyunsaturated fat than

Adventists. magnesium Adventist vegetarians. There were no
differences in protein intake among Adventist
vegetarians.

Shultzand  Cross- 128 United Vegetarian diet Non-Adventist Whole blood selenium No significant difference in blood selenium
Leklem, 1983 sectional States omnivores levels, dietary protein, values was found between the vegetarian
study riboflavin, niacin, oleic Adventists and the non-vegetarian non-
and linoleic acids. Adventist groups
Shultzand  Cross- 29 United The vegetarian Non-Adventist The study investigated There were no differences in the intakes of
Leklem, 1987 sectional States group included 10 omnivores the intake of the protein, iron, vitamins A and C, the B
lacto-ovo- following nutrients of  vitamins between vegetarian and non-
vegetarians and 3 interest: protein, fat, vegetarian groups. Furthermore, the plasma
vegans calcium, iron, vitamin  concentration of pyridoxal 5'-phosphate
A, and B vitamins. (vitamin B6 was the same between

vegetarians and non-vegetarians who did not
use supplements.

Shultzand  Cross- 23 United Vegetarian Non-Adventist Dietary intakes of fat  There were no differences in the intakes of
Leklem, 1982 sectional Kingdom omnivores (especially saturated  protein and the essential fatty acid linoleic
study fat), carbohydrate, acid.

cholesterol, protein,
linoleic acid, and oleic

acid
Stich etal.,, Cross- 202 Canada |Lacto-vegetarian Heavy consumers Beta-carotene Adventists and ISKC members, who abstain
1986 sectional Adventists and of alcoholic concentrations in the  from alcohol, smoking, and were
study blievers of the beverages and exfoliated mucosa vegetarians, had significantly higher levels of
International individuals with a [cells. beta-carotene in exfoliated mucosa cells
Society for Krishna “Western” lifestyle compared to heavy consumers of alcoholic
Consciousness. pattern. beverages and individuals with a “Western”

lifestyle pattern.
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Thorpe et al., Prospective 34,542 North Vegan, Non-vegetarian  Dietary and Vegan females had a 55% higher risk of hip

2021 cohort study America  vegetarians, as  Adventists supplementary intake fractures in comparison to non-vegetarians,
using a well as pesco- of calcium and vitamin but no differences were shown in males.
sample of vegetarians. D. Supplementing vegans did not have a
the greater risk of hip fracture than followers of
Adventist other dietary patterns.
Health
Study-2
(AHS-2)
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5.3 RESULTS

The initial database search yielded 4601 articles as presented in Figure 11. Of these, 3642
were identified as duplicates or were deemed irrelevant. The title and abstract review
excluded a further 906 articles, which meant that 56 articles were read in full. Twenty-one of
the articles were deemed relevant after full-text search and were included in this systematic
review and meta-analysis. Furthermore, 4 of the studies were included in the quantitative
synthesis in the form of a meta-analysis.

The results and individual study characteristics for the studies that reported on vitamin B12
are presented in Table 5. Two of the four included studies were conducted in the United
States of America, whilst the other two studies were carried out in New-Zealand and
Australia. The included studies recruited 1994 participants in total.

In addition, the results and study characteristics of studies reporting on the intake or status of

other essential nutrients are reported in Table 6.

5.3.1 Vitamin B12

Vitamin B12 intake was estimated using food frequency questionnaires and dietary recalls in
the included studies. The average age of participants in the included studies were between 40
and 58 years. There were 24 females and 23 males in the study conducted by Harman and
Parnell (1998), whereas 331 of the 340 participants were male in the study conducted by
Hokin and Butler (1999). In contrast, 65.4% of participants recruited by Damayanti et al.
(2018) and 521 of 785 (66.35%) recruited by Haddad et al. (2020) were female.

The studies conducted by Damayanti et al. (2018) and Haddad et al. (2020) presented

separate group averages for vegan and vegetarians, whereas the other two studies grouped
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vegans and vegetarians together, although Hoking and Butler (1999) stated that there were no
significant differences between vegans and vegetarians.

Of the studies included, 4 evaluated serum vitamin B12 concentrations (pmol/L), and 3 of
these also reported daily intake of vitamin B12 as mcg/day. Only one of the included studies
reported the average duration of time the vegetarian group followed their diet (Hokin and

Butler, 1999).

5.3.1.1 Serum vitamin B12 concentrations between plant-based Adventists and omnivore

controls

The results of the meta-analysis concerning the serum vitamin B12 concentrations between
plant-based Adventists and omnivore controls is presented in Figure 12. According to the
pooled results, the serum vitamin B12 levels of plant-based Adventists and omnivore controls
did not differ significantly (MD: —9.85 pmol/L; 95% CI: —45.64 to 25.94 pmol/L; p = 0.54, 12
= 50%). In the sensitivity analysis, the removal of the study with the highest risk of bias

(Harman and Parnell, 1998) lowered heterogeneity (I>=34%).

Plant-based Omnivore Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Damavyanti 2018 2923 2145 67 256 1633 341 24.0% 36.30 [-17.91,90.51]
Haddad 2020 3087 254 76 3162 174 488 526% -7.50[-13.42,-1.58]
Harman 1998 186 889 24 245 1127 23 221% -59.00 [-117.19,-0.81] —
Hokin 1999 166 2454 11 292 1,055 53 1.2% -126.00[-444.91,19291] ¢
Total (95% Cl) 178 905 100.0% -9.85 [-45.64, 25.94] *

Heterogeneity: Tau*= 624.67; Chi*=6.05, df=3 (P=0.11); F=50%

Test for overall effect Z= 0.54 (P = 0.59) -200 100 0 100 200

Favours [Omnivore] Favours [Plant-hased)

Figure 12. Vitamin B12 serum levels in plant-based Adventists and omnivore controls.
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The average serum vitamin B12 concentration of vegans was above the deficiency criteria of
133 pmol/L as defined by the National Institute for Health and Care Excellence (2023)

guidelines in all four included studies.

5.3.1.2 Vitamin B12 intake among plant-based Adventists and omnivore controls

There were no significant differences in the daily intake of vitamin B12 among plant-based
Adventists and omnivore controls (MD: 3.31 mcg/d; 95% CI: —4.70 to 11.32 mcg/d; p = 0.42,
I? = 90%) as shown in Figure 13. In the sensitivity analysis, the exclusion of any single study
did not change the result. There was significant heterogeneity between the studies as
indicated by the high I? value. To explore the source of heterogeneity, sensitivity analysis was
conducted by removing each study from the analysis. The exclusion of the study by Harman
and Parnell (1998) decreased the 12 value to 66% as this was the study with the highest risk of
bias as presented in Table 4 and had the lowest sample size. This study grouped vegetarian
and vegan participants together in the analysis, whereas the other studies presented separate

results for these two groups.

Plant-based Omnivore Mean Difference Mean Difference
Study or Subgroup  Mean [mcg/d] SD [mcg/d] Total Mean [mcg/d] SD[mcg/d] Total Weight IV, Random, 95% Cl[mcg/d] IV, Random, 95% CI [mcg/d]
Damayanti 2018 101.2 2029 67 483 1975 341 22% 52.90 [-0.01, 105.81]
Haddad 2020 13.65 15.95 76 7.46 259 488 46.6% 6.19[2.60,9.78]
Harman 1998 1.25 0.95 24 269 1.8 23 51.2% -1.44 [-2.27,-0.61)
Total (95% CI) 167 852 100.0% 3.31[-4.70, 11.32]

Heterogeneity: Tau®= 32.49; Chi*= 20.44, df= 2 (P < 0.0001); F=90%

Test for overall effect: Z= 0.81 (P = 0.42) -200 -100 0 100 200

Higherin omnivore Higherin plant-hbased

Figure 13. Daily vitamin B12 intake among plant-based Adventists and omnivore

controls.
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A potential source of heterogeneity in the included studies is the use of vitamin B12
supplements, however a subgroup analysis could not be carried out as the included studies
did not report separate results for vegans who used supplements and those who didn’t.
However, the study published by Damayanti et al. (2018) reported the average dietary intake
of vitamin B12 from food sources and supplements separately, and it shows that the mean
total daily vitamin B12 intake among vegans was 101.2 (SD 202.9) mcg/d, 96 (SD 196.2)
mcg of which was consumed in the form of supplements. Therefore, it can be concluded that
vitamin B12 supplements provided almost all of the vitamin B12 vegans consumed in this

study.

5.3.2 Publication bias

Publication bias was assessed visually using a funnel plot (Figure 14, Figure 15); however,
asymmetry could not be reliably assessed due to the limited number of datapoints. Figure 14
depicts the distribution of studies that assessed the serum vitamin B12 of participants. There
is a relatively even distribution around the mean difference (MD), represented by the dotted
vertical line, since one of the studies is on the right side of the dotted line, one is on the left
side, and one is almost on the line, in the middle. The same is true for Figure 15, where

studies are evenly distributed around the mean difference.
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Figure 14. Funnel plot of studies reporting results on the serum vitamin B12 of plant-
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Figure 15. Funnel plot of studies reporting results on the intake of vitamin B12 of plant-

based Adventists and controls.

5.3.3 Risk of Bias Assessment

The results of the risk of bias assessment for the studies reporting on vitamin B12 are
presented in Table 7. In the analysis of the four studies, it was observed that two of the
included studies demonstrated a high level of bias as identified by the adjusted NOS criteria

(Modesti et al., 2016). However, the remaining two studies by Damayanti et al. (2018) and
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Haddad et al. (2020) achieved scores of 7 and 8, respectively, indicating a significantly lower

risk of bias in their results.

Table 7 Risk of bias assessment of the included studies reporting on vitamin B12 intake or status
using the NOS

Study Selection (max 5 Comparability (max 2 Outcome (max 3 Total (max 10
stars) stars) stars) stars)

Damayanti 2018 3 2 2 7

Haddad, 2020 3 2 3 8

Harman, 1998 2 0 2 4

Hokin, 1999 3 0 2 5

The risk of bias assessment of the studies that reported on other essential nutrients are
presented in Table 8. All studies were assessed using the NOS adapted for cross-sectional
studies by Modesti et al. (2016) except for the study by Orlich and Fraser (2014) since it was
a prospective cohort study, therefore the NOS originally developed for cohort studies could
be used. The earlier studies which were published before the year 2000 showed a high risk of
bias due to achieving lower scores in the domains of comparability owing to the fact that they
have not used statistical adjustment methods to control for confounding factors. The studies
that reported cross-sectional data using a sample of the AHS-2 cohort generally showed a low
risk of bias (Chan et al., 2009; Miles et al., 2019; Rizzo et al. 2013; Thorpe et al., 2021)

reflected in the high score of 8 achieved.
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Table 8 Risk of bias assessment of the included studies reporting on essential nutrient intake or
status

Study Selection (max 5 Comparability Outcome (max 3 Total (max 10
stars) (max 2 stars) stars) stars)

Anderson et al., 1 2 2 5
1981

Armstrong etal. 3 1 2 6
1974

Beezhold etal., 3 2 2 7
2010

Calkins et al. 2 1 1 4
1984

Chan et al., 2009 3 2 3 8
Miles et al., 2019 3 2 3 8
Harman et al., 2 0 2 4
1998

Hunt et al., 1988 2 0 1 3
Orlich and Fraser, 2 2 2 6
2014

Reddy et al. 1980 2 0 1 3
Rizzo et al., 2013 3 2 3 8
Rouse et al., 1983 2 1 2 5
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Shultz and 2 0 2 4
Leklem, 1983
Shultz and 2 0 2 4
Leklem, 1987
Shultz and 2 0 2 4

Leklem, 1982

Stich et al., 1986 2 1 1 4
Thorpe et al., 3 2 3 8
2021

5.3.4 Results for other vitamins

Twelve of the seventeen studies reporting on the nutrient intake and status of Adventists were
conducted in North America, whilst two of the studies were conducted in Australia (Rouse et
al., 1983 and Armstrong et al. 1974), another one in New Zealand (Harman et al., 1998), and
the study by Reddy et al. (1980) recruited a control group from Finland. With regard to the
comparison groups recruited in the included studies, vegans and vegetarians were compared
to non-vegetarian Adventists in 8 of the included studies, whilst the comparison group was
composed of non-Adventists in 9 of the included studies. Of the studies that used non-
Adventists as a comparator, 2 recruited members of other religious groups such as Mormons
(Rouse et al., 1983) and Methodists (Hunt et al., 1988), whilst one of the studies (Stich et al.,
1986) recruited members of the International Society for Krishna Consciousness (ISKC) as

part of the plant-based group in their study.
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Fifteen out of the sixteen included studies were cross-sectional analyses, however the study
published by Orlich and Fraser (2014) was a prospective cohort study, namely the Adventist
Health Study 2. Furthermore, the studies by Thorpe et al. (2021), Miles et al. (2019), Chan et
al. (2009) and Rizzo et al., (2013) also reported data from the AHS-2 cohort, however they all
focused on different nutrients. For instance, Thorpe et al. (2021) investigated the association
between 5 dietary patterns (vegan, vegetarian, pesco-vegetarian, semi-vegetarian and
omnivore) and the risk of hip fractures with a focus on calcium and vitamin D
supplementation. The study found that vegan women had a 55% higher risk of hip fracture
(HR 1.55, 95% CI 1.06, 2.26), however subgroup analysis showed that this association was
not present among vegan women who supplemented both vitamin D and calcium,
highlighting the importance of calcium and vitamin D supplementation among vegan
females. Vitamin D status within the AHS-2 cohort was also investigated by Chan et al.
(2009) who after adjusting for age and sex did not find a significant difference in the vitamin

D status of black and white Adventists based on vegetarian status.

Finally, Rizzo et al. (2013) compared the nutrient intake of Adventists following various
dietary patterns in the AHS-2 cohort. Importantly, the results showed that vegans and
vegetarians consumed the lowest median intake of vitamin B12. Vitamin C intake was
highest among pesco-vegetarians, with vegans consuming the second highest amount of
vitamin C. Vegans consumed more folate than non-vegetarians but ate less vitamin D (2.4
mcg/day) and vitamin E (18.5 mg/day), whilst omnivores consumed 6.1 mcg of vitamin D
daily. Sodium intake was lowest among vegans with 3066 mg/day and highest among
vegetarians at 3432 mg/day, whilst beta-carotene intake was highest among vegans with

13.300 mcg/day. It is worth mentioning that the levels of beta-carotene were also assessed by
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Stich et al. (1986) in exfoliated oral mucosa cells. The levels were significantly lower in
alcohol consuming controls than in Adventists who did not consume alcohol. Finally, Miles
et al. (2019) investigated the levels of diet-related biomarkers in blood, urine, and adipose
tissue in 840 individuals from the AHS-2 cohort. The study showed that the concentration of
plasma carotenoids increased with decreasing consumption of animal foods such that vegans
had the highest levels of beta-carotene, lutein, zeaxanthin, cryptoxanthin, and omnivores had

the lowest concentrations. Vegans and vegetarians also had lower levels of saturated fats.

5.3.4.1 Non-AHS 2 cohorts

Nutrient intake or status was reported by studies not involving participants from the AHS-2
cohort. For instance, Hunt et al. in 1988 compared the nutrient intake of Adventist
vegetarians to Mormons consuming a non-vegetarian diet. With regard to vitamin intake,
neither group met the RDA for folate, vitamin B6, vitamin E. Vegetarian Adventists
consumed more dietary fibre, and slightly more thiamine, vitamins A and C and folate.

Of the B vitamins, serum folate and vitamin B12 were investigated by Armstrong et al.
(1974). The study showed that Adventist vegetarians had significantly higher folate levels in
their serum than non-vegetarian Adventists. The levels of vitamin B12 correlated strongly
with the intake of animal products such as meat and eggs, however, vegetarians were not at
an increased risk of vitamin B12 deficiency. Only a single participant was shown to have
vitamin B12 deficiency, but the article does not mention whether the person was vegetarian
or not, and the authors stated that the deficiency was corrected by intrinsic factor, suggesting
a malabsorption issue, rather than a dietary intake issue. Another study which investigated
the status and intake of a type of B vitamin was published by Shultz and Leklem (1987), who

assessed the vitamin B6 intake and plasma levels of vegetarian Adventists and non-Adventist
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omnivores. The results showed no significant difference in vitamin B6 intake or serum levels
between the two groups.

Calkins et al. in 1984 investigated the intake of several nutrients among Adventist vegetarians
and non-vegetarians as well as non-Adventists. There were no significant differences in the

intakes of vitamins C and A, thiamine, riboflavin, and niacin.

5.3.4.2 Protein

Seven of the included studies reported data concerning protein intake. In these studies, the
protein intake of plant-based groups was compared with non-vegetarian groups. The earliest
study conducted by Reddy et al. in 1980 did not show a significant difference in the protein
intake between Adventist vegetarians, Adventist non-vegetarians and the Finnish non-
vegetarians. Chronologically, the next study was published by Calkins et al. in 1984, which
showed that both vegetarians and non-vegetarians consumed adequate or even excess
amounts of protein, although the non-vegetarians consumed 20 g and 30 g more protein than

the vegans and vegetarians respectively.

A year earlier in 1983, Rouse et al. reported on the protein intake of Adventist vegetarians
and non-vegetarians as well as Mormon non-vegetarians and showed no significant
difference between any of the groups. The nutrient intake of premenopausal Adventist
vegetarians was compared with non-Adventist omnivores by Shultz and Leklem in 1982. The
study focused on examining the relationship between hormonal status and dietary nutrient
intake, and protein intake was assessed as part of the nutrients investigated. No differences in

protein intake were shown between the two groups.
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A few years later in 1987, Shultz and Leklem investigated the vitamin B6 intake among 13
vegetarian Adventists and 16 non-Adventist omnivores, however the researchers also
assessed other essential nutrients, such as protein. The average daily protein intake of
Adventist vegetarians was 59 g, whilst the average protein intake among non-Adventists was
64 g, however this difference was not statistically significant. Of the other nutrients
investigated, Adventists consumed significantly less calcium, niacin, cholesterol, fat and

saturated fats, and significantly more fibre and carbohydrates.

Harman et al. (1998) compared the nutrient intake of vegetarian and non-vegetarian
Adventists and showed that whilst there was no difference in protein intake between male
vegetarians and non-vegetarians, vegetarian females consumed significantly less protein at
12.2% of daily energy. Similarly, vegans in the AHS-2 cohort consumed slightly less protein
(13.6%) than non-vegetarians (14.7%) as reported by Orlich and Fraser (2014). This study
analysed the relationship between the various dietary patterns and health outcomes. At
baseline, vegan consumed the most fibre and the least amount of saturated fat and protein.
The results also showed that those who consumed the least animal protein but consumed
protein rich plant foods at least once a day, had a 68% lower risk of wrist fracture. In another
publication, median intakes of protein in all five diet groups in the AHS-2 cohort were also
reported to be around 14% of daily energy consumption, with no significant differences
between the groups, however vegans consumed the most plant-protein, while omnivores

consumed the most amount of animal protein (Rizzo et al. 2013).

5.3.4.3 Essential minerals
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Anderson et al. (1981) investigated the iron and zinc status of vegetarian Adventist women
living in Canada. Participant’s daily mean zinc and iron intake were 9.2 mg and 12.5 mg
respectively. According to the researchers, participants’ available iron for absorption was
only 81% of the amount recommended by the WHO and the Canadian Dietary Standard
(CDS). Based on the Nutrition Canada Interpretive Standard, 71% of participants were at low
risk of iron deficiency, and 22% were at moderate risk, however none of the participants were
in the high-risk category based on blood iron status. Calkins et al. (1984) also assessed iron
intake in their sample of vegetarian Adventists and non-Adventist omnivores and showed that
all females in the sample consumed less iron than recommended with no significant

differences between the Adventists and non-Adventists.

The study also found that non-supplementing participants who consumed meat, which is a
source of haem iron, did not have higher intake of iron than the Adventist vegetarians. In
addition, the study reported on the intake of other essential minerals such as calcium and
phosphorus. The mean calcium intake of pure vegetarians was 652 mg per day, which was
well below the recommended intake for females, and it was significantly lower than that of
the lacto-ovo-vegetarian and non-vegetarian groups. Phosphorous intake was also
significantly lower among pure vegetarians, and their intake level was slightly below the
recommended amount. On the other hand, the 3-day dietary records collected from
participants showed that the use of calcium and iron supplements greatly improved the intake
of these nutrients, and it helped pure vegetarians and lacto-ovo-vegetarians meet their
recommended iron and calcium intakes respectively. Another study that reported on dietary
iron intake was that of Shultz and Leklem (1987), who did not find a difference in the iron

intake of Adventist vegetarian females and non-Adventist omnivore females, however the
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calcium intake of non-Adventist omnivores was significantly higher than that of vegetarian
Adventist females.

This was later confirmed by an analysis of the AHS-2 by Thorpe et al. (2021), which showed
that vegans had the lowest intake of dietary calcium (788 mg/day), with pesco-vegetarians
consuming the most calcium at 937 mg/day). Vegans’ calcium intake was significantly lower
than any of the other 4 groups’ reported intake. This study also reported on calcium
supplementation, which showed that the mean intake of calcium from supplements was
lowest among vegans at 287 mg/day, and highest among pescatarians at 431 mg/day.
Phosphorus intake was lowest among vegans as well; however they consumed the most

magnesium and potassium out of the 5 diet groups.

Furthermore, in the study conducted by Harman et al. in 1998, the iron intake of vegetarian
Adventists and non-Adventists did not differ significantly, although the mean iron intake of
vegetarian females was higher than that of non-vegetarian females. This study also showed
that male non-vegetarians (943 mg/day) consumed significantly more calcium than
vegetarian males (721 mg/day), however there were no differences in females. Moreover,
there were no significant differences in the intake of zinc between vegetarians and non-
vegetarians.

In addition, essential mineral intake was assessed in the study by Hunt et al. (1988). The
study investigated the food and nutrient intake of Adventist females who were vegetarians.
Calcium intake in both groups were slightly below the Recommended Dietary Allowance
(RDA). Zinc intake was also below the RDA in both groups, however there were no
significant differences between the Adventist and non-Adventist groups. Furthermore, Rizzo
et al. (2013) showed that the omnivore group had the lowest daily iron intake at 20 mg, whilst

vegans and vegetarians consumed 22.2 mg and 22.1 mg respectively. In addition, vegans
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were reported to have the highest intake of magnesium (591 mg) and phosphorous (1370
mg), but they also consumed the least amount of calcium (933 mg/day). On the other hand,
omnivores in this sample consumed the most amount of zinc on average (11.9 mg).
Adventist vegetarian males and females were shown to have significantly higher average
intakes of potassium and magnesium than Mormon omnivores in the study conducted by
Rouse et al. (1983).

Selenium status was only reported by a single study, which showed no differences in blood
selenium concentrations between vegetarians and non-vegetarians (Shultz and Leklem,
1983). Dietary intake of this essential mineral could not be investigated in this study, due to

the limited data.

5.3.4.4 Omega fatty acids

In the analysis of the AHS-2 cohort by Rizzo et al. in 2013, over 50% of vegans and
vegetarians did not consume any amount of the preformed omega 3 fatty acid
docosahexaenoic acid (DHA). On the other hand, vegans and vegetarians consumed
significantly more of the omega 6 fat linoleic acid. This was further confirmed by Miles et al.
(2019) who showed that although the blood levels of linoleic acid and alpha-linolenic acid
increased as the amount of animal foods decreased in the diet, the levels of the omega 3 fat
docosahexaenoic acid was lowest in vegans and vegetarians.

Beezhold et al. (2010) investigated the effect of vegetarian diets on mood states and as part of
their study, they assessed the intake of various polyunsaturated fatty acids. The results of the
study showed that vegetarian participants ate lower amounts of EPA and DHA fats but
consumed higher amounts of a-linolenic acid. Overall, the authors concluded that the lack of

intake of EPA and DHA did not have a negative impact on participants’ mood states since
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vegetarians were reported to have experienced significantly fewer negative emotions than
omnivore Adventists. Of the earlier studies, Shultz and Leklem in two of their studies
conducted in 1982 and 1987 assessed the intake of the omega 6 fatty acid linoleic acid and

found no differences between Adventist vegetarians and non-Adventist omnivores.

On the other hand, Rouse et al. (1983) showed that the intake of polyunsaturated fats was
significantly lower among Mormon and Adventist omnivores than among Adventist
vegetarians, although the study did not report results for specific polyunsaturated fatty acids.
In contrast, Harman et al. (1988) did not find a difference in the intake of polyunsaturated fats
between vegetarian and non-vegetarian Adventists, however this study did not differentiate

between the various PUFAs either.

5.4 DISCUSSION

5.4.1 Vitamin B12

This is the first systematic review and meta-analysis that investigated the serum levels and
dietary intake of vitamin B12 of vegan and vegetarian Adventists. The results of the meta-
analyses suggest that there were no significant differences in the intake or serum
concentration of vitamin B12 between plant-based Adventists and omnivore controls.

This data is not in agreement with the results of a previous meta-analysis that investigated
studies with non-Adventist vegan populations (Obersby et al., 2013). This previous meta-
analysis showed that vegans had a significantly lower vitamin B12 level than omnivores,
however the present meta-analysis included studies with supplement users, whereas the study

published by Obersby et al. (2013) excluded studies with participants who took
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methylcobalamin supplements. In addition, another meta-analysis was published in
December of 2024 by Niklewicz et al., which also showed that vegans had significantly lower
vitamin B12 status as indicated by serum vitamin B12 and holotranscobalamin levels,
compared to omnivores.

Another meta-analysis investigated the serum vitamin B12 levels of non-Adventist children
and adolescents following a plant-based diet. The study showed that children following a
vegan diet, had significantly lower serum vitamin B12 levels (Koller et al., 2023), whilst
vegetarian children did not have lower levels. We were unable to carry out a subgroup
analysis on vegetarian Adventists only because of the limited number of studies included.
Furthermore, educational status and female gender have been associated with higher dietary
supplement use among vegans (Fuschlberger and Putz, 2023), but these could not be
investigated in subgroup analyses in this study due to the lack of available data for vegans
based on gender and education levels in regard to supplement use. To enhance the validity of
the meta-analysis, further studies are needed with more robust study designs and statistical

analysis methods that adjust for important confounders.

It seems that the vegan and vegetarian Adventist participants in the included studies did not
have a higher risk of vitamin B12 deficiency than omnivores, likely due to the high
prevalence of fortified foods and supplements in their diet. In fact, the average serum vitamin
B12 levels of vegans in the two studies that presented separate data for vegans (Damayanti et
al., 2018 and Haddad et al., 2020) was around 300 pmol/L which is over twice the amount of
the deficiency threshold of 133 pmol/L. Nevertheless, Damayanti et al. (2018) also showed
that the incidence of low vitamin B12 consumption (<2.0 pg/d) was most common among
vegans, which further highlights the importance of supplementation and the consumption of

fortified foods. By incorporating fortified foods in the diet, examples of which are plant-
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based milks, cereals, and nutritional yeast, along with B12 supplements, Adventists following
a plant-based diet can ensure they meet their daily requirements and support optimal health
based on the findings of this meta-analysis. It seems that the church’s health promotion
strategies concerning the promotion of plant-based diets effectively inform members about
the appropriate intake of vitamin B12, however it is unknown whether Adventists in other

parts of the world are as equally well informed.

5.4.2 Other essential nutrients

None of the included studies reported inadequate protein intakes for plant-based Adventists.
In some studies plant-based Adventists consumed less protein as a percentage of daily energy
than omnivore comparators (Orlich and Fraser (2014) and Shultz and Leklem (1987),
Harman et al (1998)), however their intakes were still above 10% of daily energies
consumed, which is the lower limit of the current recommended daily allowance for protein
of 10-15% total energy intake (Wallace and Frankenfeld, 2017), therefore plant-based
Adventists seem to consume adequate amounts of protein based on the results reported in the
included studies. On the other hand, iron intake was found to be below the recommended
daily allowance set by international guidelines such as the recommendation of the Institute of
Medicine (2001) in the United States. This was also the case for all females in the study
published by Calkins et al. (1984), although it was not dependent on vegetarian status in this
study. This is somewhat of a surprise since meat consumption has been shown to contribute
to the maintenance of adequate iron status as compared to plant-based diets due to the higher
iron availability of meat (Tetens et al., 2007).

Another essential mineral of potential concern identified in the systematic review is calcium,

which was identified in a number of the included studies to be particularly low (Rizzo et al.
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(2013), Harman et al., 1998, Hunt et al. (1988)). In all these studies, the average calcium
intake of both omnivores and plant-based participants were below the recommended daily
allowance value set as 1,000 mg/day for adults (National Institutes of Health, 2022), although
this requirement may increase with age to 1200 mg/day for females.

On the other hand, even vegans consumed above 700 mg/day of calcium in the included
studies, which may actually be sufficient to meet nutritional needs according to Garg and
Mahalle (2019) since fractional calcium absorption in the intestines increases to up to 80% as
a compensatory response when calcium intake is lower. The measurement of blood calcium
levels could have aided assessment, however none of the included studies measured blood
calcium levels to validate the self-reported intake of calcium for participants, which could

have identified individuals with hypocalcaemia (Bove-Fenderson and Mannstadt, 2018).

It is worth mentioning that calcium intake may significantly be impacted by dairy intake,
which may inflate the average intake levels if results are reported together for vegans and
vegetarians and may not reflect true levels for vegans. This is confirmed by Calkins et al.
(1984), where subgroup analysis showed that the calcium intake was only lower for vegans,
which highlights the need for future research to present separate results for vegans and

vegetarians.

Plant-based Adventist in some of the included studies (Beezhold et al., 2010; Rizzo et al.,
2013) consumed little or no DHA or EPA. This is somewhat expected since the most
common direct source of these long chain polyunsaturated fatty acids are marine animals
such as fish and seafood, however vegetarians and vegans do not consume these foods. This
may be a cause for concern since the intake of these long chain fatty acids have been

associated with a number of health benefits such as a reduction in the risk of hypertension
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and in inflammatory markers (Guo et al., 2019), a reduced risk of depression and anxiety
(Kelaiditis, 2023), and even a reduced risk of cardiovascular disease specific mortality,
events caused by coronary heart disease, and major adverse cardiovascular events (Khan et
al., 2021). Although, data from the AHS-2 cohort showed a reduced risk of all-cause
mortality among vegans and vegetarians compared to omnivores, which shows that these
plant-based participants had a lower mortality despite their low intakes of EPA and DHA,
which are long chain omega 3 fats. A potential explanation is the intake of the short chain
omega 3 fatty acid alpha linoleic acid (ALA), which can be converted to the longer chain
omega 3 fats in the body. Alpha linolenic acid intake in the previously mentioned studies was
higher amongst vegans and vegetarians as it can be found in plant-based sources such as
seeds, nuts and soy foods (Rajaram, 2014). It has also been shown to be associated with a
lower risk of all-cause mortality and cardiovascular disease (Naghshi et al., 2021).
Furthermore, vegans and vegetarians can obtain DHA through the consumption of algae oil,
which has been shown to significantly increase the blood and erythrocyte levels of DHA
(Lane et al., 2013), however the included studies have not assessed the supplemental intake

of algae oil among participants.

5.4.3 The influence of nutrient deficiencies and supplementation on COVID-19 risk

None of the included studies in this systematic review investigated nutrient intake or status in
relation to infectious disease risk, however, there are numerous studies involving non-
Adventist cohorts that have investigated nutrient intake and supplement use and their impact
on the risk of infections. This systematic review identified evidence of lower intakes of
calcium, iron and longer chain omega-3 fatty acids among plant-based Adventists. Lower
intakes of these essential nutrients may influence infectious disease risk, however, to-date

there is no evidence that plant-based Adventists have a higher risk of COVID-19 or other
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infections. In fact, the observational study in Chapter 4 of this thesis showed that plant-based
Adventists actually had a lower COVID-19 disease risk.

Low iron status as reflected by low haemoglobin concentration has been shown to increase
COVID-19 risk (Taneri et al., 2020), however excessive iron intake has also been shown to
increase COVID-19 infection, which highlights the importance of balanced iron intake
(Chaubey et al., 2023). Although iron intake in the study published by Anderson et al. (1981)
was below the recommended intake, none of the included studies showed evidence for iron
deficiency among plant-based Adventists as measured by blood iron levels, which suggests
that self-reported iron intake may have been underestimated during data collection. Also,
nutrients such as vitamin C and curcumin can greatly enhance the absorption of non-haeme
iron, which is the form of iron found in plant-based foods (Milman, 2020). This is important
as Rizzo et al. (2013) showed that vegan Adventists consumed significantly more vitamin C
than non-vegan participants, which can contribute to higher iron absorption. In addition,
Adventists generally consume less coffee as shown by Kent and Worsley (2008) as well as
the study described in Chapter 4 of this thesis, which is relevant since caffeine is an important
inhibitor of iron absorption. Hanna et al. (2023) showed that coffee can inhibit fractional iron
absorption by over 50%, therefore consuming less coffee can indirectly lead to better iron
status. The potentially higher dietary intake of vitamin C and lower consumption of inhibitory
foods such as coffee or tea may explain the lack of evidence for iron deficiency among plant-
based Adventists despite their potentially lower dietary intake. This also is maybe the reason
plant-based Adventists were shown to be protected against COVID-19 infection. Although,
plant-based Adventists may consume less iron, they do not seem to have low serum iron
concentration, and their higher intake of other essential nutrients such as vitamin C can
contribute to the lower the risk of COVID-19 infection observed in Chapter 4 (Hafez et al.,

2022).
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In addition to the higher intake of vitamin C by plant-based Adventists, the study included in
this systematic review by Miles et al. (2019) showed that vegans had higher blood levels of
carotenoids and urinary isoflavones. These nutrients have also been shown to influence
COVID-19 risk. According to Lu et al. (2022), carotenoids have important antioxidant
activity and can help regulate the inflammatory response to COVID-19 infection, thereby
lowering infection risk and severity. Isoflavones, which are found in soy foods, flaxseeds and
other plant-based foods (Mulligan et al., 2012), have also been shown to have antiviral
activity and may potentially contribute to a lower COVID-19 infection (Marmitt et al., 2021).
Furthermore, Rizzo et al. (2013) showed that vegan Adventists consumed significantly more
folate and vitamin E, additional nutrients which have been shown to impact COVID-19
infection. Ulloque-Badaracco et al. (2024) showed that low folate levels were associated
with higher COVID-19 severity, whereas vitamin E supplementation has been shown to

decrease the length of COVID-19 related hospitalization (Iman Mandour et al., 2023).

Regarding calcium intake, Alemzadeh et al. (2021) showed that low calcium levels didn’t
only increase the risk of COVID-19 infection risk, but it was also associated with increased
disease severity, COVID-19 mortality as well as longer hospitalization due to the infection.
These findings were based on the pooled results of 25 observational studies, which represent
the best available evidence on the topic. In addition, viral infections have also been shown to
reduce calcium levels because of host defence mechanisms (Crespi and Alcock, 2021) as well
as due to deficiency in vitamin D intake, which is the result of chronic malnutrition
(Alemzadeh et al., 2021). However, none of the Adventist studies included in this systematic
review measured blood calcium levels, therefore the lower dietary intake could not be

validated through serum levels. In connection to the findings from Chapter 4, calcium levels

188



and intake were not measured, but being a plant-based Adventist was associated with lower

COVID-19 incidence; therefore, it would be expected that calcium intake was adequate.

Regarding vitamin D, the included studies did not indicate a higher risk of vitamin D
deficiency among plant-based Adventists. Data derived from Chen et al. (2009) showed no
significant differences in the serum vitamin D levels of vegan and non-vegan Adventists.
Although, vitamin D status can be influenced by sunlight (Saraff and Shaw, 2015), which
limits the generalizability of these findings to Adventists living at higher latitudes such as the
UK (Leary et al., 2017), where UVB radiation is less abundant.

Vitamin D deficiency could not be assessed in the study included in Chapter 4, but the lower
incidence of COVID-19 among plant-based Adventists suggests that participants had
adequate vitamin D levels, although this cannot be confirmed.

Vitamin D has an important role in supporting the immune system. A meta-analysis of four
randomised clinical trials conducted by Yakoob et al. (2016) did not show a lower risk of
pneumonia following vitamin D supplementation in children, however a later meta-analysis
published in 2017 including 25 studies showed a lower risk of respiratory tract infections as a
result of supplementation with vitamin D, although these studies did not specifically include
plant-based participants, however the effect is likely to be even stronger among vegans and
vegetarians (Martineau et al., 2017). This is because the meta-analysis showed stronger
protective effects among those with a vitamin D deficiency at baseline, a condition which is
more common among plant-based individuals (Baig et al., 2013), which suggests that vegans

or vegetarians could especially benefit from vitamin D supplementation.

The effectiveness of vitamin A supplementation against measles infection was investigated in

a 2017 Cochrane Review which included six clinical trials involving vitamin A
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supplementation at doses ranging from 15,000 mcg RAE (50,000 IU) to 60,000 mcg RAE
(200,000 IU), which was dependent on age. The study, which included a total of 19,566
children between the ages of 6 months and 5 years, showed that supplementation reduced the
risk of new measles cases by 50% (Imdad et al., 2010). Moreover, the effect of vitamin E
supplementation on pneumonia risk was investigated by Neupane et al. (2010) in a
prospective study of hospitalized elderly patients from Canada and found that vitamin E
supplementation reduced the risk of rehospitalization for pneumonia by 63%. On the other
hand, other research on the effects of vitamin E supplementation in reducing the risk or
severity of respiratory tract infections, has been mixed (Graat et al.,2002), likely due to the
variability in study designs concerning participants' baseline vitamin E status and the
supplementation doses used (Nih.gov, 2025).

Furthermore, zinc supplementation has been shown to reduce the severity of symptoms
caused by viral infections (Iddir et al., 2020). Finally, Sinopoli et al. (2024) investigated the
effect of various vitamin supplements on the risk of COVID-19 infection using data from
randomised controlled studies. Based on the pooled results of 3 studies, multivitamin use
showed differing results, therefore no definitive conclusions could be drawn regarding its
effects on COVID-19 related outcomes. The only supplements with significant effects from
the meta-analyses were vitamins C and D. Vitamin C supplementation significantly lowered
mortality in the included trials, with vitamin D also showing similar results.

These studies suggest that ensuring adequate nutrient intake among plant-based Adventists in
the context of infectious diseases like COVID-19 should be further investigated as they may
be at an increased risk of nutrient deficiencies, which can influence the risk of infections. The
findings of this systematic review concerning potential nutrient deficiencies among plant-

based Adventists could inform the Adventist church’s health promotion activities.
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5.4.4 Strengths and Limitations

This is the first systematic review investigating a niche but important area of health research
concerning the risk of nutritional deficiencies among plant-based Adventists, which might
increase the susceptibility to COVID-19 disease. In addition, the pooling of the results
concerning intake and status of vitamin B12 in the form of a meta-analysis enhanced the
statistical power and the validity of the findings.

The results of this study provide important insights with practical implications, which are
valuable for health promotion messaging for the Adventist community since the study
highlights the potential nutrients of concern plant-based Adventists should pay attention to.
Additionally, a comprehensive search strategy was used, which utilised a combination of
keywords across multiple databases with no date limitations, which likely captured a
comprehensive set of relevant studies.

Furthermore, the use of the Newcastle-Ottawa Scale offered a systematic approach for the
assessment of the quality of the included studies, which adds credibility to the findings.
Registering this systematic review on PROSPERO promoted transparency and reduced the

potential for reporting bias.

One of the main limitations of the meta-analysis is the limited number of studies available,
which increases the likelihood of publication bias and prevented any type of subgroup
analysis to be carried out. Subgroup analyses based on supplement intake, duration of plant-
based diet and educational level could have provided important insights into the vitamin and
mineral status of plant-based Adventists, however supplement data were not reported in any
of the vitamin B12 studies, and only in a few of the studies that reported on other essential

nutrients. Another important limitation is that in all studies vegans and vegetarians were
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grouped together, which could potentially overlook important differences in vitamin B12
intake and status between these groups.

The low number of studies resulted in high heterogeneity, especially in the meta-analysis
investigating vitamin B12 intake. Furthermore, all of the included studies were cross-
sectional, which is considered a weaker source of evidence than longitudinal studies, which
have a follow-up period as opposed to cross-sectional studies which only provide a snapshot
of the dietary habits and nutritional status of participants. This is of special importance as
vitamin B12 deficiency can take years to develop due to the high body stores of the vitamin
(National Institutes of Health, 2022), therefore longer-term observational studies are
warranted to investigate whether vegan Adventists are able to maintain normal serum vitamin

B12 levels over long periods of time.

The reliance of self-reported dietary assessment methods such as food frequency
questionnaires and dietary recalls within the included studies is another important limitation
concerning the meta-analysis findings concerning vitamin B12 intake, however all of the
included studies measured serum levels of vitamin B12 which corroborate the validity of the
dietary intake assessment methods. However, the studies reporting on other nutrients did not
measure blood levels of the nutrients in most cases and only reported on dietary intake, which
may not be as accurate in determining nutrient deficiencies.

Furthermore, none of the included studies provided a justification for their sample size, which
raises questions about their statistical robustness and power. A final notable limitation of this
meta-analysis is the lack of geographic diversity since two studies were conducted in the
United States of America, one in New Zealand and one in Australia. This means that the
meta-analysis findings cannot be generalised to the broader Adventist plant-based

communities spanning the regions in Europe, Africa, Asia and other parts of the Americas.
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5.5 CONCLUSION

This systematic review and meta-analysis of cross-sectional studies investigated the serum
levels and dietary intake of several essential nutrients among vegan and vegetarian members
of the Seventh-day Adventist church. The results of this study suggest that Adventists
following a vegan or vegetarian diet, which is naturally low in vitamin B12, were not at an
increased risk of vitamin B12 deficiency when compared to omnivores, which in most part is
attributed to the common use of fortified foods and vitamin B12 supplements in these
samples of Adventists. Therefore, the results of this study suggest that the widespread
adherence to plant-based diets among Adventist populations, which is motivated by religious
reasons, is not detrimentally impacting their vitamin B12 status, which is often a common

concern among healthcare professionals.

A meta-analysis could not be carried out for any of the other essential nutrients reported in
the studies due to the lack of data and non-uniform reporting of results, however the narrative
review suggests that plant-based Adventists consume adequate or even higher amounts of
most essential nutrients such as vitamin D, protein and vitamin C, however the generally low
intakes of iron, calcium and zinc as well as EPA and DHA warrants further investigation,
however the synthesized data do not currently suggest a higher risk of nutritional deficiencies
among plant-based Adventists, which would be expected to negatively impact their COVID-
19 risk. This is further validated by the systematic review conducted in Chapter 3 of this
thesis, which didn’t identify any published studies, where the risk of COVID-19 or other
infectious diseases were higher among plant-based Adventists. This provides key answers to
the underlying research question of this thesis. Plant-based Adventists seem to consume

higher amounts of several nutrients such as vitamins C and E, and folate, which may protect
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against COVID-19 infection, and do not seem to be at risk for serious nutritional deficiencies

which could negatively impact infection risk.

The results of this study contribute to the growing body of literature by confirming that the
plant-based diet followed by many Adventists seems to meet nutritional needs in relation to
vitamin B12 due to the use of fortified foods and supplements. Future research should utilise
more robust study designs with follow-up periods and objective dietary intake assessment
methods, involving geographically diverse Adventist populations to aid with the
generalisability of future meta-analyses on this topic. It would also be useful if future studies
on plant-based Adventists reported the risk of COVID-19 disease or other infectious diseases
and their associations with nutrient intake or status. The findings of this systematic review
should inform church-based health promotion strategies within the Adventist community to
continue to emphasize appropriate nutritional planning among those following a plant-based
diet.

Finally, building upon the findings of this present study concerning the lack of available
literature reporting on nutrient intake and COVID-19 risk, and the longitudinal study
described in Chapter 4, the study in the next chapter aimed to assess the knowledge of plant-
based Adventists regarding key nutrients that are also related to immunity and infection
susceptibility to COVID-19, and tested the efficacy of an educational intervention designed
specifically for Adventists for the purpose of improving nutritional knowledge and nutrient
intake behaviour by aiming influencing their perceptions of plant-based diets and

supplements.
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6 Chapter 6. The effect of a lecture based educational intervention to improve the

nutrition knowledge and behaviour of plant-based Seventh-day Adventists.

6.1 Research Context

The literature review in Chapter 2 identified a significant gap in studies assessing the
nutrition knowledge of Adventists, especially those following a vegan and vegetarian diet.
The study in Chapter 4 showed that Adventist participants, especially those following plant-
based diets, were significantly less likely to take multivitamin supplements compared to
omnivores. Moreover, only 28% of Adventist respondents reported taking vitamin D
supplements, and 32% used vitamin B12 supplements. This seemingly low use of
supplements may be of concern as both of these nutrients are critical in plant-based diets.
Although, the lower use of dietary supplements among plant-based dieters, did not translate
to higher COVID-19 risk, however, nutrient deficiencies may take a long time to develop,
sometimes even years. (Carmel, 2008).

Furthermore, the systematic review presented in Chapter 5 of the thesis provided further
important insights into the nutrient intake and status of plant-based Adventists, who were
shown to have lower intakes of some key nutrients, such as calcium, iron, zinc, and omega-3
fatty acids, all of which are less abundant in plant-based diets

This raises concerns about whether Adventists who eat a plant-based diet are fully aware of
their risk of nutritional deficiencies, and about their knowledge of the role of supplements in
mitigating these potential deficiencies.

Additionally, deficiency states of several nutrients can influence COVID-19 risk as well,
therefore, improving the essential nutrient intake of plant-based Adventists wouldn’t just

improve their general health but it could also affect their risk of COVID-19 infection.
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Therefore, understanding the extent of vegan and vegetarian Adventist’s nutritional
knowledge and practices is essential for identifying any gaps in knowledge that could make
them susceptible to nutrient deficiencies and which could be addressed through targeted

educational interventions.

6.2 METHODS

6.2.1 Ethical approval

This study received ethical approval from the Health, Education and Life Sciences Faculty
Academic Ethics Committee of Birmingham City University ensuring the research complied
with university’s ethical standards. The ethical approval was granted in December 2023.
Participants were provided with a Participant Information Sheet, which contained detailed
information about the study's objectives, methodologies, and the data privacy measures that
would be used to handle the collected information, including their personal data. In addition,
participants were required to provide informed consent by agreeing to the provided Consent
Form thereby acknowledging their understanding of the study's nature and their rights as

participants.

6.2.2 Data collection

Adult Seventh-day Adventists living in the UK were recruited if they followed a vegan,
vegetarian or pescatarian diet using convenience sampling. Participants were eligible for

inclusion if they were UK-based and followed a plant-based diet. Anyone under 18 years of
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age was excluded from participation. In addition, Adventists living outside of the UK were
excluded. Data collection took place between December 2023 and February, 2024.

The minimum number of participants required for this study was 34, which was established
using the Statulator online statistical calculator for paired means (Dhand & Khatkar, 2014).
This sample size estimate was based on detecting a medium effect size (Cohen’s d) change of
0.5 with 80% power and with an alpha level of 0.05 (two-sided test). Based on this, a
minimum of 34 paired observations was required to achieve the predetermined statistical
power and significance level.

Online platforms and social media channels were used to advertise the study and connect
with Seventh-day Adventists who followed a plant-based diet. In addition, individuals who
had previously taken part in Study 1 were contacted via email and invited to participate in

this study.

6.2.3 Study design

This study employed a quasi-experimental design and collected cross-sectional data before
and after an educational intervention in the form of an online lecture. The primary outcome
for this study was the change in test scores before and after a lecture based educational
intervention.

The lecture, which formed the basis of the educational intervention, was delivered in
February of 2024 by RKJ, who holds a master’s degree in clinical nutrition. The lecture
presentation lasted approximately 30 minutes, and the lecture slides are shown in Appendix
14.

Participants were provided with an email invite to a Zoom meeting, which they could access

at the time of the event. The lecture presented an overview of the essential nutrients that are
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important in the context of a vegan or vegetarian diet as well as discussed information about
the best available evidence for the use of dietary supplements in the context of COVID-19
prevention or treatment, both of which were based on data derived from systematic reviews
and meta-analyses to reflect the best available evidence available in the scientific literature.
Furthermore, the lecture explored the potential benefits of dietary supplements in relation to
overall health and their appropriate use in supporting nutritional needs. It discussed the
importance of consulting with a healthcare professional or registered dietitian to ensure
proper and appropriate supplementation, which takes into account individual requirements
and potential interactions with medications or underlying medical conditions. Before the
lecture, participants were asked to fill in an online questionnaire using Microsoft Forms,
which was designed to assess their baseline knowledge and beliefs about diet and nutrition in
general as well as in relation to the treatment or prevention of COVID-19. Subsequently,
participants were required to listen to the online lecture and were then asked to fill in the
questionnaire again, in order to determine if the educational intervention has had any impact

on their nutritional knowledge.

6.2.3.1 Theoretical framework

This educational intervention utilised the principles of the Health Belief Model as a
theoretical framework. This health promotion model aims to change the views and beliefs
participants hold on health-related topics, including dietary exposures, thereby leading to
behaviour change (Conner and Norman, 2017). A key foundation of this health promotion
model is that strategies to change human behaviour are more successful when they target an
individual's unique perceptions regarding susceptibility and potential barriers. As discussed in
Chapter 1, this behaviour change model has important limitations, however most of its

limitations are mostly relevant for more complex behaviour changes such as starting a new
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diet or exercise routine, whereas the behaviour change targeted at in this study was to
encourage the use of supplements or fortified foods, which are considered simple behaviour
changes (Phillips and More, 2022). Complex behaviour changes involve greater number of
barriers and require more self-efficacy, motivation and involvement than simple behaviour
changes. Also, the recruited participants all consumed a plant-based diet, which is evidence
of higher levels of self-efficacy, which has been shown to be a key determining factor in
behaviour change (Noar et al., 2007). Based on this, it was assumed that plant-based
Adventists exhibiting higher self-efficacy would be likely to start using certain dietary
supplements or fortified foods if their perception of the seriousness of nutrient inadequacy of
plant-based diets was changed as suggested by the HBM.

Therefore, the lecture covered various key areas, providing participants with an overview of
the advantages and any potential serious drawbacks of vegan diet such as specific nutritional
concerns like the risk of deficiencies in vitamins B12 and D, omega-3 fatty acids and iron
among vegans. Strategies for mitigating these risks through dietary planning and the use of
supplementation were emphasized and the lecture presented essential information about the
role of specific supplements, such as zinc, vitamin C, curcumin, and probiotics, in the context
of COVID-19 disease prevention and treatment. The potential benefits of these supplements
were highlighted based on the best available research evidence. Data from clinical trials and
systematic reviews was used to present which dietary supplements have been shown to lower
the risk of COVID-19 infection or lower the risk of experiencing more severe symptoms
caused by the infection, including hospitalisation. The exact information presented to

participants during the lecture can be viewed in the slides included in Appendix 14.

The lecture also delved into the Seventh-day Adventist Church's stance on plant-based diets

and on critical nutrients and supplementation strategies for individuals following vegan diets.
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As part of the lecture, the hierarchy of evidence in medical and nutritional sciences was
emphasized and the importance of high-quality evidence from systematic reviews and meta-
analyses was highlighted with the aim to address and tackle common misconceptions and
barriers held by some Adventists regarding the adequacy of plant-based diets and the use of
supplements and highlighted the potential dangers of inappropriately planned plant-based
diets. By tackling these misconceptions using the best available scientific evidence as well as
the official position of the church regarding the use of supplements on a plant-based diet, the
lecture aimed to break down common barriers to supplementation thereby changing
participants’ perceptions and thus leading to better scores on the post-intervention test.
Furthermore, the educational intervention also aimed to equip participants with the
knowledge necessary to make informed dietary decisions within the context of a vegan or

vegetarian lifestyle.

6.2.4 The questionnaire

The pre- and post-intervention questionnaires were developed for this study as no validated
instrument was available that precisely fit the scope and context of this study. The
questionnaire is included in Appendix 9, and it contained multiple choice questions as well as
open-ended questions with free to type responses. The first questionnaire contained 40
questions in total, 25 of which were the test questions used to evaluate nutritional knowledge,
and the rest of the questions gathered general participant characteristics as well as
information about the views and beliefs of participants concerning diet, supplements, and
COVID-19. Some of these additional questions were developed to assess participants’
perceptions about the nutritional adequacy of exclusively plant-based diets or whether

religious text or scientific data are more important for them in diet related decisions.
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The post lecture questionnaire only contained the 25 test questions. The follow-

up questionnaire that was sent to participants 4 weeks after the lecture contained 21
questions, which mainly asked questions about any potential changes in diet or supplement
use as well as in belief and views about the topics discussed. It is included in Appendix 10.
The reliability of the questionnaire used for this study has been validated through a small
pilot. During the pilot, the test-retest reliability approach was used, in which six individuals
who were Seventh-day Adventist and followed a plant-based diet but were not sampled for
the study. They filled in the questionnaire on two separate occasions, one week apart. The
internal consistency of the questionnaire was analysed using Cronbach's alpha. The
questionnaire showed high internal consistency (Cronbach’s alpha = 0.873). Furthermore, the
consistency and reliability of the questionnaire was further evaluated through the test-retest
reliability method (Aithal and Aithal, 2020). The test-retest reliability of the questionnaire
was confirmed by the high Pearson’s r coefficient of 0.85 (p = 0.03).

The highest score attainable in the nutrition knowledge test was 25. The questionnaire was
composed of two main sections; one focused on general nutritional information with 11
questions with a total possible score of 11, and the second section of the questionnaire
contained 14 questions that focused on the efficacy of nutritional supplements such as
vitamin D, zinc, or curcumin in the treatment of COVID-19 totalling a maximum score of 14.

6.2.4.1 Conventional treatments

Concerning the use of pharmaceutical drugs, the Adventist church operates a great number of
hospitals around the world such as the renowned Loma Linda University Medical Centre in
California, where doctors utilise the most modern pharmaceutical treatments, however the
church has always placed a large emphasis on the use of natural remedies based on the views

of Ellen G. White who clearly expressed her position about diet and medications in the book
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titled “The Ministry of Healing”. This book forms the basis of the Adventist Health Message
and in addition to its support for a healthy lifestyle, it contains sentences such as the below:
“Drug medication, as it is generally practiced, is a curse. Educate away from drugs. Use them
less and less and depend more upon hygienic agencies; then nature will respond to God's
physicians—pure air, pure water, proper exercise, a clear conscience” (White, 1865)

Such statements, without proper context, may have contributed to a higher degree of
scepticism towards medication use than among the general population.

There is only limited data available with regard to COVID-19 vaccination among Seventh-
day Adventists, however an article published by Jones (2022) reports that COVID-19
vaccination is common among Christian Churches, including the Seventh-day Adventist
Church. The article further states that the denomination's leading body, the General
Conference, is not opposed to public health initiatives, but stresses that members should have
the freedom to follow their personal convictions regarding medical procedures. The study in
Chapter 4 of this thesis showed a lower vaccination rate amongst Adventists, but the study
did not assess potential reasons behind vaccine hesitancy, and there aren’t any published
studies on this topic specific for UK Adventists. In addition, the perceptions of Adventists
living in the UK about COVID-19 vaccines is unknown, which may often be considered
natural alternatives to vaccines.

Currently, there are no peer-reviewed publications assessing the views and beliefs of vegan
and vegetarian Adventists concerning natural and conventional treatments used in the
treatment or prevention of COVID-19, and how knowledgeable Adventists are concerning the
efficacy of dietary supplements and how these views may change when challenged with
scientific evidence. In addition, the study in chapter 4 showed that Adventists were
significantly less likely to have been vaccinated at baseline compared to non-Adventists.

Since vaccination is a major factor in COVID-19 risk, this study aimed to assess Adventists’
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views and perceptions of vaccines and other conventional treatments for COVID-19 in order

to understand how it fits within the context of their lifestyle.

This study has been reported in line with the Checklist for Reporting Results of Internet E-
Surveys (CHERRIES) as published by Galvin et al. (2024). The completed checklist can be

found in appendix 15.

6.2.5 Statistical analysis

All statistical analysis was completed in SPSS. The paired samples t-test was used to
compare the pre- and post-intervention scores attained on the questionnaires. Statistical
significance was confirmed when the p value was less than 0.05. Cohen’s d was calculated as
an effect size by dividing the mean difference between the groups by the standard deviation
of the mean difference. As the sample size was below 50, Hedges’ g was also calculated from

Cohen’s d by adjusting for small sample size bias using the below formula:

1-(3/4n—9), where d denotes Cohen’s d, and n denotes the sample size.

Effect sizes for both Cohen’s d and Hedges’ g were considered as follows (Brydges, 2019):

0.2 = small effect

0.5 = medium effect

0.8 or above = large effect
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Corresponding 95% confidence intervals (CI) were calculated for the effect size and the
differences in means and were considered statistically significant if the 95% CI did not cross

0.

Correlation coefficients were also computed and are denoted by ‘r’. This was to assess the
relationship between the pre- and post-intervention scores. A correlation of 0.7 or greater
were considered as evidence of a strong relationship between the pre- and post-intervention
scores. A strong correlation would indicate that participants scoring high on the first test
would score high on the second test, and participants scoring low on the first test would also

score low on the second test.

Repeated measures ANOVA was used to evaluate whether the change in scores were
different between subjects following different dietary patterns (vegan, vegetarian,
pescatarian). The Games-Howell Test was used as a post-hoc test due to the difference in
sample size between the three groups. With regard to the improvement in test scores,
potential covariates such as sex and education status were adjusted for using ANCOVA.
Changes in dichotomous variables before and after the lecture were evaluated using the
McNemar test. Potential associations between dichotomous variables were evaluated using
the Chi-square test of independence or the Fisher’s exact test if the expected frequencies in

any of the cells were less than 5.

6.3 RESULTS

In total, 37 participants were recruited in this study, 20 of whom identified as vegan, 13 as

vegetarian and 4 as pescatarian. Participants’ mean age was 45 (SD 12.9) and baseline
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assessment showed that four participants used vitamin B12 supplementation, 11
supplemented vitamin D and 10 supplemented both nutrients. After the educational
intervention, 18 participants confirmed having begun to use a new supplement at follow-up,
which is 49% of all participants. Figure 16 presents the supplements participants started to
take after the lecture. The follow-up questionnaire also revealed that most participants (n=34)
made some type of a dietary change after the lecture such that 59% (n=22) reported using
more fortified foods, whilst 2 individuals reported starting to consume more fish or dairy
after the intervention, and this change in dietary behaviours after the lecture was not
associated with gender (p=0.72). Furthermore, only 3 individuals reported being sceptical of
using dietary supplements on the follow-up questionnaire, while 31 individuals reported
paying more attention to what nutrients their diet may be lacking and supplementing

accordingly.

Figure 16. Percentage of participants (%) starting to use supplements after the

educational intervention.
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The mean test scores of participants before and after the lecture is presented in Figure 17.

Participants had a total mean score of 8.49 (SD 3.75) out of 25 on the baseline questionnaire,
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and a mean score of 20.03 (SD 2.99) after the lecture. This was a significant increase in
scores, suggesting a significant improvement in nutrition knowledge after the lecture such
that the mean difference between the pre-lecture and post-lecture scores was 11.54, with a
standard deviation of 4.21, indicating that on average, scores increased by a statistically
significant 11.54 points after the lecture (t(df. 36) =-16.66, p < 0.001).

The effect size measure using the Cohen's d value was -2.739 (95% CI -3.44, -2.03), whilst
the Hedges' g effect size was -2.681 (95% CI -3.37, -1.98). Repeated measures ANOVA
further confirmed the significant change in scores for all participants (Wilk’s Lambda for
TestScore, p <.001), however it showed that there were no differences in the test scores

between the three diet groups (Wilk’s lambda Testscore*dietFollowed, p = 0.09).

Figure 17. Pre- and post-lecture test scores (mean, SD)
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The correlation between the scores before and after the lecture is 0.232 (p=0.167), indicating
a non-significant relationship, which suggests that the relationship between pre-lecture and
post-lecture scores is not linear or predictable based on pre-lecture performance. This
indicates that improvements in post-lecture scores were not dependent on participants' initial

pre-lecture scores.
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Furthermore, separate analyses have been conducted to compare the mean pre- and post-
intervention scores for the general nutrition knowledge and COVID-19 specific questions.
For general nutrition knowledge, the mean pre-lecture score was 4.22 (SD 2.28), which
increased to 9.97 post-lecture (SD 1.34) indicating a mean difference of 5.76 (SD 2.60).
For COVID-19 related nutrition knowledge, the average pre-lecture score was 4.27 (SD
2.31), which also increased post-lecture to 10.05 (2.07) indicating a mean difference of 5.78
(SD 2.59). The increases in scores on the post-intervention questionnaire were statistically
significant for both with p-values less than 0.001.

The effect size indicated by Cohen’s d for general nutrition knowledge was 2.22 (95% CI -
2.82,-1.61), and Hedges' g was 2.17 (95% CI -2.76, -1.58), both of which are large effect
sizes. The effect size for COVID-19 related nutrition knowledge was similar (Cohen's d =
2.23 (95% CI1-2.83, -1.62), Hedges' g =2.18 (95% CI -2.77, -1.59)), and both of these are

considered very large effects.

Regarding the analysis concerning the general nutrition questions, there was a very minimal
positive correlation between the before and after scores (r = 0.038). Similar correlation was
observed for the COVID-19 related questions suggesting only a weak positive relationship
between the before and after lecture scores (r = 0.300). Both results imply that there were no

strong associations between the pre- and post-scores for these domains.

Further analysis was carried out using ANCOVA to test whether the improvement in scores
was associated with either sex or educational status defined as having at least an
undergraduate degree or not. Of all participants, 13 individuals had at least an undergraduate

degree and 15 were female. The results showed no association between sex and having a
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degree with the improvement in test scores (p=0.334, Effect size (Partial Eta Squared):

0.97)). In addition, the follow-up questionnaire also evaluated participants’ comprehension of
the lecture information by assessing how much of the information presented during the
lecture was understood by participants. The response options included “all information”,
“most information”, and “few information” indicating the amount of information
comprehended from the lecture. All participants reported high comprehension levels as the
selected responses were either the "all information" or "most information" options and none

of the participants indicated that they had only grasped a few of the information presented.

At baseline, participants views’ about how much processed foods a healthy diet should
contain varied greatly such that 14 participants believed that their diet should consist of no
processed foods, while 19 participants believed that it may contain small amounts of
processed foods, whilst the rest of participants selected “I am unsure” as a third option. On
the follow-up questionnaire the number of participants selecting “I am unsure” decreased to
only 2 individuals, whilst the number of respondents selecting the option “It may contain

small amounts of processed foods” increased to 28.

Concerning the question regarding whether eating meat is unethical or immoral, 14 agreed
with the statement, but the rest of participants (n=23) did not believe eating meat was
unethical or immoral. The view that meat consumption is unethical was not associated
significantly with any of the three dietary patterns (p=0.254).

Before the lecture, 18 of the 37 participants believed that a plant-based diet is nutritionally
adequate without the use of supplements, however there was a significant decrease in the

number of participants who held this view after the lecture (p=0.03). The follow-up
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questionnaire sent out at 4-weeks showed that only 2 participants believed that a vegan diet

contained all essential nutrients without supplementation (p<0.01).

Furthermore, it was tested whether the lecture-based educational intervention had an
influence on what participants considered as important as a basis for dietary practice.
Participants were asked before and after the lecture about what they thought was more
important in influencing their dietary decisions with options “The Bible or religious writings”
or “Science” or “Both”. According to the pre-lecture questionnaire, 18 of the 37 respondents
selected the option “Both”, whereas this has increased to 30 out of 37 on the post-lecture

questionnaire, which was a significant change compared to baseline (p=0.04).

With regard to the impact of the presenter type on participants’ trust in the presented
information during the lecture, 27 participants expressed on the follow-up questionnaire that
they trusted the information more because the presenter was a nutrition professional. On the
follow-up questionnaire, 28 out of the 37 participants indicated that they would consult a
dietician or nutrition professional in the future, and this was independent of gender (p=0.25)
or educational status (p=0.45), although both of these factors have previously been shown to

be associated with increased willingness to use dietetic support (Tol et al., 2012).

Participants were asked at follow-up if the educational intervention enabled them to make
changes to their diet or lifestyle, and 35 of the 37 participants stated that the lecture enabled
them to put into practise the presented information because it provided specific dosages of
supplements as well as exact information about nutritional content of certain food items. This
shows that the improvement in test scores was follow by improvements in diet related

behaviour for a large proportion of the participants. Furthermore, all participants stated on the
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follow-up questionnaire that the educational intervention was useful and informative as it

addressed concerns specific for Adventist populations.
6.3.1.1

6.3.1.2 COVID-19

Out of the 37 participants, 12 reported having been vaccinated against COVID-19, whilst 25
had not received a vaccine against COVID-19. The reasons selected by respondents for not
taking a vaccine are summarised in Figure 18. On the follow-up questionnaire only 8
participants indicated that they had taken or would be willing to take a vaccine against
COVID-19, however this decrease in the number of participants was not statistically

significant (p=0.42).

Figure 18. Reasons for rejecting COVID-19 vaccination expressed as a percentage (%)

of the total number of respondents.

Percentage of participants (%)

m Worried about side effects = Lack of access to vaccination

= Had natural immunity Negative vaccine information
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Four weeks after the initial survey, a small subset of the study group, consisting of 3
individuals, reported that they had been infected with COVID-19 during the follow-up
period. Additionally, 22% (n==8) participants were motivated after the lecture to start using
dietary supplements specifically for the purposes of preventing or treating COVID-19, which
is a considerable proportion of the total sample. The supplements adopted included vitamin D
by five participants, zinc by two, and curcumin by three to assist in preventing or treating the
infection. Notably, the follow-up responses revealed that 29 out of the 37 participants had
experienced a shift in their perspective and views regarding the effectiveness of dietary
supplements for COVID-19 prevention and treatment after the lecture. This change in attitude
was not significantly different between male and female participants (p=0.26), which seems
to suggest that the educational intervention had a uniform impact across genders in boosting
confidence in the preventive and therapeutic potential of certain supplements against
COVID-19.

At baseline, out of 37 participants, nearly 60% (n=22) held the belief that herbal or dietary
supplements were safer than vaccines. However, this viewpoint was not statistically linked to
a specific dietary pattern (i.e., vegan or vegetarian) (p=0.93). Similarly, there were no
significant gender-based (p=0.28) or education level-based (p=0.41) differences that
determined this belief, suggesting that these factors did not influence participants' trust in

supplements over vaccines.

6.4 DISCUSSION

This was the first study, which has assessed the nutritional knowledge of plant-based
Adventists living in the UK. The baseline knowledge of participants was deemed to be low as

their average pre-lecture score was only 8 out of 25. However, this study showed that an
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expert-led lecture-based educational intervention tailored for Adventists was effective in
improving participants’ nutrition knowledge and resulted in behaviour change towards a
more nutrient conscious approach as revealed in the follow-up questionnaire at 1-month post-
intervention. Beyond increasing participants' understanding of the role of essential nutrients
and how to obtain them on vegan and vegetarian diets, the intervention led to a notable shift
in beliefs about supplements and fortified foods, particularly in relation to correcting the
misconception that a vegan diet does not require supplementation and that supplements are
not healthy because they are synthetic. The 4-week follow-up survey showed that 49% of
participants began taking supplements they had not used previously, and 59% reported
increasing their use of fortified foods. These results indicate that the intervention not only
improved knowledge but also effectively influenced attitudes and beliefs and initiated
behaviour change among a large proportion of participants, thereby successfully achieving
the intervention’s primary aim. This further supports the usefulness of the Health Belief
Model (HBM) in the Adventist context, since the study showed that changing the perception
of participants about their risk of nutritional deficiencies motivated them to adopt their

behaviour towards supplementation and fortified food consumption.

This is the first educational intervention study which recruited Adventists living in the United
Kingdom, however there aren’t many such studies specifically investigating Adventists
outside of the UK either. Kent et al. (2015) recruited Adventists in North America and used
the Complete Health Improvement Program (CHIP) to influence participants’ attitudes
toward a healthy lifestyle and their nutritional literacy. In that study, 21.8% of participants
were Adventists, whilst the rest were non-Adventists, which differs from the design of this

study as it did not have a control group.
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6.4.1 Educational interventions

The educational intervention utilised in this study aligns with the principles and fits the
definition of a brief intervention as set out in the NICE guidelines (PH49) (National Institute
for Health and Care Excellence, 2014), which are brief and structured discussions used to
motivate people who may follow unhealthful behaviours to make changes. In the context of
this study, it can be argued that a diet which is deficient in some essential nutrients may be
considered damaging to health. Brief interventions are designed for health providers in the
context of the NICE guidelines; however the Adventist church places a large emphasis on
health promotion, which is usually carried out by church members and leaders who are
healthcare professionals. In fact, Adventist church conferences have hired nurses since the
beginning of the 20th century to serve as health missionaries for church members and local
communities (David, 2024).

Therefore, church-based health promotion strategies within the Adventist church could
incorporate a similar educational intervention to the one described and tested in this study
with more regular follow up to ensure that members who follow a plant-based diet are well
informed of the dangerous of nutrient deficiencies and receive sufficient support and
encouragement to implement dietary changes into their lifestyles. In order to be more
compliant with the NICE guidelines regarding interventions that encourage behaviour
change, the church promotion strategies should incorporate interventions, which last for at
least twelve months in order to allow sufficient time and maintenance of support for sustained
behaviour change. The importance of the provision of continued support to participants is
further confirmed by Baird et al. (2009). The authors highlighted that health interventions
with an educational component, which also integrate continued support, and a social support

structure are more likely to achieve behaviour change. This present study did utilise an
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educational component, however it lacked the components of social support and provision of
continued support, which are important criticisms of the study.

The follow-up questionnaire to assess potential behavioural changes following the
intervention was sent to participants 4 weeks after the lecture. The optimal timeframe to
follow-up with participants following educational interventions depends on the type of the
intervention. This study utilised a 4-week follow-up similar to the study conducted by
Amoore et al. (2023), which assessed the influence of a nutrition education intervention on
medical students’ nutrition habits and nutrition care knowledge. The relatively short follow-
up time can be justified in these instances as neither study assessed changes in disease
incidence rates, biomarkers, or bodyweight all of which may require a longer follow-up. In
this regard, the 4-week follow-up period provided sufficient time for participants in this
present study to implement some of the information presented to them concerning dietary
supplements in the lecture if they felt motivated to do so. Moreover, the follow-up
questionnaire revealed that the educational intervention successfully impacted participants'
self-efficacy regarding supplement use. However, church-based health promotion strategies
utilising a similar intervention should implement longer follow up with more frequent contact
with participants to help sustain behaviour change.

A number of systematic reviews have shown that interventions that have aimed to change
participants’ dietary, lifestyle or health behaviours can be effective (Van Teijlingen et al.,
1998, Knai et al., 2006, Baird et al., 2009), however there are important limitations to these,
which must be mentioned. Similarly to this present study, many of the dietary behaviour
change interventions are non-randomised studies without the presence of a control group
(Reed, 2005). Since the gold standard of evidence in nutrition and medical sciences are
randomised, controlled trials, studies which lack any or all of these components may have an

increased risk of bias. However, it has also been argued that it is unethical to recruit a control
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group who would be withheld educational information, which is one of the reasons
educational interventions only have a single arm (Torgerson, 2002). Additionally,
interventions often have very different designs, study durations, data collection methods and
sample sizes, which can increase heterogeneity and limit the validity of the systematic review
findings (Reed, 2005). However, it is not always feasible to conduct an adequately powered
double-blind, randomised, controlled trial of an educational intervention, especially in the
field of nutrition, therefore it is suggested that systematic reviewers set carefully planned
inclusion and exclusion criteria to include only interventions that are similar in their design
(Reed, 2005). On the other hand, it is important that researchers who conduct educational
interventions use appropriate reporting methods, such as the CHERRIES checklist, to aid and
improve the quality of future systematic reviews (Reed, 2005).

The best quality evidence regarding health interventions comes from a Cochrane review,
which showed that community interventions have a small effect in reducing smoking
prevalence (Secker-Walker et al., 2002). This review only included controlled studies,
although only 4 out of 37 of them used random allocation of communities. However,
changing people’s behaviour to help them stop smoking requires a much more complex
intervention than influencing people to take a dietary supplement or consume fortified foods,
like in this present study. Therefore, although the non-randomised design of this study may
be a limitation, this educational intervention is still useful in raising awareness about the low
knowledge of vegan Adventists living in the UK about essential nutrients, and showed that
the tailored educational content was able to motivate them to put into practice the presented

information.

The educational intervention was delivered in the form of an online lecture by a nutrition

professional, which may have contributed to the success of the intervention based on the
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findings of a systematic review and meta-analysis by McGavock et al. (2020) which showed
that expert-led interventions targeting weight loss were associated with greater reductions in
weight than interventions delivered by non-professionals. The follow-up questionnaire
revealed that most participants trusted the presentation due to the qualification of the
presenter. This is further confirmed by the meta-analysis published by Treciokiene et al.
(2021) in the context of healthcare professional led lifestyle interventions which led to
significant improvements in blood pressure measurements. Furthermore, the lecture aimed to
address potential barriers Adventists may hold concerning supplements such as their

perception as being not natural and thus unhealthy.

This educational intervention showed that an evidence-based health education, tailored for a
religious population, in this case Adventists, can successfully address nutritional risks
without undermining core beliefs, when the presented information is contextualised within
their worldview. Appealing to sources in the lecture material, which was perceived as
authoritative by the Adventist participants such as the General Conference position stand on
topics relating to diet and nutrition contributed to the acceptance of the intervention, which
can be a useful strategy for health promotion campaigns targeting other types of religious

groups.

6.4.2 Theoretical framework

The lecture presentation emphasized the potential risks of nutritional deficiencies associated
with vegan diets and the perceived benefits of supplementation; therefore, the lecture was
theoretically guided by the Health Belief Model framework. A systematic review and meta-
analysis published by Jones et al. (2013) showed that this health promotion model can be an

effective tool to promote adherence in intervention studies and is based upon the observation
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that perceived barriers and benefits are the strongest predictors of behaviour change. The
findings of our study are in agreement with the findings of the meta-analysis as most
participants had a change of view concerning the adequacy of plant-based diets and the need
for supplementation which may be perceived as potential barriers. By addressing these
barriers in the lecture, many participants were motivated to adopt dietary supplements or

fortified foods.

During the lecture, information from reputable official dietary guidelines such as the Position
of the American Academy of Nutrition were presented to participants, which confirmed that
plant-based diets may reduce the risk of several chronic diseases, however, it was also
highlighted in the lecture that the guidelines emphasized that vitamin B12 must be obtained
from supplements or fortified foods (Melina, Craig and Levin, 2016). The post-lecture and
follow up questionnaires confirmed that participants' beliefs and views concerning the
nutritional adequacy of plant-based diets significantly changed as there was a large increase
in the number of participants who seemed to have changed their minds about the need for

supplementation or at least vitamin B12 on a plant-based diet.

Although the Adventists recruited for this study followed a plant-based diet, the majority of
them did not consider the consumption of meat as unethical or immoral. This differentiates
plant-based Adventists from regular vegans as a literature review by Hargreaves et al. (2021)
suggested that most people become vegan for ethical reasons, which is most often related to
animal rights concerns. Although this conflicts with the findings of Anderson and
Milyavskaya (2021) who showed that only 20% of the vegans participating in their study
were motivated by animal welfare reasons and 42% started following the diet for health

reasons. Plant-based Adventists are also different from the typical vegan or vegetarian as
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previous studies have shown an association between following plant-based diets and having
liberal values (Hopwood et al., 2020), whereas Adventists are a conservative Protestant group
(Phillips et al., 1978).

The views of participants in this study concerning processed food intake mostly reflected
minimal or no intake suggesting that the Adventists in this cohort consumed little to no
processed foods which confirms that the sample of Adventists in this study were
representative of the wider Adventist community since this view of minimising processed
foods is a commonly held view held by Adventists that the optimal diet should be based on
wholefoods. Orlich et al. (2022) also showed in their cohort of 77,437 Adventists that the
average consumption of ultra-processed foods was 27.4% of daily energy intake which is in
great contrast with the consumption of ultra-processed foods typical in western populations.
For instance, the National Health and Nutrition Examination Survey (NHANES) evaluated

ultra-processed food intake among 9317 Americans (Martinez Steele et al., 2016).

Ultra-processed foods made up a considerable portion of individuals' energy intake,
accounting for 57.9% of their total daily energy intake, which also meant that ultra-processed
foods were found to be a major contributor to the consumption of added sugars, providing
89.7% of the energy derived from these sugars. Additionally, Vang et al. (2008) showed that
90% of Adventists never consumed processed meats whilst 10% consumed them on a weekly
basis. Therefore, it is evident that Adventists not only believe that the consumption of ultra-
processed foods should be minimised, but they have actually been shown to be low

consumers of these foods.

6.4.3 COVID-19

218



It may be somewhat surprising or unexpected that the most common reason selected for
refusal of COVID-19 vaccination was the concern about potential side effects, since ethical
reasons such as the use of aborted human foetal cells or porcine components are usually the
most popular among fundamentalist religious groups for refusing vaccines (Wombwell et al.,
2015). This may be somewhat unexpected, and it highlights a shift in vaccine hesitancy
drivers from purely religious or ethical to health-related anxieties. Although, the findings of
this study are in agreement with the results of Lernout et al. (2009) who investigated the
reasons behind measles vaccine hesitancy among the orthodox Jewish community and
showed that the most common reason for refusing to take a vaccine against measles was due
to fears of side effects. This suggests that concerns over potential adverse effects may
transcend specific religious beliefs, therefore, approaches that are based on prioritizing
societal health over traditional ethical concerns should contain clear communication
regarding vaccine safety and efficacy if they aim to target religious groups such as Seventh-
day Adventists.

Similarly to this study, Botabara-Yap et al. (2023) utilised the HBM as a theoretical
framework to investigate the views of Asian Adventists of the COVID-19 pandemic,
including vaccination. Although, the authors reported that over 67% of participants showed
an intention to be vaccinated, perceptions on vaccine benefits were generally low, whereas
perceptions of low susceptibility to the infection were high. These results agree with the
findings of this study regarding low belief in COVID-19 vaccines, since 60% of the
participants in this study stated that herbal supplements were safer than vaccines. These
findings suggest that there is a need for appropriately educating Adventists regarding vaccine
side-effects and addressing other potential barriers, which should be incorporated into the

health promotion campaigns of the church in and outside of the UK.
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There are numerous examples of public health agencies working in cooperation with religious
communities and leaders during the COVID-19 pandemic, which can be an effective strategy
to encourage adherence to public health guidelines (Ayub et al., 2023). Adventist health

leaders should aim to seek advice and collaboration with public health to inform their church-

based health promotion strategies in future infectious disease pandemics.

6.4.4 Supplement use for COVID-19

Regarding the use of dietary supplements for the specific purpose of treating or preventing
COVID-19, 25% of participants in this study began their use following the educational
intervention. These supplements included zinc, vitamin D and curcumin, all of which have
been shown to have a significant effect on immunity against COVID-19 or help in the
treatment of the infection. The use of dietary supplements for the treatment and prevention of
COVID-19 have been extensively studied. For instance, Khasawneh et al. (2022) showed in a
cross-sectional analysis that 35%, 39 and 49% of their participants, who were living in the
country of Jordan, used vitamin D, zinc and ascorbic acid respectively for the purpose of
improving their immunity against COVID-19. Mukattash et al. (2022) surveyed 2100
individuals in the Middle East and showed that 44% of participants experienced changes to
their eating habits during the COVID-19 pandemic, with 21% held the belief that dietary
supplements offered protection against COVID-19, while 45% thought they could be useful
in the treatment of the infection. These results further corroborate that other religious groups
such as Muslims may hold similar beliefs about the usefulness and safety of natural

supplements as Adventists.

In addition to the data derived from observational research, interventional studies in the form

of randomised controlled trials (RCTs) have been conducted to test the effect of nutritional
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supplements on COVID-19 related outcomes. Varikasuvu et al. (2022) showed, based on the
pooled result of RCTs that vitamin D supplementation significantly reduced COVID-19
positivity and severity by 54%, which is thought to be attributed to its anti-viral, immuno-
modulatory and anti-inflammatory effects. Similarly, evidence regarding zinc
supplementation suggests that it significantly reduces COVID-19 mortality due to its antiviral
properties through the activation of immune cells such as macrophages and natural killer cells
(Tabatabaeizadeh, 2022). Furthermore, a meta-analysis of clinical trials involving patients
hospitalised with COVID-19 showed that supplementation with curcumin significantly
reduced the symptoms and hospital stay of patients as well as their risk of death (Vahedian-
Azimi et al., 2022). The authors found evidence that curcumin can ameliorate the cytokine
storm associated with COVID-19 infection by significantly reducing pro-inflammatory
cytokines. On the other hand, vitamin C supplementation demonstrated no significant effect
on the length of hospitalisation in a meta-analysis of 6 RCTs (Rawat et al., 2021).

In addition to dietary supplements, plant-based diets have been shown to lower the risk of
COVID-19 infection (Papadaki et al., 2024). Some of the biological mechanisms involve the
presence of polyphenols in plant foods, which are abundant in plant-based diets, and have
been shown to exert anti-microbial properties. Furthermore, plant-based diets may also
contain high amounts of antioxidants such as vitamins E and C that can improve immune
function and are associated with a lower risk of obesity, which is an important risk factor for
COVID-19 infection (Morais et al., 2020). On the other hand, plant-based diets may contain
low amounts of vitamin B12, therefore the European Food Safety Authority (EFSA) advises
the use of biomarkers such as serum cobalamin or holotranscobalamin to assess nutrient
status (Fernandes et al., 2024). The use of vitamin B12 supplements have been shown to
increase serum cobalamin levels (Gallego-Narbon et al., 2018) and is therefore an effective

way of improving vitamin B12 status. Furthermore, supplementation with vitamin D has also

221



been shown to increase vitamin D concentrations in serum as indicated by the levels of 25-

hydroxy and 1,25-dihydroxy vitamin D (Khodadadiyan et al., 2023).

At baseline, 59% of Adventists in this study believed that dietary supplements were safer
than vaccines in the context of COVID-19. This hesitancy towards vaccine safety could have
been the result of a scepticism towards the new vaccines developed against COVID-19 using
a new technology in a relatively short time as have been reported in previous surveys (Wong
et al., 2022), however another potential source of hesitancy could be the writings of the
church’s founder Ellen G. White, who living in the 1800s expressed concerns about the use
of medications. In the book “Healthful Living” she is quoted as stating “We are not excusable
if, through ignorance, we destroy God's building by taking into the stomach poisonous drugs
under a variety of names we do not understand.” (Ellen White, 1896) and in another book she
wrote “The inclination to use poisonous drugs, which kill if they do not cure, needs to be
guarded against.” (White, 1936). As Adventists believe that her writings were the result of
divine inspiration, they are held in high esteem and such statements as quoted above may
have led some to misinterpret them. Historical context is important in regard to her comments
regarding drugs since drug development was certainly not as safe or well-regulated as it is
today and she seems to have been most concerned about the potential side effects people
experienced which is evident in her following statement “Paralysis of the brain and tongue is

often the result, and the victims die an unnatural death” (White, 1936).

In summary, Adventists are exposed to health messages through various church interactions
such as sermons, bible studies and regular health workshops, which are a great way to
reinforce the Adventist health principles among its members. These provide a great

opportunity to emphasise the importance of dietary supplements in the context of a plant-
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based diet. Therefore, health promotion activities carried out by the church should aim to
address the previously mentioned barriers about supplementation and medicine use to enable
members to correctly understand and interpret these topics. By addressing misconceptions
and informational barriers during church activities, the Church can ensure that its members
fully understand the connection between health practices and their faith-based texts and

teachings.

6.4.5 Strengths and Limitations

The results of this study have been reported using the CHERRIES checklist, which is a tool
developed to improve the quality of studies utilising online surveys (Eysenbach, 2004).
Adherence to this guideline ensures the transparency of reporting study methods and results,
thereby improving the quality of this study.

Another important strength of this study is the 100% response rate on the post-lecture and the
follow-up questionnaires. The assessments at three different timepoints add further to the
strengths of this study as it allows for the investigation of the intervention’s immediate and
longer-term impacts. Furthermore, the study didn’t just assess the impact of the educational
intervention on participants’ knowledge and beliefs, but it also assessed behavioural change
at follow-up. In addition, basing the educational intervention on the Health Belief Model
provided a strong theoretical framework, which may have enhanced the intervention’s design
and effectiveness. The use of the Health Belief Model as a guiding framework likely
facilitated a more targeted and relevant educational experience, addressing specific
perceptions and behaviours related to nutritional supplements. On the other hand, the Health

Belief Model of behaviour change has important limitations.
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Moreover, the lecture presented information about nutritional supplements using high quality
studies such as systematic reviews and meta-analyses. This means that the information
provided to participants was evidence-based, current, and reflected the results of the entirety
of the literature available at the time. This emphasis on high-quality evidence likely
contributed to the credibility of the information in the eyes of the participants. To ensure that
participants were informed about the various forms of scientific evidence, the lecture
incorporated the levels of evidence hierarchy pyramid (Tannenbaum and Sebastian, 2021),
which provided a visual representation of the concept.

The online nature of this study may be perceived as a potential limitation, however
anonymity in online surveys has been shown to reduce response bias resulting from social
desirability and may reduce anxiety experienced by the participants (Joinson, 1999).

Finally, the questionnaire showed a high internal consistency during the validation study,
which likely improved its reliability. However, it is important to acknowledge that even with
high internal consistency, the external validity of the findings might be limited by the study's
sample size and composition of participants since those who volunteer for dietary or lifestyle
interventions might be more motivated or health-conscious than the general population,
potentially influencing the generalizability of the results. On the other hand, the sample size
of the study was determined a priori, ensuring that the sample size was adequate to detect a
statistically significant change in the pre- and post-lecture scores. This enhances the statistical
power of the study and reduces the likelihood of Type II errors, although the pilot study for

the validation of the questionnaire was conducted using only 6 individuals.

A potential limitation of the test-retest reliability of the questionnaire is that participants
could potentially remember the correct answers after taking the test the first time, therefore

the correct answers were not provided to participants after questionnaire completion in the
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pilot. The time period of one week between the two questionnaires during the pilot further
prevented recall bias (Aithal and Aithal, 2020).

Another potential limitation of this study is the generalizability of the results to non-
Adventist plant-based populations due to the fact that the Adventists are a particularly health-
conscious group, which is evident by their abstinence from smoking and alcohol.
Furthermore, the generalizability of this educational intervention may also be limited by the
availability of fortified foods and vitamin supplements across the globe as they are widely
available and affordable in the UK but may not be as accessible in other parts of the world.
A further limitation of the study is the lack of socioeconomic data collected, however a
previous study found that nutritional knowledge was not significantly associated with
socioeconomic status (Yu et al., 2020), whereas educational status has been positively
associated with better nutritional knowledge (Lane et al., 2013). Data concerning educational
status, however, was collected in this study, but having a higher educational background (i.e.
undergraduate degree or above) showed no association with the improvement in test scores.
This also shows that despite the complexity of the presented information, it was
understandable by all participants and not just by the more educated ones, thereby addressing
another potential limitation of the study, namely that the lecture material could have been too
complicated or difficult to comprehend for some participants.

This is further confirmed by the fact that all participants indicated having understood all or
most of the information presented during the follow-up survey, and there was not a single

participant who expressed that they only understand some parts of the lecture.

It may also be a limitation that the participants were only exposed to the intervention once
because repeated exposures may be more effective. A study published by Serret-Montoya et

al. (2023) reported that repeating the educational intervention at 6 months improved the
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attitude of participants towards to intervention, although it didn’t further impact their
knowledge.

The follow-up questionnaire at week 4 collected information about whether the educational
intervention motivated participants to make changes to their diet or lifestyle or not, and as
such it may be subject to self-reporting bias as participants could under- or overreport
behaviours based on whether they are perceived as socially desirable or not (Latkin et al.,
2017). Additionally, the reliance on self-reported data may not only reflect potential biases in
reporting but also in memory, however the four-week follow-up period can be considered a
relatively short period, making it easier to recall information concerning whether a person has

started taking a new supplement or not.

Willingness to participate in research may also be a source of various biases. For instance, a
previous survey by Farha et al. (2020) showed willingness to volunteer in a research study
was positively associated with having a degree, thus indicating that a higher lever education
is associated with willingness to participate in research, however this was not the case in this
sample as only 13 participants had a degree and 24 did not.

Furthermore, it has been shown that participants who are willing to engage in health
promoting behaviours are more health conscious and have more healthy lifestyle practices,
which is called healthy user bias (Espinosa and Kadi¢-Maglajli¢, 2018). Healthy user bias
may limit the generalisability of the findings of this educational intervention, however since
Adventists are considered a health-conscious group, it is likely that those who took part in
this study are representative of the general plant-based Adventist community in the United

Kingdom.
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6.5 CONCLUSION

This lecture-based educational intervention study conducted in the United Kingdom has
proven to be effective in enhancing the nutritional knowledge of Seventh-day Adventists
following a vegan or vegetarian diet. The findings of this study contribute to the growing
body of evidence that highlights the efficacy of educational interventions in encouraging
individuals to make healthier lifestyle choices, including the appropriate use of dietary
supplements and fortified foods, particularly among those Adventists who consume a plant-
based diet. Notably, the educational intervention didn’t only increased participants'
knowledge but also motivated a significant proportion of them to proactively start the use of
vitamin B12 supplements in their daily routines and pay more attention to consuming
fortified foods. These findings suggest that tailored educational interventions can play a
significant role in motivating Adventists to make health-related behaviour changes by
influencing perceptions about the risk of nutrient deficiencies on vegan and vegetarian diets.
Given the findings of this study, it is suggested that similar brief interventions utilising expert
led educational interventions with more frequent follow-ups be implemented by Adventist
health leaders.

However, it is important to note that further extensive and longer-term studies are necessary
to corroborate these findings and to evaluate the long-term impact and sustainability of such
educational interventions, especially in different geographic areas where dietary supplements
and fortified foods may not be as readily available as they are in the UK. Finally, the results

may not be generalisable to non-Adventist plant-based populations.

227



7 Chapter 7. General Discussions

7.1 MAIN FINDINGS

This is the first in-depth investigation of the diet and lifestyle of UK Adventists in the
context of COVID-19 disease risk. The aim of this thesis was to investigate how the dietary
practices and lifestyle of Seventh-day Adventists influenced COVID-19 outcomes. Based on
the findings of this thesis, the Adventist dietary practices, especially the consumption of
plant-based diets and abstinence from alcohol and red meat, seem to be protective against
COVID-19 disease. In addition, Adventists were shown to experience fewer long-COVID

symptoms, which is another important finding of this research.

Evidence from the literature shows that plant-based Adventists are generally not at an
increased risk of nutrient deficiencies due to their diet, which also meant that there was no
evidence to suggest that they had a higher COVID-19 risk. In fact, they were shown to have a
lower COVID-19 risk than the non-Adventists recruited in Study 1. Regardless, this thesis
highlights the importance of addressing the nutrient adequacy of plant-based diets among
church members due to the low nutrient knowledge scores observed in the educational

intervention study presented in Chapter 6.

A second potentially contributing lifestyle factor to the lower infection risk associated with
the Adventist lifestyle is the widespread use of stress management techniques such as prayer
or Bible reading, which was shown in the prospective cohort study. With regard to the
potential mechanism underlying this observation, it’s been suggested that unhealthy lifestyle
habits such as alcohol consumptions and poor sleep hygiene can lead to increased anxiety,

which may result in increased COVID-19 susceptibility. Another potential biological
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mechanism is the higher serum cortisol level observed in COVID-19 patients, which
negatively influences immune function and has been shown to be associated with increased
mortality from COVID-19 (Tan et al., 2020). Therefore, appropriate stress management

resulting in lower anxiety levels is directly associated with a lower risk of infection.

Chapters 1 and 2 presented essential background information on the role of religion on
health, which served as the basis for subsequent chapters, where the focus narrowed down to
Adventists specifically and how their religiously motivated dietary habits may influence
COVID-19 risk.

The systematic review described in Chapter 3 synthesized the available evidence on the risk
of COVID-19 and other infectious diseases among Adventists. The review found limited but
suggestive evidence that the Adventist lifestyle, characterized by a plant-based diet and
abstention from alcohol and smoking, might contribute to a reduced prevalence of certain
infectious diseases. However, the overall quality of the included studies was low, and more
robust research is needed to confirm these findings. An important gap was identified in the
literature regarding the risk of COVID-19 among Adventists as none of the three included
studies investigated the risk of COVID-19 among Adventists. The findings of this literature
review, therefore, informed the design of the study described in Chapter 4 such that a control
group of non-Adventists were recruited, and a 2-year follow up period was incorporated into
the study design, which allowed for the calculation of COVID-19 incidence among both
groups. These are considerable improvements in study design compared to previous research
on this topic and the use of a food frequency questionnaire allowed for the investigation of

the impact of dietary factors on COVID-19 risk.

The novel finding from Study 1 is the significantly lower COVID-19 incidence over the 2

years of follow up among Adventists compared to non-Adventists as well as a significantly
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lower risk of experiencing symptoms of long-COVID. The only significant predicter of a
lower COVID-19 risk was plant-based dietary status as shown by the logistic regression
analysis. This suggests that the adherence to a plant-based diet among Adventists may be a
significant contributor to their lower COVID-19 infection incidence, which is further
confirmed by the finding related to a higher COVID-19 risk at baseline among the highest

red-meat consumers.

Interestingly, a lower incidence rate of COVID-19 among Adventists was observed despite
their higher age and lower vaccination rate as compared with non-Adventists. Furthermore,
Adventists were shown to use less dietary supplements such as vitamin D and B12, which
would be expected to increase the risk of COVID-19 infection, however Adventists may
obtain these essential nutrients via other means such as fortified foods or supplementation
with a multivitamin, which may explain the observed results concerning the lower infection
risk. The topic of potential nutritional deficiencies among plant-based Adventists was further
explored in Chapter 5, in the form of a systematic review, which focused on the intake and
serum levels of essential nutrients among plant-based Adventists, which could have an
impact on the risk of infectious diseases such as COVID-19. The review found no significant
differences in serum vitamin B12 levels or daily intake between plant-based Adventists and
omnivore controls. Despite the adequate intake of most nutrients, some studies reported lower
intakes of iron, calcium, and zinc among Adventists, suggesting potential areas for further
investigation, a finding with important health promotion implications for Adventists.
However, this thesis showed that Adventists who consume a vegan or vegetarian diet are not

at an increased susceptibility of COVID-19 due to nutritional deficiencies.

Study 2 demonstrated a significant increase in nutritional knowledge following a lecture-

based educational intervention, although the baseline scores showed evidence of poor
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knowledge. The post-lecture test scores showed an 11-point improvement compared to pre-
lecture scores, indicating that the intervention effectively enhanced participants'
understanding of essential nutrients and dietary practices. This study also revealed that the
intervention influenced participants' dietary behaviours, leading to increased use of

supplements and fortified foods.

7.2 GENERAL LIMITATIONS

The self-reported data concerning COVID-19 infections, dietary habits and other lifestyle
factors may be subject to recall bias and misreporting. This is a known limitation of
observational studies that collect self-reported data. As Study 1 was launched during the
COVID-19 lockdowns, participants could not be recruited in-person as the churches were
closed, however the use of validated questionnaires and the 2-year follow-up period greatly

improved the quality of the study.

The studies described in Chapters 4 and 6, which involved original data collection may be
perceived as having a relatively small sample size; however, both were adequately powered

with the aid of sample size calculations.

Although Study 1 had a longer, 2-year follow-up period, it was only a month in Study 2,
which may be perceived as a limitation, however similar studies have also used similar time
periods to assess behaviour change, although diet related behaviour change maintenance may
require interventions longer than 24 months (Fjeldsoe et al., 2011), although participants in
this study did not have to adopt a new diet, but were only encouraged to make a simple
behaviour change of either using dietary supplements or fortified foods. This relates to
another potential limitation of the study and the whole thesis, which is the use of the health

belief model as a theoretical framework. The major limitations of this model have been
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described in great detail elsewhere in this thesis. Despite its limitations, it has been one of the
most influential theories of behaviour change, which is evident in its growing use over the

past years (Alamer, 2024).

With regard to the systematic reviews, both of them highlighted the scarcity of high-quality
studies, which underscores the need for more rigorous research in the area of the Adventist

lifestyle and its association with COVID-19 and other infectious disease risk.

It is important to highlight that the evidence derived from this thesis cannot infer causality
with regards to the protective nature of the Adventist lifestyle against COVID-19 disease.

Randomised controlled trial data would be required for causal inferences.

Additionally, a variable, which may have had an influence on a number of outcomes
investigated in this thesis is religiosity, which has not been considered in detail in this work.
Religiosity can be defined as the extent to which religious practices such as prayer or church
attendance are expressed (Jacksaint Saintila et al., 2022). A study conducted by Tan et al.
(2016) involving a cohort of Malaysian Adventists, highlights the potential influence of
religiosity as it showed that following a vegan or vegetarian diet was associated with being
more dedicated to the faith of Adventism, therefore the adherence to a plant-based diet may
be indicative of an individual’s commitment to and belief in the writings of Ellen G. White,
which may also suggests a potential association between vegetarianism and religious beliefs
and views on other topics such as medication use, vaccines and dietary supplements, which

should be further investigated in future research.

7.2.1 The challenges of researching the association between religion and health
This thesis hypothesized that religion and religious practices, especially in the context of

Adventism, have an influence on health. However, studying health in the context of religion
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presents a number of challenges, which may be ethical, methodological or even cultural
(Koenig et al., 2012). Oman and Thoresen (2002) also highlight the numerous challenges that
are present in researching the association between religion and health, while also
emphasizing the difficulty of deciphering the diverse pathways through which religion
impacts health. The authors suggest that at least 4 mechanisms are responsible for the
positive effects of religion on health which are (1) religion’s promotion of healthy lifestyle
behaviours, (2) its positive effects on psychological well-being, (3) the social support

structures it offers and (4) potential ‘super empirical’ influences such as intercessory prayer.

In addition to self-reporting bias, which is the inaccurate reporting of participants’ religious
practices or health behaviours, social desirability bias is often present in research focusing on
the topic of religion and health (de Oliveira Maraldi, 2018). For instance, Stavrova et al.
(2013) investigated subjective well-being of religious individuals and found that their
responses were influenced by the extent to which following their specific religion was
socially desirable within the country. de Oliveira Maraldi (2018) suggests that this may be
due to the fact that religious individuals may have a heightened sensitivity to moral values
and social norms, therefore, they are naturally seeking socially desirable behaviours.
Furthermore, there are numerous other potential confounding variables not mentioned
previously such as socioeconomic status, educational status, levels of religiosity and lifestyle,
all of which can influence the results of studies that focus on the topic of religion and health
and make it difficult to isolate religion’s impact on health as these variables may be difficult
to adjust for, which may lead to over- or underestimation of effects (Koenig, King & Carson,
2012 and Jokela, 2021). For instance, it can be difficult to measure religiosity or spirituality
because of the subjective nature of these constructs as well as their multidimensionality

(Baumsteiger and Chenneville, 2015). Religiosity encompasses easily quantifiable and
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measurable aspects such as church attendance, regularity of prayer or adherence to religious
doctrines, however it also includes faith and religious identity, which are difficult to measure.
Baumsteiger and Chenneville (2015) further highlight the challenge of attempting to translate
deeply personal and qualitative experiences such as faith and spirituality into quantitative
data, which lead to oversimplification of these complex constructs, potentially overlooking
essential aspects of their richness and significance.

Considering all of these factors as potential confounders can lead to overadjustment as
confirmed by the earlier meta-analysis of McCullough et al. (2000), who found that the more
rigorous statistical adjustment was used in a study, the weaker the association became
between religious involvement and mortality. This indicated that other factors, such as
demographic, psychosocial, or health-related variables had a significant influence on the
results. One of the important confounders was shown to be bodyweight as studies that did not
account for obesity or body mass in their statistical analysis had greater effect size estimates
than studies that adjusted for this variable, although it could also be argued that religion

contributed to the lower bodyweight, thereby influencing mortality (Yeary et al., 2017).

Furthermore, there are differences and variations in religious beliefs and practices, which are
influenced by cultural and regional factors. This means that there can be differences among
followers of the same religious tradition based on their geographical location such that
Christians in Europe may practice their faith differently from those in Africa, Asia or the
United States, and this helps explain the globally observed variations in how religion and
health are connected (Zimmer et al., 2019). It is acknowledged by Zimmer et al. (2019) that
most of the research on the relationship between health and religion has been conducted in
the United States, and there aren’t a great deal of studies investigating the same topic on

individuals living in Europe or the United Kingdom. The authors showed that the country
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where religious participation is the most strongly associated with better health is Cyprus and
the country where religious people have the worst health is China. This highlights the fact
that there are variations in how religion influences health across the world. The authors
believe that countries with greater economic development and greater religious diversity tend
to show positive associations between health and religion, whereas individuals living in
countries with restrictions on religious practice, such as China, experience greater stress,

which results in poorer health.

7.2.2  The role of Adventist health leaders

Religious believers usually have high levels of trust in their religious leaders and
organisations, which makes religious communities and leaders effective instruments for
health communication, even in the context of infectious disease outbreaks. Within
Adventism, this applies not only to Adventist pastors but to health leaders also, who engage
in church-based health promotion. During public health crises, it may be an appropriate
strategy for Adventist health leaders to leverage the existing networks in their religious
communities in order to aid the dissemination of public health messages and guidance. This
approach may result in a more rapid response within the Adventist community and avoids the
need for public health professionals to establish new communication networks (Santibafez et
al., 2017).

An example of the important role of religious leaders is the Ebola outbreak in West Africa,
during which time public health officials worked together with religious leaders who proved
to be instrumental in advocating for behavioural changes such as avoiding traditional burial
practices which involved direct contact with the deceased bodies, thereby reducing the
possibility of viral transmission (Kowalczyk et al., 2020). Another important example is

Senegal, which through collaboration between religious organisations and public health
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officials became a success story in the fight against the human immunodeficiency virus
(HIV) infection (Olowu, 2015). This HIV rate decline was achieved with the involvement of
religious leaders of all faiths, who played an important role in educating their members of the
important risk factors of HIV infection. This led to reductions in the number of sexual
partners and an increase in the age at first sexual experience, both of which contributed to the
decline in HIV rates. This shows that in certain scenarios a mutual compromise from both
government bodies and religious organisations can yield a successful outcome.

However, the original studies within this thesis did not investigate the influence of Adventist
leaders on church members’ attitudes and behaviours during the COVID-19 pandemic,
therefore this is an area, which could be further explored in research as it may provide useful

insights for future pandemics.

Conducting this research as an Adventist nutrition professional and a health leader allowed
me to draw on my insider knowledge about the common misconceptions vegan Adventists
have about the nutritional adequacy of vegan diets and the use of certain supplements and
vaccine. This insider knowledge enabled me to focus on commonly held misconceptions in
the educational intervention and use respected Adventist sources such as the writings of Ellen
White or the General Conference statements to address these misconceptions. On the other
hand, my scientific background provided the critical and analytical rigour required to design
and conduct this research in a way that minimized bias and was objective. This meant that
validated data collection tools and reporting guidelines were used in the studies described
within this thesis, which improved the transparency, reliability and validity. My insider and
outsider status also played a key role in the development of the research question since I had

been very familiar with the Adventist Health Studies and their focus on chronic diseases,
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which helped me identify a gap in research relating to the influence of the Adventist lifestyle

and diet on COVID-109 risk.

7.3 IMPLICATIONS FOR HEALTH PROMOTION

The findings from this research have a number of important implications for church-based
health promotion in the context of Adventism. The implications of this thesis are mostly
relevant to those Adventists who engage in health promotion. Most Adventist churches in the
UK and elsewhere have appointed health ministry’s leaders, who are responsible for
educating members and the public about the health principles of Adventism (SDA Church,
2016). Their roles include the promotion of a healthy lifestyle in various forms such as
writing articles for the church newsletter, websites and social media sites, but they regularly
hold health related presentations and plan church promotion events such as CHIP for the
wider community. The studies conducted as part of this thesis may inform the activities of
health ministry’s leaders within the church regarding the role of nutrition and lifestyle in the
prevention of COVID-19. Furthermore, Adventists were shown to be more protected against
mental health issues during the lockdowns compared to the non-Adventists, which may be
due to the strong sense of community and supportive structure that was maintained among
members online with regular bible studies, workshops and prayer meetings. The church
should continue to emphasize the need for a supportive community as it could help in future
global crises and the Adventist approach to community support could even serve as a model
for non-Adventist groups. The practice of prayer, singing, reading of religious books were
also linked to the observed protective effect concerning mental health, and they could directly

affect susceptibility to COVID-19 infection, however, these practices may not be
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generalizable to other groups, although it highlights the importance of emphasizing effective

stress management techniques, which may be included in health promotion strategies.

In addition, Adventists were less likely to gain weight during the pandemic, which shows that
diet and exercise should continue to be at the forefront of church-based health promotion
strategies. On the other hand, there may be a need among Adventists for more education
concerning the nutritional adequacy of vegan and vegetarian diets to ensure that nutrient

requirements are met by all.

There is a need for more studies with better methodologies to further investigate the potential
relationship between the Adventist nutritional practices and lifestyle and COVID-19 risk as
well as the risk of other infectious diseases. Randomized controlled trials (RCTs) and
longitudinal studies with larger sample sizes could help establish whether the Adventist
lifestyle can play a significant role in lowering the infectious disease risk, and studies should
aim to measure blood levels of nutrients in addition to assessing self-reported dietary intake.
The beliefs and knowledge of Adventists regarding diet supplements and pharmaceutical
drugs should be further explored as the observed lower intake of essential dietary
supplements warrants further investigation. The church should utilise and develop targeted
health education campaigns for church members to make members aware about the
importance of obtaining adequate amounts of all the essential nutrients that may be of

concern on a plant-based diet via the use of supplements and fortified foods.

In addition, future research should also consider vaccination status in their analyses on
infectious disease risk and nutrient intake or status, since vaccination is a key confounding
variable that should always be controlled for in statistical analyses. In relation to this, vaccine

hesitancy among Adventists could be further explored due to the lack of research in this area.
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In the context of health promotion activities within the church to prevent infectious diseases
such as COVID-19 disease, understanding perceptions of vaccines that contribute to vaccine
hesitancy could inform church leadership who are involved with health promotion strategies

that aim to improve vaccine acceptance rates.

Finally, there is need for a broader geographic representation of Adventists in scientific
studies since most studies have focused on Adventists in North America. Future research
should recruit Adventist populations from diverse geographic regions which would certainly

enhance the findings’ generalizability.

While the Adventist lifestyle is religiously motivated, many of its key components, such as a
plant-based diet, abstinence from alcohol and smoking, regular physical activity, and fasting
are lifestyle factors that can be generalized to non-Adventist populations, however the
Adventist lifestyle also includes practices such as Sabbath rest, prayer, religious service
attendance and faith and belief in the divine. These factors can be clearly distinguished,
although within the context of Adventism both are rooted in religious practice. For instance, a
plant-based diet, lower BMI, regular physical activity, and abstinence from alcohol and
smoking were all significantly associated with reduced COVID-19 incidence, symptom
severity, and long-COVID risk. These variables may be religiously encouraged within
Adventism; however, they are lifestyle practices that can be adopted in non-religious

populations.

On the other hand, it was identified that Adventists who engaged in faith-based stress
management techniques, such as prayer, Bible reading, and singing, reported lower anxiety
during the pandemic compared with non-Adventists, which may have indirectly impacted

COVID-19 outcomes. While these stress-management practices are considered as inherently
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religious, their underlying principle, which is intentional emotional regulation, social support
and community-based coping, may be adopted to the secular context through mindfulness
techniques, music therapy, or other structured interventions. As this thesis mostly focused on
lifestyle factors that directly have an influence on health, further research is needed to assess
the impact of Adventist lifestyle practices such as resting on the Sabbath and bible reading on

COVID-19 risk directly.

7.4 CONCLUSIONS

This research provides valuable insights into the lifestyle and diet of Seventh-day Adventists
in the UK, especially in the context of the COVID-19 pandemic, and showed that the
Adventist lifestyle may be associated with a lower COVID-19 risk. The findings of this thesis
highlight the potential protective effects of the Adventist dietary practices against COVID-19
and shed light on the importance of dietary interventions in the field of church-based health

promotion targeting Adventists, especially those following a plant-based diet.

In summary, the results of this thesis support the hypothesis that the Adventist lifestyle is
associated with a reduced incidence and severity of COVID-19 disease and likely contributes
to a lower long-COVID risk. Causality cannot be established due to the observational nature
of the primary studies, the consistency of evidence across studies of this thesis and their

agreement with the published literature provides confirmation to this conclusion.
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8 Appendix

Appendix 1. Cross-sectional survey questionnaire

“Message to participants: This study aims to assess the lifestyle, mental wellbeing, and
the presence of chronic disease among Seventh-day Adventists living in the UK. The
study will include a follow-up questionnaire in 2023, which will be sent to
participants’ email addresses.

Please provide your email address if you consent to participating in the study:

1. Are you a baptised member of the Seventh Day Adventist church? Yes/No

Gender Male/Female

Please indicate your ethnicity: Asian or Asian British/Black African/Black Caribbean/
White British/White European

Age in years

bl

What church do you regularly attend?

Initials

What is your annual household income? £0-£29,000/£29,000-£49,000/£50,000+
What is your highest level of education: No GCSEs/GCSEs/A-Levels or BTEC level
3/ Undergraduate Degree/ Master’s Degree/Doctorate (Ph.D.,M.D., Ed.D., etc.)

9. Weight in kilograms

10. Height in centimetres (cm)

®© NN bk

11. Waist circumference in cm
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12. Hip circumference in cm

13. Are you a non-smoker/current smoker?

14. Do you drink alcohol? Y/N

15. Do you regularly eat meat? Y/N

16. Are you a pescatarian? Y/N

17. Are you a vegetarian? Y/N

18. Are you a vegan? Y/N

19. How long have you followed this diet? 1 month or less/1-6 months/6 month to 1
year/1-3 years/more than 3 years/more than 10 years

20. Do you regularly eat breakfast in the morning? YES/NO

21. Do you regularly eat dinner after 6 pm? YES/NO

22. Do you do regular intensive exercise at least 3 times a week? YES/NO

23. Rate your physical activity level during the day: Sedentary/Light/Moderate/Vigorous

24. In the past 4 weeks have you felt calm and peaceful All of the time/Most of the
time/Some of the time/A little of the time/None of the time

25. Did you have a lot of energy All of the time/Most of the time/Some of the time/A
little of the time/None of the time

26. Have you felt downhearted and depressed All of the time/Most of the time/Some of
the time/A little of the time/None of the time

27. Have you been diagnosed with any of the following cardiovascular conditions?
e High blood pressure Yes/No
If yes, what year were you diagnosed in?
e Atherosclerosis Yes/No
If yes, what year were diagnosed in?
e (Coronary heart disease Yes/No
If yes, what year were you diagnosed in?
e C(Cerebrovascular disease (stroke) Yes/No
If yes, what year were you diagnosed in?
e Deep vein thrombosis and pulmonary embolism Yes/No
If yes, what year were you diagnosed in?
e Hypercholesterolemia YES/NO
If yes, what year were you diagnosed in?
28. Have you been diagnosed with type 2 diabetes? YES/NO
If yes, what year were you diagnosed in?
29. Have you ever been diagnosed with a cancer? YES/NO
Ifyes,
What type of cancer have you been diagnosed with:
When were you diagnosed with the disease:

COVID-19 related questions

30. Have you had a Covid-19 diagnosis? Yes / No
31. If so, how would you describe your symptoms? No symptoms/Mild symptoms/Moderate
symptoms/sever symptoms requiring hospitalisation
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32. Have you ever had a diagnosis of anxiety or depression? Yes/No
33. Have you had a formal diagnosis of anxiety or depression since March 2020? Yes/No
34. Since the introduction of government restrictions, has your weight: stayed the

same/increased/decreased

35. Since the introduction of government restrictions, have your exercise habits: stayed the

same/decreased/increased

36. Have you found it difficult to maintain your devotional/spiritual life without attending being

able to attend church? Yes/No

37. Have you been able to maintain your usual diet during the Covid-19 pandemic? Yes/No

Common food items Average use in the last year
4 or 2-3/day 1/day 2-4/week 1/week 1-3 /month Never or less
more/day than once/
month

Brown bread and rolls/ Home-made wholemeal
bread (wheat)/ Rye bread

White bread and rolls
Rice/pasta

Potato/ Yam/ Sweet potato
Oatmeal

Lentils/chickpeas/green peas/beans and other
pulses

Nuts and seeds (walnuts, flaxseeds, chia seeds etc.)
Nut butters (i.e. peanut butter)

Green leafy vegetables (i.e. spinach, kale,
watercress etc.)

Cruciferous vegetables (i.e. broccoli or cauliflower)
Sprouted seeds

Fruits (Fresh or Frozen)

Dairy products and Non-dairy
alternatives 1 serving=1 cup, 1 egg, 1
slice (30g)

Cow’s milk

Dairy Cheese

Soy Milk/ Almond Milk/ Coconut Milk/ Oat Milk
Vegan cheese and yoghurt alternatives (e.g., Violife)
Eggs

Dairy Yogurt

Butter (1 teaspoon=1 serving)

Average use in the last year

5+/
day

2-4/day 1/day 3-5/week <l/week <1/month
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Meat products and Meat alternatives Organic/fre Average use in the past year
. . €
(medium serving)

range/neith
er
(select)
>3 1-3 Oncea 2-4 Oncea 1-3times  Less than
servings/d servings day timesa week per month |once a month
ay /day week
Deli meat (e.g., salami, chicken slices, turkey
slices etc.)
Red Meat: Beef (Steak, burgers, etc.), lamb, goat,
goat
Chicken or other poultry
Fish (fresh or frozen or canned)
Pork (Sausages, Bacon, Ham, etc.)
Shellfish (e.g., crabs, prawns, mussels)
Organ meats
Tofu (tempeh, seitan etc.)/ Soya meat (e.g.,
Quorn) or other meat alternatives
Dietary Supplements (serving=1 capsule, | Average use in the last year
spoonful etc.)
Daily 3-6 Iserving |1 serving |1 serving/6 Less than
servings/week  /week /month months 1/year
Multivitamins
Vitamin D
Vitamin B12
Protein powder
‘Herbal supplement ‘ ‘ ‘ ‘ ‘
Drinks (1 serving = 1 cup (250ml)) Average use
4 or 2-3/day 1/day 2-4/week 1/week 1-3 Never or
more/day /month less than
once/
month

Black/green tea

Coffee (instant or ground)
Decaffeinated coffee

Herbal tea

Fizzy soft drinks

Fizzy soft drinks (low calorie or diet)

Alcoholic beverage
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Appendix 2. 24 Hour Diet Recall

Please list all the food you have eaten in the last 24 hours. Please be as specific and honest as
possible. Thank you.

Food Item Serving Size Time Consumed Where
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Appendix 3. Participant information sheet for Study 1

POSTGRADUATE STUDENT PROJECTS
SCHOOL OF LIFE SCIENCES

Faculty of HELS,

Birmingham City University

An investigation of the lifestyle, mental wellbeing, prevalence and incidence of self-
reported chronic diseases and COVID-19 among the Seventh Day Adventist Christians
living in the United Kingdom.

8.1 Thank you for considering helping one of our students with their research work.
Before you decide to participate, it is important for you to understand why the research is
being conducted and what it will involve. Please take time to read the following information
carefully and discuss it with others if you wish. Ask us if there is anything that is not clear or
if you would like more information. Take time to decide whether or not you wish to take part.

PURPOSE OF THE RESEARCH

The purpose of this project is to assess the prevalence and incidence of self-reported chronic diseases,
and COVID-19 among Seventh-day Adventists in the United Kingdom by gathering data in the form
of an online questionnaire and a 24-hour diet recall. The study will also aim to assess the health and
nutritional status, mental wellbeing, and activity status of participants.

Why have I been chosen?
We are approaching all members of the Seventh-day Adventist Church in the United Kingdom, and

we are aiming to gather data from as many church members as possible in order to assess

Do I have to take part?
You do not have to take part in this research project if you do not want to and you do not need to give

any reason if you decide not to take part

‘What do I have to do?

e You will be asked to complete a roughly 15-minute-long questionnaire

e You will be asked to provide some information on your gender, age and ethnicity as
well as household income, medical history, health status, and exercise habits

e The questionnaire will ask you to give a measure of your waist and hip circumference

Measuring your waist:

When measuring your waist roll your shirt up.

Find the bottom of your ribs and the top of your hips. Place a tape measure or a string around
the middle, just above the belly button.

Breathe out naturally and record the measurement
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Measuring your hip:
Using the same tool, measure the distance around the largest part of your hips (this is the
widest part of your buttocks).

e By providing your email address, the research team may contact you in with a follow-
up questionnaire in 2 years’ time

‘What are the risks associated with this project?

As this is a survey-based project there are no risks involved. No intervention will be used in this
study, therefore there will not be any potential harms to participants’ health and wellbeing by
participating in this survey.

What are the benefits of taking part?

By participation you provide valuable data on the health status of the Seventh-day Adventist

Church, which may have public health implications.

Withdrawal options
You are free to stop taking part in this study at any time and you do not have to give any reason
for this.

Data protection & confidentiality

Y our consent to participate in this study will be confidential and all data collected from the
questionnaire on Microsoft forms will be anonymous. No participants can be identified from the data
collected. All data will be stored in password protected files and only the researchers will have access

to these files. All files will be deleted three months after the completion of this study.

e All data collected will be anonymous

e Data that is stored electronically will use subject codes so that individuals cannot be
identified

e All data will also be made available to supervisor.

Who should you talk to if you have questions or you wish to make a complaint

If you have any questions or queries Robert Janko will be happy to answer them. If you have any
questions about your rights as a participant or feel you have been placed at risk you can speak to
Ashok Patel and Irmgard Haussmann.
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What will happen with the results of the study?

Any data/ results from your participation in the study will be used by Robert Janko as part of their
project work. The data will also be available to Ashok Patel and Irmgard Haussmann. It may also be
published in scientific works, but your name or identity will not be revealed.

‘Who has reviewed this study?
This study has ethical approval from Birmingham City University.

Key contact details
Robert Janko
Robert.Janko@mail.bcu.ac.uk

Supervisor: Ashok Patel (ashok.patel@bcu.ac.uk)

8.2
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Appendix 4. Consent form

PARTICIPANT CONSENT FORM

Study Title: Prospective investigation into the lifestyle, mental wellbeing, and the
prevalence and incidence of self-reported chronic diseases and COVID-19 among
the Seventh Day Adventist Christians living in the United Kingdom.

Name of Researcher: Robert Janko
Project Code: Participant identification number:

Initial box

1. | confirm that | have read the information sheet for this study. | have had the
opportunity to consider the information, ask questions and have had these
answered satisfactorily.

2. | understand that my participation is voluntary and that | am free to withdraw at
any time without giving any reason, without my legal rights being affected.

3. lunderstand that relevant sections of my self-reported medical history and data
collected during the study may be looked at by individuals from Birmingham City
University and from regulatory authorities, where it is relevant to my taking part
in this research. | give permission for these individuals to have access to my
records.

4. | understand that personal data about me will be collected for the purposes of
the research study including [name, email address, date of birth, ethnicity,
sexuality and self-reported medical history], and that these will be processed in
accordance with the information sheet.

5. | agree to take part in this study.

Initial box

Yes No

6. | agree to be contacted about ethically approved research studies
for which | may be suitable. | understand that agreeing to be
contacted does not oblige me to participate in any further studies.
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7. | agree for my anonymised data to be used in future research,* here
or abroad, which has ethics approval. (*if some future use may be
commercial, state this)

8. | agree for my anonymised data to be used for teaching purposes.

Name of Participant Date Signature
Name of Person taking Date Signature
Consent

*1 copy for participant; 1 copy for researcher site file;
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Appendix 5. Ethical approval

BIRMINGHAM CITY
University

Faculty of Health, Education & Life Sciences Rescarch Office
Secacole Building, 8 Westh Road

Biming
BIS3TN

HELS _Ethics@beu.ac.uk

23/Aug2021
Mr Robert Janko
robert janko@mail bew.ac.uk
Dear Robert ,
Re: Janko /#9410 /sub3 /R(A) 22021 /Aug /HELS FAEC - An investigation of the lifestyle, mental wellbeing, prevalence and incidence of self-reported chronic
discases and COVID-19 among the Seventh Day Adventist Christians living in the United Kingdom.
Thank you for your application and d ion regarding the above activity. [ am pleased to take Chair’s Action and approve this activity.
Provided that you are granted Permission of Access by rek parties (mecting rogus as laid out by them), you may begin your activity.
I can also confirm that any person participating in the project is d under the University's o armangements,

Please note that ethics approval only covers your activity as it has been detailed in your ethics application. If you wish to make any changes to the activity, then you must
submit an Amendment application for approval of the proposed changes,

Examples of changes include (but are not limited to) adding a new study site, a new method of pasticip i adding a new method of data collection and/or
change of Project Lead.

Please also note that the Health, Education and Life Sci Faculty Academic Ethics Committee should be notified of any serious adverse effects arising as a result of
If for any reason the Committec foels that the activity is no longer ethically sound, it reserves the right to withdraw its appeoval. In the unlikely event of issues arising
which would Jead 10 this, you will be consulted.

Keep a copy of this letter along with the corresponding application for your ds as evid of approval.
1fyou have any queries, please contact HELS_Ethics@hbeu.ac.uk

T wish you every success with your activity.

Yours Sincerely,

Dr Loukia Tssprouni

On behalf of the Health, Education and Life Sca Faculty Academic Ethics Committee
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Appendix 6. Consent form for educational intervention study

PARTICIPANT CONSENT FORM

Study Title: An online educational intervention study to assess the diet and
nutritional supplement knowledge of Seventh Day Adventist Christians.

Name of Researcher: Robert Janko
Project Code: Participant identification number:

Initial box

9. | confirm that | have read the information sheet for this study. | have had the
opportunity to consider the information, ask questions and have had these
answered satisfactorily.

10. I understand that my participation is voluntary and that | am free to withdraw at
any time without giving any reason, without my legal rights being affected.

11. | understand that relevant sections of my self-reported medical history and data
collected during the study may be looked at by individuals from Birmingham City
University and from regulatory authorities, where it is relevant to my taking part
in this research. | give permission for these individuals to have access to my
records.

12. I understand that personal data about me will be collected for the purposes of
the research study including [name, email address, date of birth, ethnicity,
sexuality and self-reported medical history], and that these will be processed in
accordance with the information sheet.

13. | agree to take part in this study.
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Initial box

Yes No

14.1 agree to be contacted about ethically approved research studies
for which | may be suitable. | understand that agreeing to be
contacted does not oblige me to participate in any further studies.

15.1 agree for my anonymised data to be used in future research,* here
or abroad, which has ethics approval. (*if some future use may be
commercial, state this)

16.1 agree for my anonymised data to be used for teaching purposes.

Name of Participant Date Signature
Name of Person taking Date Signature
Consent

8.3

8.4
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Appendix 7. Participant information sheet for educational intervention study

PARTICIPANT INFORMATION SHEET (PIS)
POSTGRADUATE STUDENT PROJECTS
SCHOOL OF LIFE SCIENCES

Faculty of HELS,

Birmingham City University

BIRMINGHAM CITY
¥y University

An online educational intervention study to assess the diet and nutritional
supplement knowledge of Seventh Day Adventist Christians.

My name is Robert Janko and thank you for considering helping with my research
work.

Before you decide to participate, it is important for you to understand why the
research is being conducted and what it will involve. Please take time to read the
following information carefully and discuss it with others if you wish. Ask us if there is
anything that is not clear or if you would like more information. Take time to decide
whether or not you wish to take part.

PURPOSE OF THE RESEARCH

8.5

The purpose of this study is to investigate the efficacy of an educational intervention
delivered by a nutrition expert on the nutrition knowledge and behaviour as well as the
supplementation use, in the context of vegan diets and COVID-19 disease treatment and
prevention, of Seventh-Day Adventists.

Why have | been chosen?

We are approaching all members of the Seventh-day Adventist Church in the United
Kingdom, and we are aiming to gather data mainly from church members who follow a
vegan or vegetarian diet.
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Do | have to take part?

You do not have to take part in this research project, if you do not wish to do so, and you
may withdraw from the study at any point until 1 month after the follow-up questionnaire is
sent to you.

What do | have to do?

e You will be asked to attend an online lecture held by the researcher, who will
conduct a presentation about nutrients and supplement use on a plant-based diet.
The lecture will last a maximum of 60 minutes.

e In addition, you will be asked to fill in a nutrition knowledge quiz before the lecture.
The quiz will be anonymous so you cannot be identified from the assessment.

e At the end of the lecture, you will be asked to take the same quiz again.

e Within 2-months after the study, you will be contacted via email to fill in a third
questionnaire.

e Please use the same participant code.

What are the risks associated with this project?

Undertaking the questionnaire may cause psychological stress in some people. You are not
required to provide your name on the questionnaire; therefore, you will not be identified. You
will only need to use the participant code provided to you via email, which we have not kept
a record of, which means you cannot be identified from the questionnaires. Furthermore,
you are welcome to contact me or any member of the research team if you experience any
psychological stress during this study or if you have any questions.

What are the benefits of taking part?

By participating you provide valuable data towards identifying any shortfalls in the nutrition
knowledge of plant-based Seventh-day Adventists. The study will also inform us about the
potential efficacy of an educational intervention in improving participants knowledge of

nutrients and supplements.

Withdrawal options

You are free to stop taking part in this study at any time and you do not have to give any
reason for this.

Data protection & confidentiality
Your consent to participate in this study will be confidential and all data collected from the

questionnaire will be anonymous. No participants can be identified from the data collected.

The only personal data collected from you is an email address to allow me to contact you
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with a follow-up questionnaire 2 months after the study. Your email address will be stored in
a password protected file on the university’s system and only the researchers will have
access to these files. The file containing your email address will be deleted 3 months after

data analysis is completed.

e All data collected will be anonymous

e Data that is stored electronically will use subject codes so that individuals cannot be
identified

e All data will also be made available to my supervisors

Who should you talk to if you have questions or you wish to make a complaint

If you have any questions or queries Robert Janko will be happy to answer them. [f you
have any questions about your rights as a participant or feel you have been placed at risk
you can speak to Ashok Patel and Irmgard Haussmann.

What will happen with the results of the study?

Any data/ results from your participation in the study will be used by Robert Janko as part of
their project work. The data will also be available to Dr. Ashok Patel and Dr. Irmgard
Haussmann. It may also be published in scientific works, but this will not include any
personal identifiers.

Who has reviewed this study?

This study has ethical approval from Birmingham City University.

Key contact details
Robert Janko
Robert.Janko@mail.bcu.ac.uk

Supervisor: Ashok Patel (ashok.patel@bcu.ac.uk)
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Appendix 8. Follow up questionnaire for cross-sectional survey

Please indicate your gender

What diet do you follow?

Have you had COVID-19 since the last time you filled in the questionnaire

(2022 Dec)?

4. If you answered Yes to the previous questions, how severe were your
symptoms?

5. Have you had vaccination against COVID-19 in the past 12 months?

6. If you had a COVID-19 vaccine in the last 12 months, please mention if you
suffered any side-effects:

7. If you have been infected with COVID-19, what treatment(s) did you use?
(leave blank if not applicable)

8. Have you started taking any dietary supplements in the past 12 months? (If
so, please list the supplements you started taking)

9. Please list all the foods and beverages you consumed in the past 24 hours

10.Have you had any persistent symptoms of COVID-19 (also called Long Covid)
even after recovering from the disease? If so, please state what symptoms
have you been suffering from?

11.Please provide your initials or email address so we can match your response

to the first questionnaire

wn =
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Appendix 9. Pre- and post-lecture questionnaire for educational intervention

Please provide the first three letters of your surname and the first three letters you
were born in:

3.

. Please insert the participant ID you have been provided with:

. Which of the below diets do you follow:

Vegan
Vegetarian
Pescatarian

Do you think that eating meat is unethical or immoral?

a. Yes
b. No
c. Don’t know

4.

o @roao0TD

Please indicate which of the supplements below do you take daily or at least 3
times a week (select all that applies):

Multivitamin
Vitamin C
Omega 3 fats
Protein powder
lodine

Calcium

Iron

Which of the below supplements do you take regularly:

Vitamin B12
Vitamin D
Both
Neither

ap oo

Do you think a plant-based diet can provide all the essential vitamins and
minerals needed for health without taking additional supplements?

Yes
No
Unsure
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7. Processed foods are energy-dense and are high in sugar, fat and salt, and
contain additives.
Which of the below is more important for you regarding your diet:

It should consist of no processed foods.
It can consist of small amounts of processed foods.
c. | don’t know.

co

8. Which of the below applies to your diet

a. ltis based on current scientific evidence as reflected in the official
guidelines.

b. Itis based on the Bible and the writings of Ellen G. White.

c. ltis based on both of the above.

9. Do you think vitamin and mineral supplements can be part of a healthy diet?

a. Yes
b. No
c. Don’t know

If you answered no to question 7, which of the following best describes your
reason for your answer:

a. They are synthetic and not safe.
b. They have no effect.
c. They are not needed (A good diet provides everything you need).

10. Do you think protein supplements in the form of pre-prepared liquid shakes
are beneficial?

A. Yes, they are good to have after any exercise.

B. No, they are not as beneficial as high protein natural foods.

C. No, they contain artificial sweeteners, which are not good for you.
D. Don’t know.

11.Do you think protein supplements in the form of powder are beneficial?
a. Yes, they are useful.

b. No, they are not safe.
c. | don’t know.

12.How many portions of fruit and vegetables should we consume daily
according to experts?

3
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b. 5
C. 7

13.The increased consumption of what type of fat is associated with an increased
risk of heart disease?

a. Omega 3 fats
b. Saturated fat
c. Omega 6 fats
d. Don’t know
14.Which of the following vitamins should vegans use regularly?
a. Vitamin C
b. Vitamin B12
C. Vitamin K
d. All of them
e. Don’t know.
15.Which of the below foods is a source of Vitamin D?
a. Spinach
b. Lentils
C. Salmon
d. Don’t know.
16. Which is the least biologically active form of vitamin D?
a. Vitamin D2
b. Vitamin D3
c. Don’t know
17.Dairy milk is a rich source of
a. Calcium
b. Omega 3 fats
c. lron
d. Don’t know.
18.Which of the below foods interferes with the absorption of iron?
a. Fruits

b. Vegetable oils
c. Dairy products
d. Don’t know

19.Which of the below is not a source of omega 3 fats?
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Almond
Flaxseed
Soy products
Don’t know.

ap oo

20.Which of the following foods contains the most iron per 100-gram dry weight?

Spinach
Sesame seeds
Beetroot

Don’t know

Qo oo

21.What is a source of dietary heme iron?

Red meat
Dairy products
Broccoli

None of them
Don’t know.

P00 T O

22.Which of the following vitamins increases the absorption of nonheme iron?

Vitamin A
Vitamin B6
Vitamin C
Don’t know

ap oo

COVID-19 specific questions:

23.Do you take herbal supplements such as mint tea, turmeric extract, Echinacea
etc. to treat or prevent disease?

a. Yes
b. no

24.Have you been vaccinated against COVID-197
a. Yes
b. No

If answered No, which of the following reasons best describes your decision not to
have a COVID-19 vaccination:

a. Worried about vaccination side effects
b. Worried about negative information about COVID-19 vaccinations on the
internet
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c. | had natural immunity

d. | don’t believe in taking any vaccines

e. No access to COVID-19 vaccination

f. Underlying medical conditions meant | could not get the vaccine

25.Do you think herbal or dietary supplements can cause less side-effects than
COVID-19 vaccines?

Yes
No
Not sure

26.Herbal supplements are as or more effective than medications such
antibiotics or antiviral drugs against infectious diseases.

a. Agree
b. Disagree
c. Don’t know

27.Vitamin D supplements may reduce the risk of COVID-19 infection:

a. Agree
b. Disagree
c. Don’t know

28.There is not sufficient evidence to show that vitamin D supplements reduce
COVID-19 related hospitalisation.

a. Agree
b. Disagree
c. Don’t know

29.Vitamin D supplements may reduce the risk of admission to an intensive care
unit due to COVID-19 infection.

a. Agree
b. Disagree
c. Don’t know

30.Vitamin D supplements may reduce the risk of death due to COVID-19
infection.

Agree
Disagree
c. Don’t know

oo

31.Zinc supplements may reduce the risk of death due to COVID-19 infection.
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a.
b.
C.

Agree
Disagree
Don’t know

32.Vitamin C has no effect on the length of hospitalisation due to COVID-19

oo

infection.

True
False
Disagree

33. Higher doses of vitamin C have been shown to be more effective against

a.
b.
C.

COVID-19 than lower doses.

Agree
Disagree
Don’t know

34.Vitamin C supplements have been shown to effectively lower the risk of death

a.
b.
C.

due to COVID-19 infection.
Agree

Disagree

Don’t know

35. There is no evidence that curcumin supplements can lower the inflammatory

response to COVID-19 infection.

a. Agree
b.
C.

Disagree
Don’t know

36. Curcumin supplements can decrease the symptoms of COVID-19

a.
b.
C.

Agree
Disagree
Don’t know

37.Taking probiotic capsules which contain gut friendly bacteria may significantly

reduces the risk of death due to COVID-19 infection.

a. Agree
b.
C.

Disagree
Don’t know

38. Taking probiotic capsules which contain gut friendly bacteria may significantly

reduce the symptoms of COVID-19 infection.
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a. Agree
b. Disagree
c. Don’t know

39.In children, Vitamin A supplements may reduce the risk of death due to
COVID-19 related pneumonia.

Agree
Disagree
c. Don’t know

oo

40.Vitamin A, alongside conventional treatment, may shorten hospitalisation due
to COVID-19 pneumonia in children.

a. Agree

b. Disagree
c. Don’t know
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Appendix 10. One-month follow up questionnaire for educational intervention

-_

. What is your age and gender:

Have you made a change to your diet since attending the educational lecture?

Yes
No

If you answered Yes, please indicate what has changed about your diet:

P00 TO

| now consume meat products

| now consume dairy products

| now consume fish

| have used more fortified foods
Other

Do you think the educational lecture was informative and useful?

Yes, because it addressed concerns that are common among Seventh-Day
Adventists
No, because | don'’t trust the scientific studies presented.

Did the educational lecture enable you to put into practise any of the
information presented?

Yes, as the lecture included the nutritional content of specific food items and
exact dosages regarding supplements.
No.

How difficult was it to understand the information presented in the educational
lecture?

| understood all the information presented.
| understood most of the information presented.
| did not understand most of the information presented.

Did the qualification of the presenter influence your trust in the presented
information?
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Yes, | trusted it more due to his high qualification.
No, it did not make a difference.

oo

7. The lecture presented information not only from scientific sources, but from
Seventh-Day Adventist books and websites (Ellen G. White’s writings and the
official website of the General Conference of the Seventh-Day Adventist
Church). Did this have an impact on your confidence in the presented
information?

Yes, it made me trust it more.
No, the scientific information would have been sufficient.

co

8. Did you feel motivated after the lecture to make adjustments to your diet?

Yes
No

oo

9. As a Seventh-Day Adventist, do you think that eating meat is unethical or
immoral?

d. Yes
e. No
f. | am still unsure

10.Since you attended the lecture, have you started taking any new dietary
supplements?

a. Yes
b. No

If you answered yes, please indicate what supplements you have started taking:

11.How has the lecture impacted your views regarding diet and supplements:

a. | now pay more attention to what nutrients my diet may be lacking, and |
supplement accordingly.
b. | am still sceptical about the use of certain dietary supplements.

12.Do you think a plant-based diet can provide all the essential vitamins and
minerals our needed for health without taking additional supplements?

d. Yes
e. No
f. | am still unsure

13.Which of the below do you now consider important about diet:
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d. Itis based on current scientific evidence as reflected in the official
guidelines.

e. Itis based on the Bible and the writings of Ellen G. White.

f. Itis based on both of the above.

14.Do you think vitamin and mineral supplements can be part of a healthy diet?
d. Yes
e. No

f. | am still unsure.

If you answered No to question 9, which of the following best describes your
reason for your answer:

d. They are synthetic and not safe.

e. They have no effect.

f. They are not needed (A good diet provides everything you need).
15.Do you now think protein supplements can be part of a healthy diet?
E. Yes

F. No

G. Still unsure.

16.Do you think the questionnaires you had to fill in before and after the
educational lecture influenced how much you learned from the lecture?

a. Yes, they motivated me to pay more attention an do better on the second

questionnaire.
b. No, it caused unnecessary stress.

COVID-19 specific questions:

17.Have you had COVID-19 disease since the lecture?

a. Yes
b. No

18.Have you started taking any supplements that were discussed in the lecture to
prevent or treat any respiratory tract infections, including COVID-19, since the
lecture?

a. Yes
b. No

If you answered Yes, please explain which supplements you have started taking:
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19.Have you been vaccinated against COVID-19 since the lecture, or would you
take a COVID-19 vaccine in the future?

c. Yes
d. No

20.Have your views changed regarding the treatment or prevention of COVID-19
since the lecture?

d. Yes — | now think dietary and herbal supplements can be effective in the
treatment or prevention of COVID-19.

e. Yes — | now do not think supplements are as effective as | thought.

f. No — my views stayed the same.

21.Has the lecture encouraged you to consult with a dietician or nutrition
professional in the future regarding any questions you may have about diet or
supplements?

Yes
No

oo
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Appendix 11. NEWCASTLE-OTTAWA QUALITY ASSESSMENT SCALE FOR
COHORT STUDIES

Selection

1) Representativeness of the exposed cohort

a) Truly representative of the average
(describe) in the community [

b) S omewhat representative of the average in
the community [

¢) Selected group of users e.g. nurses, volunteers

d) No description of the derivation of the cohort

2) Selection of the non exposed cohort

a) Drawn from the same community as the exposed cohort []
b) Drawn from a different source

c) No description of the derivation of the non exposed cohort

3) Ascertainment of exposure

a) Secure record (e.g. surgical records) [

b) Structured interview [

c) Written self report

d) No description

4) D emonstration that outcome of interest was not present at start of study
a) Yes L

b) No

Comparability

1) Comparability of cohorts on the basis of the design or analysis

a) Study controls for (select the most important factor) [

b) Study controls for any additional factor [] (This criteria could be modified to indicate
specific control for a second important factor.)

Outcome

1) Assessment of outcome

a) Independent blind assessment [
b) Record linkage [

c) Self report

d) No description

2) Was follow-up long enough for outcomes to occur

a) Yes (select an adequate follow up period for outcome of
interest) [

b) No
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3) Adequacy of follow up of cohorts

a) Complete follow up-all subjects accounted for []

b) Subjects lost to follow up unlikely to introduce bias-small number lost -> % (select an
adequate %) follow up, or description provided of those lost) []

c) Followuprate< 9% (select an adequate %) and no
description of those lost

d) No statement
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Appendix 12. NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE

(adapted for cross sectional studies)

Selection: (Maximum 5 stars)

1) Representativeness of the sample:

a) Truly representative of the average in the target population. * (all subjects or
random sampling)

b) Somewhat representative of the average in the target population. * (nonrandom sampling)

c) Selected group of users.

d) No description of the sampling strategy.

2) Sample size:

a) Justified and satisfactory. *

b) Not justified.

3) Non-respondents:

a) Comparability between respondents and non-respondents characteristics is
established, and the response rate is satisfactory. *

b) The response rate is unsatisfactory, or the comparability between respondents
and non-respondents is unsatisfactory.

c¢) No description of the response rate or the characteristics of the responders and
the non-responders.

4) Ascertainment of the exposure (risk factor):

a) Validated measurement tool. **

b) Non-validated measurement tool, but the tool is available or described.*
c¢) No description of the measurement tool.

Comparability: (Maximum 2 stars)

1) The subjects in different outcome groups are comparable, based on the study design
or analysis. Confounding factors are controlled.

a) The study controls for the most important factor (select one). *

b) The study control for any additional factor. *

Outcome: (Maximum 3 stars)

1) Assessment of the outcome:

a) Independent blind assessment. **

b) Record linkage. **

c) Self report. *

d) No description.

2) Statistical test:

a) The statistical test used to analyze the data is clearly described and
appropriate, and the measurement of the association is presented, including
confidence intervals and the probability level (p value). *

b) The statistical test is not appropriate, not described or incomplete.
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Appendix 13. Data extraction form for systematic reviews

Bibliographic Information:
e Study Title:
e Authors:
e Publication Year:
e Journal:

Study Characteristics:

Study Design (e.g., cohort, case-control, cross-sectional):
Country/Region of Study:

Study Duration:

Data Collection Period:

Participant Demographics:

Total Number of Participants:
Age Range of Participants:
Gender Distribution:
Ethnicity of Participants:

Adventist Lifestyle Assessment:
e C(riteria Used to Define Adventist Lifestyle:
e Specific Lifestyle Factors Assessed (e.g., diet, physical activity, smoking):

Control Group Presence:
e Was there a Control Group? (Yes/No):
e If Yes, Description of Control Group:

Infectious Disease Outcomes:
e Type(s) of Infectious Diseases Assessed:
e Method of Disease Diagnosis or Assessment:

Prevalence/Incidence Rates:
e Prevalence/Incidence of Infectious Diseases in Adventists:

e Prevalence/Incidence of Infectious Diseases in Control Group (if applicable):

Statistical Analysis:
e Statistical Methods Used:
e Key Findings:
e Adjustments for Confounding Factors (Yes/No/Details):
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Funding and Conflict of Interest:
e Funding Source(s):
e Declared Conflicts of Interest:

Additional Notes:
e Further Observations:
e Comments on Methodology:

e Additional Relevant Information:
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Appendix 14. Educational Intervention Lecture Slides

1 BIRMINGHAM CITY
J ¥ University

ﬁ BIRMINGHAM CITY]
. University

Lecture objectives

¢ Introduction
*  Pros and cons of a vegan diet
*  Position of the Adventist Church regarding
plant-based diets * Nutrients of special important
and supplementation strategies ¢

Supplements for COVID-19 prevention and
treatment
«  Post-lecture questionnaire




The evidence hierarchy

. Filtered
Systematic information

reviews and
meta-analyses
Randomized controlled trials

Cohort studies Unfiltered

information

/ Background information and expert opinion \

&————  Information volume —m078 —7m7M—M ———>

Case-controlled studies

Case series and reports

BIRMINGHAM CITY
J ¥y University

https://openmd.com/guide/levels-of-evidence

Source: The Health Connection Newsletter | 3rd Quarter 2016

BIRMINGHAM CITY
J ¥ University

The Seventh-day Adventist Church encourages a balanced vegetarian
diet. “The diet God ordained in the Garden of Eden-the vegetarian diet—

is the ideal, but sometimes we cannot have the ideal. In those
circumstances, in any given situation or locale, those who wish to

stay in

optimum health will eat the best food that they can obtain.” — Seventh-

day Adventists Believe, p. 286.




Review of Religious Research (2021) 63:535-557

Total Vegan Vegetarian Pescatarian  Meat1x pe I il P * B I R M I N G HAM C ]TY
N=ssis J ¥ University

West-Central Africa 53%  13.9% 1% 237% 29.1% 22.0%

N=2180

East-Central Africa 4%  30.3% 15.7% 24.8% 14.4% 33.4%

N=6927

Southern-Africa & Indian Ocean 47%  10.8% 121% 34.0% 26.0% 12.4%

N=4845

Dietary practices of Seventh-Day

South America 18%  73% 6.7% 24.0% 31.6% 28.5%

Adventists across the globe
Inter-America 2.6% 11.0% 9.4% 41.5% 251% 10.4%
N=4346

North America 15.7%  351% 8.8% 20.6% 13.6% 10.4%
N=1696

Trans-European 6.2% 19.0% 1M.7% 33.0% 23.7% 6.3%
N=1184

Inter-European 3.7%  17.4% 6.6% 41.5% 25.0% 5.7%
N=3735

N=2095

North Asia—Pacific 5.8% 15.6% 22.0% 32.3% 13.9% 10.4%
N=2770

Southern Asia—Pacific 4.9%  10.9% 16.2% 43.2% 18.4% 6.3%
N=6258

Southern Asia 6.5%  11.4% 4.0% 40.6% 29.8% 1.7%
N=2822

K BIRMINGHAM CITY
Y ¥ University

The benefits of plant-based diets

. Vegans have a lower BMI, cholesterol levels and blood pressure (Fraser, 2003)
. Vegan and vegetarian Adventists have lpwer colon and prostate cancer risk
(Fraser, 1999).

. A meta-analysis revealed vegetarians afid vegans had a 25% reduced risk of
incidence and mortality from ischemic heart disease and an 8% reduced risk of
cancer. Vegans had a 15% lower risk of cancer (Dinu et al. 2017).

Plant-based diets tend to be higher in fibre and other protective plant-
compounds and they are lower in saturated fat (lower CVD risk).

1. Fraoseg (233Riskfactorsanddiseaseamongvegans. In: Fraser Ged. Diet, lifeexpectancy, andchronicdisease. Studiesof Seventh-dayAdventistsand other vegetarians. NewYork, NY: Oxford UniversityPress,

2. Associationsbetweendietandcancer, ischemicheartdisease, andall-causemortalityinnon-HispanicwhiteCaliforniaSeventh-dayAdventists. (88%higher riskamongnon-
vegetarians) 3. https://pubmed.ncbi.nlm.nih.gov/26853923/
4. https://www.mja.com.au/journal/2013/199/4/omega-3-polyunsaturated-fatty-acids-and-vegetarian-diets



Potential concerns of plant-based diets G DIRMINCHAM CITY

. Whilst plant-exclusive diets may contain high amounts of vitamin C, fiber, and
other important nutrients, a 2021 systematic review showed that vegans might
be at an increased risk of nutritional deficiencies: B, Niacin (B ), B, D, iodine,

zing, calcium, potassium, selenium.

. According to a systematic review, vegetarians have a higher prevalence of
depleted iron stores.

. Vegans are reported to have an increased risk of bone fractures.
. Omega 3 (EPA and DHA) blood and tissue levels are lower in vegetarians

tps://pubmed.nchi.nim.nih.gov/33341313
tps://www.ncbi.nlm.nih.gov/pmc/articles/PMC6367879/

. https://pubmed.ncbi.nim.nih.gov/30376075/#:~:text=Compared%20with%20omnivores%2C%20vegetarians%20and,CRD42017055508.

K BIRMINGHAM CITY
Y ¥ University

Key points of diet guidelines

Fiber: Fiber-rich foods like whole grains, legumes, and fruits promote healthy digestion and can reduce the risk of chronic diseases such
as heart disease and type 2 diabetes

5-a-Day Fruits and Vegetables: Strive to consume at least five servings of fruits and vegetables daily (at least 400 grams).

Consume a balanced Plate: Create a balanced plate by incorporating a variety of food groups. A typical meal should include lean
protein, whole grains, and colorful vegetables. This ensures a well-rounded intake of nutrients.

Limit Sugary and Processed Foods: Minimize the consumption of sugary beverages and processed foods high in added sugars, salt, and
unhealthy fats. These can contribute to weight gain and health issues.

Portion Control: Be mindful of portion sizes to avoid overeating. Limit total fat intake to less than 30% of energy intake to manage
calories.

Hydration Matters: Stay adequately hydrated by drinking water throughout the day. Limit sugary drinks and excessive caffeine

intake. Moderate Alcohol: Limit alcohol consumption, but those choosing to consume it, limit to no more than 1 serving at a time.

Position on plant-based diets:
International guidelines acknowledge that well-planned plant-based diets can provide all the essential nutrients needed for health,
including protein, vitamins (e.g., vitamin C, folate), and minerals (e.g., iron, calcium), but some nutrients may require supplementation.

https://www.dietaryguidelines.gov/sites/default/files/2
021-03/Dietary_Guidelines_for_Americans-2020-
2025.pdf

2. https://www.who.int/news-room/fact-sheets/detail/healthy-diet



K BIRMINGHAM CITY

There are different types of vegetarian diets including total (animal ‘) ", Unive rsity
free), ovo-lacto (the most widely followed in the SDA church), and pesco

(vegetarian with a little fish added). For those who live where there is an

abundance of fortified food products, a healthy totally vegetarian diet

may be the ideal with the following considerations:

« Choose ample whole grains, vegetables, legumes, fruits, nuts, seeds
and berries.

Avoid replacing animal foods with refined, sweet, fatty commercial
products—even if these are from plant sources.

Take a supplement of vitamin B12 regularly (remember, deficiency
symptoms may take 4-6 years to appear).

Obtain adequate sunlight, and emphasize high-calcium vegetables,
and/or supplement your diet with calcium and Vitamin D.

Consider the use of ground flax and or chia seeds or supplements high
in omega-3 fatty acids, especially during reproductive years.

Assure adequate dietary zinc, especially for young and adolescent
boys.

https://www.healthministries.com/seventh-day-adventists-and-nutrition/

K BIRMINGHAM CITY
Y ¥ University

Vitamin B12
1. ncbi.nim.nih. 131/#: 20B12%20levels

Th | f t H B 1 2 . 9%20among%20the,higher%20than%20among%20the%20controls. 2.

€ role or vitamin . https://pubmed.ncbi.nim.nih.gov/24667752/

3. Neufingerl & Eilander, 2021. Nutrient Intake and Status in Adults Consuming Plant-Based Diets Compared to Meat-
Eaters: A Systematic Review

Vitamin B12 is essential for the synthesis of nucleic acids
(DNA), red blood cells and in the maintenance of myelin that
covers neurons. Deficiency in vitamin B12 results in a
variety of neurological symptoms.

12

Vegans are at an increased risk of vitamin B12 deficiency 3™ R
Vitamin B12 deficiency has been reported to be as high as 45% among vegan % i
infants and 39% among pregnant women. £6 .

s I >
Solution: i S| e 1 _______ %
Average vita B12 intake from food sources was shown to be 0 —
below the Estimated Average Requirements (EAR) for vegans MEatscaters M vegetarians

from food sources.

In studies that assessed intake from foods and supplements, all dietary
patterns had a mean vitamin B12 intake above the EAR. Neufingerl & Eilander, 2021



https://www.healthministries.com/seventh-day-adventists-and-nutrition/

k BIRMINGHAM CITY
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Iron status in vegans

Iron deficiency = inadequate iron intake and lower bioavailability of non-heme iron from plant foods compared to heme-
iron in meat (especially red meat).

Iron deficiency anaemia symptoms may include decreased cognition, fatigue, less than optimal immune function,
pregnancy complications

« Although vegetarians overall do not seem to have an increased prevalence of anaemia, vegan Adventist females
may have an increased risk of low ferritin and haemoglobin levels

* Non-heme iron is less bioavailable, compared to heme iron, because of the naturally occurring absorption inhibitors,
which mainly include phytate, oxalate, and polyphenols as well calcium in dairy products. However, vitamin C can
increase its absorption.

Iron requirement: Plant sources of iron:

+8.7mg a day for men aged 19 and over *14.8mg a day for * Beans, peas, and lentils are rich in iron (1
women aged 19 to 49 +8.7mg a day for women aged 50 cup = 4.5mg) * Leafy Greens ( half a cup = 3
and over mg)

» Seeds (100 g of sesame
seeds = 14.5 mg) * Seaweed

R P AT e SRR, eeds
2. https://www.nhs. d-mi aried)

K BIRMINGHAM CITY
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Omega 3 fatty
acids

Alpha linoleic acid (ALA): Nuts and seeds (walnuts, chia seeds and flaxseeds, NOT
almonds)
Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA): Fatty fish and algae

Health effect of omega 3 fats:

Higher blood levels of EPA and DHA are associated with lower risk of mortality.

Vegans show high intakes of ALA but very low intakes of the preformed omega 3 fats.

Harisetal. Bloodn-3 fattyacidlevelsandtotal andcause- specific mortalityfrom17prospectivestudies



Omega 3 fatty acids

* High dose flaxseed seed oil supplements,

However, mictoall%al oil supplementation
rovided no incréases to'Omega

gome studies showed
reductions.

Mmased 03l levels for all
ies.

. . L d
B et lemet th Sigae o>
Supplement of 200-300 mg/day of

ahi\aruch asjolder people or those who n, Double
neéds, such as pregnant and

K BIRMINGHAM CITY
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https://pubmed.ncbi.nlm.nih.gov/24679552/#:~:text=The%20omega
%2D3%20index%20increas

ed little%20docosahexaenoic%20and%20eicosapentaenoic%20acid
s

intak@asadnganddhese véthinetkiced ,,.
ﬁonvers 10 . Sex and age group Combined EPA + DHA + DPA ALA Suggested ALA for vegetarians?®
s/ e S OmC e 8 (B o
ACId ’ Women 90 mg 08g 169
Pregnant 15 mg 10g 20g
Lactating 145 mg 129 249
Children
1-3 years 40 mg 05g 10g
4-8 years 55mg 08g 169
Boys 9-13 years 70 mg 10g 209
Boys 14-18 years. 125 mg 129 249
Girls 9-13 years 70 mg 08g 1649
Girls 14-18 years 85mg 08g 169
Vitamin D
\Vitamin D deficiency is linked to:
K BIRMINGHAM CITY

P Musculoskeletal diseases (rickets, bone fractures,
osteomalacia, osteopenia, osteoporosis, and muscle
weakness)

infarction, atrial fibrillation and hypertension)
b Infections
» Autoimmune conditions

FForms and sources of vitamin D

Diet:

Risk factors for vitamin D deficiency

P inadequate sun exposure, limited oral intake,

P aging.

b Cardiovascular disease (congestive heart failure, myocardial

Y ¥ University

Table 22.1 Vitamin D status guidelines.

Vitamin D status 250HD (nmol/L) 250HD (ng/mL)
Deficiency <50 <20
Insufficiency 50-75 20-30
Pnc§ggjlgﬂiﬁl.’ﬁz¥ecu\ar Nutrition 75—-100 30—44
Toxicity > 250 >100

Sun exposure: 7-dehydrocholesterol (7DHC) activation in the lower layers of the skin by UV B light produces vitamin D

P Vitamin D3: cholecalciferol (Salmon and dairy) — Biologically active form ¢
Vitamin D2: ergocalciferol (Mushroom, fortified foods) Supplementation

b impaired intestinal absorption, long-term use of medications (glucocorticoids, antiepileptic drugs)

https://pubmed.ncbi.nim.nih.gov/22552031/



https://pubmed.ncbi.nlm.nih.gov/33576691/
https://pubmed.ncbi.nlm.nih.gov/24679552/
https://pubmed.ncbi.nlm.nih.gov/24679552/
https://pubmed.ncbi.nlm.nih.gov/24679552/

{I'he importance of Vitamin D supplementation

BIRMINGHAM CITY
J ¥ University

Risk of vitamin D deficiency is greater in vegans

(Selinger et al. 2022) /

Vegans are at a greater risk of bone
fractures (Rees etal., 2021).

plementation

25-hydroxyvitamin D {nmollL) l 68.6(21.5-88.1) ) = 454 (34.6-68.6) 0.34 20-150

Weikert et al. 2020.

BIRMINGHAM CITY
Y ¥ University

Dietary
supplements for
COVID-19 disease




Vitamin D Supplementation

k BIRMINGHAM CITY
Y ¥ University

- Reduction in COVID-19 positivity (54%) -
Reduction in COVID-19 symptoms

- Reduction in ICU admission (65%) -
Reduction in mortality (54%)

But

- There is insufficient evidence to show that vitamin D can reduce the
risk of hospitalization

Minimum dose used in the studies: 2000 IU/day

Htps://www.ncbi.nim.nih.gov/pmc/articles/PMC8862170/ https://www.ncbi.nlm.nih.gov/pmc/articles/P
hitps://pubmed.ncbi.nim.nih.gov/35631275/ MC8862170/
https://pubmed.ncbi.nlm.nih.gov/35631275/

Zine
LILELA =4
- Zinc supplementation led to a 43% lower risk of mortality. : BIRMINGHAM CITY
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9125011/ ) ? University

Vitamin C

- Supplementation can effectively lower the length of
hospital stay

- It can also lower the risk of dying from COVID-19
(independent of dose)

https://pubmed.ncbi.nlm.nih.qov/34739908/ https://pubmed.ncbi.nim.nih.gov/36235869/

Curcumin

- Supplementation can improve inflammatory response:
cytokine storm (iLig and iLe)

- |t can lead to a decrease in COVID-19 symptoms
including a reduction in thromboembolic events.

Dosing: At least 160mg/day (multiple doses)

https://pubmed.ncbi.nlm.nih.gov/35057437/



https://pubmed.ncbi.nlm.nih.gov/34739908/
https://pubmed.ncbi.nlm.nih.gov/36235869
https://pubmed.ncbi.nlm.nih.gov/36235869/

Probiotic Supplements ,
BIRMINGHAM CITY
J ¥ University
Clinical efficacy of probiotics in the treatment of
patients with COVID-19: A systematic review and
meta-analysis of randomized controlled trials

Jheng-Yan Wu !, Po-Yu Huang 2, Ting-Hui Liu 3, Chia-Yin Kuo ', Ya-Wen Tsai 4,
Hung-Jen Tang 2, Chih-Cheng Lai ° ©

1 €
Results: Eight RCTs with 900 patients were included. The study group receiving probiotics had a o / =
non-significantly lower rate of mortality than the control group had, but this difference was not | J . L f:’ 2
significant (risk ratio [RR], 0.51; 95% Cl, 0.22 to 1.16). However, the study group had significantly ¢ \ A3 (\ ‘\ ‘ " 34 x} =
lower rates of dyspnea (RR, 0.11; 95% Cl, 0.02 to 0.60), fever (RR, 0.37; 95% ClI, 0.16 to 0.85) and ( Q i
headache (RR, 0.19; 95% ClI, 0.05 to 0.65). Higher complete remission of COVID-19-associated e N
symptoms was observed in the study group than the control group (RR, 1.89; 95% ClI, 1.40-2.55). ‘ b

O

- Reduction in COVID-19 symptoms -
No significant reduction in mortality

K BIRMINGHAM CITY
Y ¥ University

Vitamin A

A meta-analysis publishgd in 2022 (October) that included
15 clinical trials on childwen showed that vitamin A
supplementation alongside conventional treatment:

shortened the time of hospitalization due to COVID-19
pneumonia, but did not lower mortality rate

https://pubmed.ncbi.nim.nih.gov/36281101/



Appendix 15. Checklist for Reporting Results of Internet E-Surveys (CHERRIES)

Checklist Item

Describe survey design

IRB approval

Explanation Description

The study employed a quasi-
experimental design and collected
cross-sectional data before and
Describe target population, after an online educational
sample frame. Is the sample a  intervention. The study utilised
convenience sample? (In “open” convenience Sampling. Adult

surveys this is most likely.) aeKstnﬁg“fgﬁg vf/\g(\allzn\t/tgsa 2Vi”8 in the

vegetarian, or pescatarian diet were
recruited.

This study received ethical approval
from the Health Education and Life
Sciences Faculty Academic Ethics

Mention whether the study has
been approved by an IRB.



Describe the informed consent
process. Where were the
participants told the length of
time of the survey, which data
were stored and where and for
how long, who the investigator
was, and the purpose of the
study?

Informed consent

If any personal information was
collected or stored, describe
what mechanisms were used to
protect unauthorized access.

Data protection

State how the survey was
developed, including whether
the usability and technical
functionality of the electronic
questionnaire had been tested
before fielding the
questionnaire.

Development and
testing

An “open survey’ is a survey
open for each visitor of a site,
Open survey versus  while a closed survey is only
closed survey open to a sample which the
investigator knows (password-
protected survey).

Indicate whether or not the
initial contact with the potential
participants was made on the
Contact mode Internet. (Investigators may also
send out questionnaires by mail
and allow for Web-based data
entry.)
How/where was the survey
announced or advertised? Some
examples are offline media
(newspapers), or online (mailing
.. lists — If yes, which ones?) or
Advertising the survey banner ac}lls (Where were tl)lese
banner ads posted and what did
they look like?). It is important
to know the wording of the
announcement as it will heavily

Committee of Birmingham City
University.

Participants were provided with a
Participant Information Sheet
which contained all essential
information about how their data
would be stored and for how long.
Participants were required to
provide informed consent by
agreeing to the provided Consent
Form.

The only personal data collected
was the email addresses of
participants and this was stored in
encrypted files.

The pre- and post-intervention
questionnaires developed for this
study were validated through a
small pilot involving 6 Adventists.
The questionnaire demonstrated
high internal consistency
(Cronbach’s alpha = 0.873) and test-
retest reliability (Pearson’s r = 0.85,
p =0.03).

The survey was only available to
participants who attended the online
lecture. It was shared with
participants at the time of the
lecture, therefore it can be
considered as a closed survey since
no one outside the lecture had
access to it.

Initial contact was made with
participants via email on the
internet.

The study was advertised on social
media channels to Seventh Day
Adventists but participants who had
taken part in previous research were
also contacted via email.
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Web/E-mail

Context

Mandatory/voluntary

Incentives

Time/Date

Randomization of
items or questionnaires

Adaptive questioning

influence who chooses to
participate. Ideally the survey
announcement should be
published as an appendix.

State the type of e-survey (eg, The e-survey was created in

one posted on a Web site, or one Microsoft Forms. The survey link
sent out through e-mail). If it is was shared during the meeting with
an e-mail survey, were the particicpants. The FU survey was
responses entered manually into sent to them via email.

a database, or was there an

automatic method for capturing

responses?
Describe the Web site (for The survey was not shared publicly.
mailing list/newsgroup) in It was only shared with the

which the survey was posted.  consenting participants who
What is the Web site about, who attended the lecture.
is visiting it, what are visitors

normally looking for? Discuss

to what degree the content of the

Web site could pre-select the

sample or influence the results.

For example, a survey about

vaccination on a anti-

immunization Web site will

have different results from a

Web survey conducted on a

government Web site

Was it a mandatory survey to be Participation was voluntary, but
filled in by every visitor who  only participants who attended the
wanted to enter the Web site, or lecture had access to it.

was it a voluntary survey?

Were any incentives offered (eg, No incentives were offered to
monetary, prizes, or non- participants.

monetary incentives such as an

offer to provide the survey

results)?

Data collection took place between
December, 2023 and February,
2024.

To prevent biases items can be No randomization was used.
randomized or alternated.

Use adaptive questioning Adaptive questioning was used for
(certain items, or only COVID 19 related questions. For
conditionally displayed based  example, only participants who

on responses to other items) to indicated a COVID-19 infection
reduce number and complexity were asked regarding symptom

of the questions. severity.

In what timeframe were the data
collected?
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Number of [tems

Number of screens
(pages)

Completeness check

Review step

Unique site visitor

View rate (Ratio of
unique survey

What was the number of
questionnaire items per page?
The number of items is an
important factor for the
completion rate.

Microsoft Forms does not present
the questionnaire on separate pages,
but it was a continuous survey with
an estimated completion rate of 6
minutes for the pre-lecture
questionnaire and 4 minutes for the
post-lecture questionnaire.

The pre-lecture questionnaire
contained 41 questions in total,
whilst the post-lecture
questionnaire had 29 questions.

Over how many pages was the
questionnaire distributed? The
number of items is an important
factor for the completion rate.

It is technically possible to do  All questions were mandatory,
consistency or completeness therefore the questionnaire could
checks before the questionnaire not be sumitted by the participants
is submitted. Was this done, and if they have not answered all the
if “yes”, how (usually questions.

JAVAScript)? An alternative is

to check for completeness after Non-response items such as “I
the questionnaire has been don’t know” and “Unsure” were
submitted (and highlight also used.

mandatory items). If this has

been done, it should be reported.

All items should provide a non-

response option such as “not

applicable” or “rather not say”,

and selection of one response

option should be enforced.

State whether respondents were They could scroll up and down on
able to review and change their the survey page which included all
answers (eg, through a Back questions, which means they had
button or a Review step which the option to review and change
displays a summary of the their answers.

responses and asks the

respondents if they are correct).

If you provide view rates or Not applicable

participation rates, you need to

define how you determined a

unique visitor. There are

different techniques available,

based on IP addresses or

cookies or both.

Requires counting unique Not applicable since it was not an
visitors to the first page of the online survey. All 37 participants
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visitors/unique site
visitors)

Participation rate
(Ratio of unique
visitors who agreed to
participate/unique first
survey page visitors)

Completion rate (Ratio
of users who finished
the survey/users who
agreed to participate)

Cookies used

survey, divided by the number who attended the lecture and visited
of unique site visitors (not page the survey page also completed the
views!). It is not unusual to have questionnaire.

view rates of less than 0.1 % if

the survey is voluntary.

Count the unique number of ~ Not applicable since it was not an
people who filled in the first online survey. All 37 participants
survey page (or agreed to who attended the lecture and visited
participate, for example by the survey page also completed the
checking a checkbox), divided questionnaire.

by visitors who visit the first

page of the survey (or the

informed consents page, if

present). This can also be called

“recruitment” rate.

The number of people Not applicable since it was not an
submitting the last questionnaire online survey. All 37 participants
page, divided by the number of who attended the lecture and visited
people who agreed to participate the survey page also completed the
(or submitted the first survey  questionnaire.

page). This is only relevant if

there is a separate “informed

consent” page or if the survey

goes over several pages. This is

a measure for attrition. Note that

“completion” can involve

leaving questionnaire items

blank. This is not a measure for

how completely questionnaires

were filled in. (If you need a

measure for this, use the word

“completeness rate”.)

Indicate whether cookies were No cookies were used. However,
used to assign a unique user duplicate entries were avoided by
identifier to each client asking participants to provide the
computer. If so, mention the first three letters of their surname
page on which the cookie was  and the first three letters of the

set and read, and how long the month they were born in. This also
cookie was valid. Were allowed us to match the before and
duplicate entries avoided by after questionnaire responses. This
preventing users access to the  served as their participant ID.
survey twice; or were duplicate

database entries having the same

user ID eliminated before

analysis? In the latter case,

which entries were kept for

analysis (eg, the first entry or

the most recent)?
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IP check

Log file analysis

Registration

Handling of incomplete
questionnaires

Questionnaires
submitted with an
atypical timestamp

Indicate whether the IP address No, this was not done.
of the client computer was used
to identify potential duplicate
entries from the same user. If so,
mention the period of time for
which no two entries from the
same IP address were allowed
(eg, 24 hours). Were duplicate
entries avoided by preventing
users with the same IP address
access to the survey twice; or
were duplicate database entries
having the same IP address
within a given period of time
eliminated before analysis? If
the latter, which entries were
kept for analysis (eg, the first
entry or the most recent)?

Indicate whether other Not applicable
techniques to analyze the log

file for identification of multiple

entries were used. If so, please

describe.

In “closed” (non-open) surveys, Duplication was avoided by asking
users need to login first and it is for participants to provide their
easier to prevent duplicate unique participant ID (described
entries from the same user. above). The number of responses
Describe how this was done. For were counted up and compared to
example, was the survey never the number of lecture attendees,
displayed a second time once  both of which were 37.

the user had filled it in, or was

the username stored together

with the survey results and later

eliminated? If the latter, which

entries were kept for analysis

(eg, the first entry or the most

recent)?

Were only completed Only completed questionnaires
questionnaires analyzed? Were were analyzed.
questionnaires which terminated

early (where, for example, users

did not go through all

questionnaire pages) also

analyzed?

Some investigators may No cut off was used.
measure the time people needed

to fill in a questionnaire and

exclude questionnaires that were
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submitted too soon. Specify the

timeframe that was used as a

cut-off point, and describe how

this point was determined.

Indicate whether any methods  No such statistical adjustment has
such as weighting of items or ~ been made.

propensity scores have been

used to adjust for the non-

representative sample; if so,

please describe the methods.

Statistical correction
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