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Preface

This study examines the associations between nocturia (waking at night to urinate) and a set of
factors and outcomes — including health, wellbeing and workplace productivity — in a working-age
population. The report’s findings directly contribute to the emerging scientific literature, which aims
to better understand the condition and its ramifications. The study is partially based on international
workplace survey data collected through two large, linked employer—employee datasets for Vitality
UK and AlA, covering the UK, Australia, Malaysia, Hong Kong, Singapore, Thailand and Sri Lanka.

This research was prepared for Ferring Pharmaceuticals. During the entire research process RAND
Europe had full editorial control and independence of the analyses performed and presented in this
report. This work informs the public good and should not be taken as a commercial endorsement.

RAND Europe is a not-for-profit policy research organisation that helps to improve policy and
decision making in the public interest through research and analysis. This report has been peer-
reviewed in accordance with RAND’s quality assurance standards. For more information about
RAND Europe or this document, please contact Marco Hafner (mhafner@rand.org) at:

RAND Europe

Westbrook Centre, Milton Road
Cambridge CB4 1YG

United Kingdom

Tel. +44 1223 353 329
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Executive summary

Why waking at night to visit the bathroom could have negative
consequences for your sleep, health and productivity

Waking up at nightto go to the bathroom interrupts sleep, and the more frequent the night-time voids,
the more ‘bothersome’ it becomes for individuals. While there are several reasons why people have
to get up at night to go to the bathroom (e.g. excessive fluid intake just before bedtime), frequent
bathroom visits at night can be driven by a health condition referred to as nocturia. Nocturia is
a lower urinary tract condition in which individuals wake up at night to void, where each void is
preceded and followed by sleep (van Kerrebroeck et al., 2002). There are multiple types of nocturia,
among the most common of which are nocturnal polyuria (NP) — when a large volume of urine is
produced during the night — and reduced bladder capacity. Often nocturia is not acknowledged as a
condition, with the result that some doctors and health practitioners overlook nocturia as a potential
health problem associated with sleep loss, and patients do not report the condition until it becomes
unbearable, substantially affecting individual quality of life (Marinkovic et al., 2004). Generally,
those who experience less than two voids per night are not regarded as having clinically significant
nocturia that warrants a diagnostic or clinical investigation or treatment. The reason behind this
is that empirically, most individuals with less than two voids per night generally experience only
minimal bother from the condition, whereas in contrast, the available evidence suggests that two
or more night-time voids is likely to be associated with more severe consequences, such as an
impaired sleep health and a lower quality of life (Bosch & Weiss, 2010). Hence, the occurrence of
an average of two or more voids per night represents the threshold after which nocturia shifts from
being perceived as a minor inconvenience to a more bothersome and clinically relevant condition.
However, there may be some individuals who do experience distress even with one void per night.

Nocturia, defined as at least two night-time voids, is relatively common, affecting on average about
20 per cent of the overall population, with prevalence increasing with age (Bosch & Weiss, 2010).
But even among younger individuals aged 18 to 30 years, nocturia is prevalent among about 9 per
cent of women and 4 per cent of men. Not surprisingly, a key complaint of nocturia is disrupted
sleep, but the consequences of nocturia extend to the daytime as well. For instance, nocturia is also
associated with fatigue, cognitive impairment, increased risk of cardiovascular disease, depression
and - in older individuals — a higher risk of injury through falls (Weidlich et al., 2017). However, the
direction of the relationship between chronic health conditions, sleep problems and nocturia is not
always well understood. Individuals with nocturia also report lower levels of subjective wellbeing,
work engagement and workplace productivity, suggesting that the consequences of nocturia go
beyond the individual, with potential wider societal consequences as well.



Objectives of the study

While the vast majority of existing empirical evidence on the effects of nocturia is based on analyses
for older populations (e.g. aged 45 and older), this study aims to examine the factors associated
with nocturia and related outcomes for a working-age population. The study contributes to the
emerging evidence base examining nocturia as a serious condition with potentially negative health
and economic consequences for those with the condition and the associated wider societal
implications. Building on the existing scientific evidence and applying relevant quantitative research
methods, this study seeks to:

1. ldentify the factors associated with nocturia in a working-age population. Previous studies in
mostly older adult populations have found that socio-demographic, lifestyle and health factors
are associated with the prevalence of nocturia. These factors include, among others, age,
gender, obesity and chronic health conditions such as depression and kidney disease. In this
analysis, we examine the relative importance of these factors in explaining the prevalence of
nocturia in a working-age population.

2. Examine the associations between nocturia, sleep, subjective wellbeing and workplace
engagement and productivity. \We examine the association between nocturia and self-reported
sleep disturbance in more detail and also investigate the associations between nocturia and
a variety of outcomes, including subjective wellbeing (e.g. measured as self-reported life
satisfaction), as well as engagement and productivity in the workplace (e.g. measured as work
impairment due to absenteeism or presenteeism).

3. Quantify the economic implications associated with nocturia. Drawing on parameters derived
in the statistical analysis of this study, we conduct a cross-country analysis of the economic
output lost associated with nocturia in terms of lower productivity and potential excess mortality
risk. For this purpose, we apply a macroeconomic model to project how GDP for six countries
would change if the prevalence of nocturia were to be reduced under different so-called ‘what
if" or counterfactual scenarios.

Key research findings

The study findings contribute to the existing evidence base and confirm previous research findings
in four different areas: (1) nocturia is a debilitating condition that causes ‘bother’, the degree of
which increases with the severity of the condition; (2) a number of demographic, lifestyle and health
factors are associated with the prevalence of nocturia; (3) nocturia is associated with lower levels of
subjective wellbeing, work engagement and workplace productivity; and (4) nocturia is associated
with negative economic implications for national economies.

1. Nocturia is a common and ‘bothersome’ condition, with two voids per
night a critical threshold

Estimates on the prevalence of nocturia suggest that, even though its prevalence
is increasing with age, it is a condition that also affects approximately up to one in
ten individuals aged 45 or younger. Using recent international workplace survey data covering the
years 2017 and 2018, the findings of this study suggest that nocturia is a ‘bothersome’ condition




and that the proportion of individuals reporting significant ‘bother’ from the condition increases
with the number of reported voids per night, independent of the age or gender of the respondent.

2. A variety of demographic, lifestyle and health factors — which differ by
age and gender — are associated with nocturia

The research findings confirm previous research based on older study populations
that some of the examined demographic factors associated with nocturia are also
relevant for the working-age population, including age, gender or ethnicity. For instance, all else equal,
we find that women tend to have a higher probability to report two or more voids per night, as well as
black individuals. The probability of reporting more than two night-time voids also increases with age.
Furthermore, we find that chronic health conditions — such as kidney disease, diabetes, cardiovascular
disease, cancer and hypertension — are associated with more frequent night time voids.

3. Nocturia is associated with higher levels of sleep disturbance and
daytime fatigue

Due to the importance of the link between sleep and nocturia the study examines
in more detail the associations between different measures of sleep quality: (1) an
overall sleep disturbance score (with a higher score representing higher levels of disturbance); (2)
the self-reported first unit of uninterrupted sleep; and (3) a daytime fatigue score (with a higher
score representing higher levels of fatigue). Across all three measures we find that the prevalence
of nocturia is associated with self-reported poor sleep quality, higher levels of sleep interruption and
higher levels of daytime fatigue, independent of age and gender of the respondent. The magnitude
of these associations also increases with the number of reported night-time voids, suggesting
that the negative association between nocturia and sleep quality is also a function of nocturia
symptom-severity.

4. Nocturia is significantly associated with lower life satisfaction, work
engagement and productivity

The empirical analysis presented in this study suggests that nocturia is associated
with lower life satisfaction, work engagement and productivity in the working-
age population, even after adjusting for many other factors that could determine these outcome
variables, including sleep quality and duration.

For instance, an individual suffering nocturia reports on average, a 2 per cent lower life satisfaction
compared to an individual not suffering from nocturia. When comparing the magnitude of this
association with other factors, we find that this reduction in life satisfaction is of a similar magnitude
as suffering from other negative health conditions such as hypertension, cardiovascular disease
or asthma.

Furthermore, our empirical findings suggest that individuals with nocturia report on average, a 1.3
per cent lower engagement at work (measured using the Utrecht engagement scale) compared to
individuals not suffering from the condition.

With regard to workplace productivity (measured using the WPAI-GH scale), the findings suggest
that an individual suffering nocturia loses on average more than seven working days per year more
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due to absenteeism and presenteeism than an individual not suffering from nocturia. This is of the
same magnitude of lost productivity as observed among individuals with asthma, kidney disease
or hypertension.

5. Nocturia is associated with up to $79 billion of lost economic output
per year across six countries

To provide estimates of the economic costs associated with nocturia for six

countries, including the United Kingdom, the United States, Germany, Spain,
Japan and Australia, we use a macroeconomic model that simulates the various agents —
and their interactions — in an economy, including individuals, firms and the government. In our
analytical approach, the effect of nocturia is translated into the supply of effective labour units
that individuals provide in the economy. In essence, nocturia affects the labour supply through two
mechanisms: (1) lower productivity; and (2) excess mortality risk. First, as our empirical findings
suggest, individuals with nocturia are more likely to be absent from work due to sickness, or remain
at work with reduced performance, leading to an efficiency loss for each unit of labour supplied
in the economy. Secondly, the empirical evidence suggests that nocturia is associated with an
elevated mortality risk, which potentially can reduce the size of the working population. In a first
step, the economic model simulates the current economic situation of each of the six countries
under consideration in the status quo (or baseline) scenario — the current proportions of people
with nocturia. In a second step, under different ‘what if’ scenarios (compared to the status quo),
the model predicts how economic output would be affected if the proportion of people suffering
from nocturia were to be reduced. The two main scenarios included in the analysis examine either
(1) only the productivity loss associated with nocturia, or (2) both the productivity loss and excess
mortality associated with nocturia.

Overall, it is estimated that across the six countries analysed, more than 90 million people could
have nocturia, which corresponds to between 13 and 17 per cent of the whole population across all
age groups (see Table ES.1 for a breakdown by country).

Table ES.1: Number of individuals with nocturia (two or more voids per night) by country

- Total population Working-age population

Country | Millon | Share | Willon ___

Japan 21.8 17.0% 12.5 13.8%
UK 9.1 14.2% 5.7 12.8%
Spain 6.9 14.7% 42 12.5%
Germany 12.9 16.0% 7.6 13.1%
USA 40.0 12.9% 27.5 12.5%
Australia 2.9 13.0% 2.0 12.3%

Notes: calculated using age-gender specific nocturia prevalence population data provided by the UN Population Data-
base for each of the six countries. ‘Working-age population’ covers individuals aged 20 to 69.



Table ES.2 reports the estimated annual economic costs associated with nocturia by country.
Our economic predictions indicate that in terms of annual GDP losses due to nocturia-associated
absenteeism and presenteeism, Australia loses about S3 billion, Japan about $13.7 billion, the
USA about $44.4 billion, Germany about $8.4 billion, Spain about $3.1 billion and the United
Kingdom about $6 billion. Table ES.2 summarises the cost associated with nocturia and provides
a breakdown of the annual GDP losses associated with lower productivity (Scenario 1), and both
lower productivity and reduced labour supply (Scenario 2).

Table ES.2: Estimated annual economic cost associated with nocturia in GDP terms

Scenario 1: Real GDP Scenario 2: Real GDP - productivity &
— productivity reduction labour supply

$ billion (2018 Dollars)

Country Estimate Low High Estimate Low High
Australia 3.0 1.6 4.3 3.2 1.6 4.8
Japan 13.7 7.2 19.7 14.6 7.2 22.2
USA 44.4 24.2 63.3 47.9 24.2 73.1
Germany 8.4 4.5 12.1 9.1 4.5 13.8
Spain 3.1 1.7 45 3.3 1.7 5.0
United Kingdom 5.9 32 84 6.3 32 9.6
Country Estimate Low High Estimate Low High
Australia 0.21% 0.77% 0.30% 0.22% 0.77% 0.33%
Japan 0.21% 0.77% 0.37% 0.23% 0.77% 0.35%
USA 0.26% 0.74% 0.37% 0.28% 0.74% 0.43%
Germany 0.22% 0.712% 0.32% 0.24% 0.12% 0.37%
Spain 0.20% 0.77% 0.29% 0.22% 0.771% 0.33%
United Kingdom 0.23% 0.12% 0.33% 0.25% 0.12% 0.37%

Notes: All values are reported in 2018 US Dollars. Low’and ‘High’ represent the results from sensitivity analyses using
the lower and upper bounds of the 95% confidence intervals for the main input parameters (percent work impairment
due to absenteeism and presenteeism and mortality risk). The contribution of the reduction in labour supply can be
calculated using the difference in real GDP between Scenario 2 and Scenario 1, however, the estimations including
reduced labour supply due to excess mortality associated with nocturia should be used with caution as the evidence
on the association between the condition and mortality risk is associated with some robustness issues.

Vil



Conclusions

The key insights and contribution from this study are as follows. Firstly, nocturia not only affects
older age cohorts but is also prevalent in younger populations. Furthermore, the condition seems
to be ‘bothersome’ for individuals and the level of ‘bother’ increases with the number of night-time
voids reported. Secondly, nocturia is associated with a considerable number of lifestyle risks and
co-morbidities. However, nocturia as a condition is still poorly understood and more research is
needed to better understand the mechanisms of whether these lifestyle and health factors are
caused by nocturia or whether nocturia is an underlying clinical indicator for these factors. Thirdly,
given its potential sleep impairing association, the impact of nocturia goes beyond the individual's
health or quality of life, potentially negatively affecting their productivity and engagement at work,
with negative economic ramifications. This study highlights some of these associated economic
costs. Fourthly, even after adjusting for a variety of different covariates, including sleep quality and
duration, the statistical analysis of this study suggests that nocturia is associated with profound
levels of work impairment due to absenteeism and presenteeism. Finally, this study shows clearly
strong associations and overlaps between nocturia and sleep quality. These findings suggest that
the consequences of nocturia are partially explained by poor sleep, but there remains anindependent
effect of nocturia on individual health and economic outcomes. This study cannot fully tease apart
the directionality of the relationship between nocturia and sleep, which is an important area for
future research. However, these findings highlight that both nocturia and poor sleep quality offer
important opportunities for intervention. Given the substantial economic implications of untreated
nocturia, this should be a ‘wake-up’ call to diverse stakeholders — including patients, health-care
providers and employers — of the importance of identifying and treating nocturia.
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Introduction

1.1. Nocturia — a common but often-neglected condition

Nocturia is a lower urinary tract condition in which complainants wake up one or more times to
void at night, and each void is preceded and followed by sleep (van Kerrebroeck et al., 2002). There
are different types of nocturia caused by different factors, among the most common of which are
a large urine volume produced during the night or a reduced bladder capacity.

Generally, those who experience less than two voids per night are not regarded as having clinically
significant nocturia that warrants a diagnostic or clinical investigation or treatment. This is because
empirically, most individuals who experience less than two voids per night generally report only
minimal bother from the condition, whereas in contrast, the available evidence suggests that two
or more experienced voids is likely to be associated with more severe consequences, such as
impaired sleep health and a lower quality of life (Bosch & Weiss, 2010). Hence, the occurrence
of an average of two or more voids per night represents the threshold after which nocturia shifts
from being perceived as a minor inconvenience to a more bothersome and clinically meaningful
condition.

Nocturia, defined as at least two night-time voids, is relatively common, affecting on average about
20 per cent of the overall population, with prevalence increasing with older age (Bosch & Weiss,
2010). It is experienced as a troublesome condition with negative implications for individuals’
sleep as well as consequences for daytime functioning and overall health, including increased risk
of fatigue, cognitive impairment, cardiovascular disease, depression and — in older individuals —
a higher risk of injury through falls (Weidlich et al., 2017). However, quite often nocturia is not
acknowledged as a condition, with doctors and health practitioners often overlooking nocturia as a
potential health problem associated with sleep loss, as well as patients not reporting the condition
until it becomes unbearable, substantially affecting individual quality of life (Marinkovic et al., 2004).

Given the relatively higher prevalence-rates of nocturia in older individuals, the emerging evidence
baseregarding nocturia and its potential negative consequences is mostly derived from populations
aged 45years and older,and less is known about the negative implications of nocturia in populations
of working-age individuals. However, given the condition's negative consequences on sleep and
daytime functioning, understanding the consequences of nocturia in working-age individuals is
important from a wider societal point of view, as it not only negatively affects individuals’ quality of
life but potentially also has economic consequences for employers.



1.2. Objectives of this study

This study aims to examine the associations between nocturia and a range of factors and
outcomes, with the overarching objective to comprehensively analyse the potential ramifications
of nocturia in a working-age population. Using large-scale, linked employer—employee data across
different regions (United Kingdom, Australia and Asia) we examine the associations of nocturia
with individual health, lifestyle, subjective wellbeing and workplace behaviour, such as engagement
or productivity. Building on existing scientific evidence and applying relevant quantitative research
methods, this study seeks to:

1.

Identify the factors associated with nocturia in a working-age population: Previous studies
in mostly older adult populations have found that individual socio-demographic, lifestyle and
health factors are associated with the prevalence of nocturia. These factors include, among
others, age, gender, obesity and chronic health conditions such as depression and kidney
disease. In this analysis we examine the relative importance of these factors in explaining the
prevalence of nocturia in a working-age population.

Examine the associations between nocturia and sleep, subjective wellbeing and workplace
engagement and productivity: We examine the association between nocturia and sleep
quality in more detail and also investigate the associations between nocturia and a variety
of outcomes, including subjective wellbeing (e.g. measured as self-reported life satisfaction),
as well as engagement and productivity in the workplace. We further divide the sample into
different age and gender sub-samples to test whether any of the associations between nocturia
and outcome variables also hold for different age and gender groups, especially the younger
population — where specific knowledge on nocturia is still scarce. Furthermore, we examine the
relative importance of nocturia in explaining these outcomes, by comparing the magnitude of
the associations with those of other health and lifestyle behaviours (e.g. sleep health and BMI)
and chronic conditions including cancer, cardiovascular disease or depression, among others.

Quantify the economic burden associated with nocturia: A small number of previous studies
have aimed to assess the economic burden associated with nocturia, relying on cost-of-iliness
methods that use a bottom-up approach to calculate the healthcare costs and associated
productivity losses (e.g. due to absenteeism at work). In this study we aim to quantify the
economic costs associated with nocturia in a working-age population across six different
countries, including the United Kingdom, Germany, Spain, Australia, Japan and the United
States. For this purpose we apply a macroeconomic or so called ‘lost economic output’ model
(Bloom et al., 2011) to estimate the potential economic loss associated with nocturia.” An
advantage of using a more detailed economic model is that any changes in the supply of labour
can have potential spillover effects to other agents in an economy (e.g. for the government
through higher tax income), which are captured in this modelling framework.

The applied model is similar in nature to the WHO's Economic Cost of Ill-Health (EPIC) model, but more comprehensive
and detailed in the representation of the model economy.



1.3. Research methodologies

In order to address the research objectives formulated above, our research incorporates three
methodological strands:

1. Non-systematic literature review: we review the existing literature to collate currently available
evidence about the definition, prevalence and associated factors of nocturia (Chapter 2).

2. Multivariate regression analysis: we use statistical multivariate regression methods to
examine the associations between nocturia and socio-demographic and lifestyle factors, as
well as co-morbidities, sleep disturbances and daytime fatigue (Chapter 4); and life satisfaction
and workplace productivity and engagement (Chapter 5). The statistical analyses are based
on large workplace surveys conducted across different countries for the years 2017 and 2018.

3. Macroeconomic modelling: we use a computational general equilibrium (CGE) economic model
to calculate the overall economic cost associated with nocturia in a working-age population
with regard to workplace productivity and potential elevated mortality risk (Chapter 6).

1.4. Structure of this report

Chapter 2 provides a summary of the existing literature. Chapter 3 describes in more detail the
research approach taken and the data used in the statistical analysis. Chapter 4 presents the
findings of the empirical analysis regarding co-morbidities and demographic and lifestyle factors
associated with nocturia, as well as the associations between nocturia and sleep disturbances and
daytime fatigue. Chapter 5 reports the empirical findings for the associations between nocturia and
life satisfaction, workplace engagement and productivity. Chapter 6 reports the analysis regarding
the economic costs associated with nocturia, and Chapter 7 synthesises and summarises the
findings.






The prevalence of nocturia, factors
associated with the condition and possible
consequences — a glance at the literature

This chapter provides an overview to nocturia, and describes why the condition could have a
negative impact on individuals and the wider society. It starts by discussing the clinical and
practical definitions, prevalence and consequences for health, wellbeing and productivity, based on
what is known from the available literature. Also discussed are the associations between nocturia
and sleep, and the existing evidence on the estimated economic burden associated with nocturia.?

2.1. Nocturia — a common but often-neglected condition

Nocturia is defined by the International Continence Society (ICS) as ‘the complaint that the individual
has to wake at night one or more times to void’ where ‘each void is preceded and followed by sleep’
(vanKerrebroeck et al., 2002). However, as noted by Coyne et al. (2003), this broad definition does not
indicate the threshold of when nocturia becomes ‘bothersome’ to individuals. In general, those who
experience less than two voids per night are not regarded as having clinically significant nocturia
that warrants a diagnostic or clinical investigation or treatment. The reason behind this is that
empirically, most individuals with less than two voids per night generally experience only minimal
bother from the condition (assuming they return to sleep satisfactorily), whereas in contrast, the
available evidence suggests that two or more experienced voids is likely to be associated with more
severe consequences, such as impaired sleep health and a lower quality of life (Bosch & Weiss,
2010; Tikkinen et al., 2010). Hence, the occurrence of an average of two or more voids per night
represents the threshold after which nocturia shifts from being perceived as a minor inconvenience
to a more bothersome and clinically meaningful condition.

A recent review summarised the clinical recommendations of the ICS standards on nocturia and
lower urinary tract function, and the 2018 ICS consultation on nocturia terminology (Hashim &
Drake 2018). A conclusion from the review is that from a clinical diagnosis perspective, nocturia is
waking at night to pass urine and the number of times an individual passes urine during their main
sleep period is relevant for the diagnosis.

2 Note that the evidence discussed in this chapter has been gathered through a targeted but non-systematic literature
review.



2.1.1. Types and prevalence of nocturia
The prevalent types of nocturia generally fall into three categories (Appell & Sand, 2008):
1. diurnal polyuria (excessive production of urine over a 24 hour period);

2. nocturnal polyuria (excessive production of urine at night, with the overall 24 hour output
deemed normal);

3. low bladder capacity.

Among the three types, nocturnal polyuria (NP) is the most commonly reported type of nocturia.
NP involves passing large volumes of urine at night due to excessive production of urine during the
individual's main sleep period.® For instance, in a clinical study, data from a cohort of more than
1,700 subjects demonstrated that NP was present in between 66 to 83 per cent of nocturia patients
younger than 65 years old, and in 90 to 93 per cent of those aged 65 years or older (Weiss et al.,
2017).

In the overall population, nocturia, defined as at least two night-time voids, is relatively common,
affecting on average about 20 per cent of the overall population (Weidlich et al., 2017). Epidemiologic
data demonstrate that the prevalence of nocturia increases with age (Coyne et al., 2003; Bosch &
Weiss 2010), with up to 59 per cent of men and 62 per cent of women awakening at least twice per
night by the age of 70. However, even among younger men and women aged 20 to 40, prevalence
estimates for nocturia, depending on the number of night time voids, range from 11 to 44 per cent.
Beyond age, several studies have investigated gender differences in the prevalence of nocturia.
For instance, in a random sample of the population in Finland, Tikkinen et al. (2006) find that in
younger age groups from 18 to 49 years, women are more likely to suffer from nocturia than men.
Interestingly, an equal share of men and women aged between 50 and 59 years report having
nocturia, whereas in those aged 60 years and above nocturia tends to be more common in men.

In summary, nocturia is a condition that affects a significant proportion of the working-age
population, with approximately up to one in ten individuals aged 45 or younger regularly waking to
void twice or more in the night.

2.1.2. Factors associated with nocturia

Beyond age and gender, there are numerous other risk factors associated with the condition. For
instance, the evidence suggests that nocturia is comorbid with other health conditions such as
cardiovascular diseases, diabetes, lower urinary tract obstruction, pulmonary diseases, sleep
disorders and anxiety (Jennum, 2002; Weiss & Blaivas 2000). Additionally, Hakkinen et al. (2008)
find that depressive symptoms are associated with approximately a three times greater risk of
having nocturia among middle-aged to older males in Tampere, Finland.

Furthermore, a small number of studies examine the association between nocturia and socio-
demographic factors and socio-economic status. Examining data from a random sample of
individuals from Boston, Fitzgerald et al. (2007) find that individuals from ethnic minority groups

3 Nocturnal polyuria — passing large volumes of urine at night — is a sign of the excessive production of urine during the
individual's main sleep period. These should be quantified using a 3-day bladder diary, thereby facilitating identification
of 24-polyuria, nocturnal polyuria, lower urinary tract dysfunction or sleep disorder.



are significantly more likely to suffer from nocturia than white respondents. In a comprehensive
review of the nocturia epidemiological literature, Yoshimura (2012) find that different ethnicities
were associated with different nocturia prevalence. For example, non-white ethnicities have a
higher prevalence in the U.S. than their white counterparts, while indigenous residents are more
likely to have nocturia in eastern Taiwan. Kim et al. (2017) investigate the association between
socio-economic status and nocturia among Korean adult males. They find that individuals with
lower income levels exhibit a symptom-severity dependent relationship with nocturia, such that
those with lower education levels have significantly higher prevalence of nocturia, as compared
to those with more education. Finally, the type of occupation is also significantly associated with
nocturia. Students, the unemployed and blue-collar workers are more likely to suffer from nocturia.
Collectively, these findings suggest that as with other health conditions, nocturia is socially
patterned, disproportionately affecting certain racial/ethnic minorities and individuals from lower
socio-economic classes.

With regards to the relationship between nocturia and sleep, Samuelsson et al. (1997) examine
the impact of nocturia, defined as two or more voids per night, on the self-reported sleep of a
sample of working age women in Sweden. Those with nocturia have significantly lower sleep-
quality scores. Likewise, Kim et al. (2011) draw the same conclusion when studying the impact
of nocturia on sleep among Korean men, albeit in a slightly older age group (40 to 79 years). In a
community sample in the US, Coyne et al. (2003) find that the presence of nocturia is significantly
and negatively associated with sleep. Further, they found that self-reported sleep quality grew
worse with every additional reported night-time void. However, given the cross-sectional nature of
the data, the direction of the relationship between nocturia and sleep was not established.

Previous research has shown that voiding is cited as one of the main reasons for waking at night,
and sleep disturbance mediates the effect of nocturia on quality of life (Bing et al., 2006). Nocturia
is negatively associated with direct measures of sleep efficiency and sleep quality (Yoshimura et
al. 2009; Asplund, 2005. Another important factor debated in the literature is whether individuals
with nocturia are awakened because of the urge to void, or whether they are awakened for some
other reason and then sense the need to void (Pressman et al., 1996). To date, there is no clear
data on this, and the cause-and-effect associations between nocturia and insomnia are not always
obvious. Some studies support the relationship between nocturia and insomnia. For instance,
Ayoub et al. (2014) identify nocturia as one of the independent correlates of insomnia amongst
380 older adults aged over 60 years, along with other factors such as a variety of chronic diseases,
being female, anxiety, watching television in bed before sleeping, depression and daily sunlight
exposure. However, secondary analyses performed on data from a study of behavioural treatment
for insomnia in 79 older adults found that therapy was more efficacious in participants with no
nocturia (Tyagi et al., 2014). This would indicate that nocturia and insomnia are to some extent
independent of each other.

In conclusion, when discussing the relationship between sleep disturbance and nocturia, it is
difficult to clarify which is the cause and which is the result. Nevertheless, it is clear that nocturia
and sleep disruption go hand-in-hand.



2.1.3. Nocturia and health, social and work outcomes

As described above, nocturia has been found to be associated with decreased quality and length
of sleep amongst those who suffer from the condition. Beyond its direct impact on sleep, nocturia
is associated with a range of other negative health outcomes. Andersson et al. (2016) analyse
physician-recorded data from patients across the UK, France, Germany, Spain and the US in an
attempt to determine the impact of nocturia on health-related quality of life (HRQoL). HRQoL is
indeed significantly lower among nocturia patients, where nocturia is defined as having two or
more voids per night. Additionally, HRQoL decreases significantly with each additional night-time
void. Tikkinen et al. (2010) also find that nocturia, again defined as at least two or more voids per
night, is associated with impaired HRQoL in their study of a random sample of the population in
Finland. Such findings are supported by previous work of a similar nature in the US (Coyne et al,
2003; FitzGerald et al., 2007) and Austria (Schatzl et al. 2000).

Specifically for older populations, nocturia is also associated with a higher risk of falling (Vaughan
et al,, 2012; Stewart et al,, 1992). A study by Kim et al. (2017) shows that nocturia is associated
with increased risk of falls in older people, but even among a subsample of younger men aged 19
to 30, the study found an association between high severity of nocturia (i.e. four or five night-time
voids) and falling.

As well as its association with specific health outcomes, some studies show that nocturia is a
strong predictor of (all-cause) mortality. In the US, Kupelian et al. (2011) analysed results from
the Third National Health and Nutrition Examination Survey and found a statistically significant
association between greater numbers of voiding episodes per night and mortality, even after
controlling for relevant covariates such as sleep, socio-demographic status and other morbidities.
Additionally, nocturia (defined as two or more voids per night) was found to be a stronger predictor
of mortality among younger individuals than the elderly. In another US study of older men (mean
age 74), those who voided three or more times per night had a 21 per cent greater risk of mortality
than those with zero to one voids, also after controlling for important covariates (Endeshaw et al.,
2016). In Finland, Akerla et al. (2018) analysed longitudinal survey data of middle-aged and elderly
men and, controlling for important covariates, found that those with nocturia had a 38 per cent
greater risk of mortality than those without, where nocturia was defined as two or more voids
per night. Nakagawa et al., (2010) analysed the association between nocturia and mortality in
a community-based sample of older Japanese individuals (aged 70 years or above), also using
longitudinal survey data. Individuals in this sample of very old individuals with nocturia (defined as
two or more voids per night) had a 98 per cent higher chance of mortality, even after controlling for
smoking status and other comorbidities.

A significant drawback of the mortality literature summarised thus far is its focus on a few countries
and specific populations. However, in a systematic review alongside a meta-analysis, Pesonen
et al. (2016) found an increased mortality rate for individuals with nocturia equivalent to 28 per
cent excess risk per year among the nine studies they identified. As Fan et al. (2015) highlight,
the underlying mechanisms of how nocturia contributes to a higher mortality risk needs further
research. Nocturia may represent a clinical indicator for a variety of diseases, including diabetes,
cardiovascular disease, as well as falls and fractures and sleep disruption. Studies that cannot
adjust for these diseases or sleep disorders may overestimate the mortality risk. Fran et al. (2015)
provide several estimates for the relationship between nocturia and all-cause mortality and show



that in studies that measure nocturia as two or more voids per night, relative risk is 1.06 (95% Cl:
0.97-1.17), suggesting that individuals reporting two or more voids per night have on average a 6
per cent higher probability to die than individuals with less than two voids.

A small strand of the literature looks beyond the impact of nocturia on sleep, health and mortality
to consider the effect the condition has on workplace productivity. For instance, Kobelt et al.
(2003) examine the impact of nocturia on the productivity of professionally active individuals in
Sweden with the condition, compared to a matched control group of those without it. Productivity
is captured using the Work Productivity and Activity Impairment (WPAI) measure, an externally
validated questionnaire instrument that captures both absenteeism and presenteeism (Tang et
al., 2011).* Work impairment is significantly higher among those with nocturia, with this difference
being driven by presenteeism rather than absenteeism. Further, as the severity of nocturia increases
(i.e. the higher the number of voids per night), so too does the level of work impairment. Overall,
Kobelt et al. (2003) conclude that individuals with nocturia report 9.2 per cent lower workplace
productivity than those without the condition.

In more recent work, Miller et al. (2016) compare the impact that nocturia has on workplace
productivity with 12 other common chronic conditions, from asthma to arthritis. Undertaking a
systematic review of the literature, the authors identify research that utilises the WPAI measure.
Drawing on data from three nocturia-related studies (Andersson et al., 2013; Biliotti et al., 2014;
Kobelt et al., 2003), Miller et al. (2016) find that nocturia increases overall work impairment from
anywhere between 10 and 39 per cent, reporting a large range of work-impairment estimates
varying, in part, based on which relevant covariates were included. When compared to the
magnitude of work impairment of other conditions, nocturia has a similar impact on productivity
as overactive bladder (11-41%), gastroesophageal reflux disease (6-42%), asthma/allergies
(6—40%), chronic obstructive pulmonary disease (19-42%), sleep problems (12-37%), depression
(15-43%) and gout (20—37%). Such findings demonstrate that nocturia might be just as detrimental
to productivity as numerous other common chronic conditions, despite being significantly less
researched. However, it is important to stress that the available studies examining the association
between work impairment and nocturia are still scarce and are based on small samples and a
limited number of covariates that have been adjusted for in the regression analysis.®

2.1.4. The economic burden of nocturia

Beyond intangible cost (e.g. lower levels of quality of life), there is emerging evidence that nocturia is
potentially associated with a substantial economic burden in relation to health care costs and loss
of workplace productivity of those with the condition (see Table 2.1 for a summary). For instance,
Holm-Larsen (2014) estimates the wider economic impact of nocturia, defined as two or more
voids per night, in the US and across the EU-15 countries (i.e. Austria, Belgium, Denmark, Finland,

4 Absenteeism is when employees do not show up at work, for instance due to sickness absence, and presenteeism
is when people show up at work but do not function to the best of their ability and hence have a lower workplace
productivity

5 For instance Kobelt et al. (2003) found that work impairment for the nocturia group is more than 10 per cent larger than

for the control group, but this estimate is only adjusted for age and gender and hence likely upward biased because
many other factors that could impact workplace productivity and nocturia simultaneously have been omitted in the
analysis. A similar percentage of work impairment has been found by Dmochowski et al. (2019), adjusted for age and
gender and overactive bladder, and benign prostatic hypertrophy in a sample of about 1,000 US nocturia patients.
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France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden and
the UK) using a cost-of-illness approach.

Table 2.1: Estimated annual economic burden of nocturia by country

Direct cost (billion) Indirect cost (billion)
USA $61

$1.5
Holm-Larsen (2014)

EU-15 $1.0 $29
Germany €2.3 €20.8
Weidlich (2017) Sweden €0.5 €20
UK €18 €56

Notes: annual direct costs include healthcare utilisation cost associated with nocturia, and annual indirect costs
include cost related to lower workplace productivity in the form of higher levels of absenteeism or presenteeism.

Utilising data gathered through a search of the relevant literature, the author estimates: 1) the
annual direct cost of nocturia, i.e. those related to the increased risk of falling; 2) the annual indirect
cost of nocturia, i.e. those related to the loss of productivity; and 3) the intangible costs, such as
behavioural modifications and poor mood. Firstly, the annual direct cost is found to be $1.5 billion
in the US and €1 billion in the EU-15, based on the increased risk of falls and their associated
hospitalisation costs. However, these estimates are based on data from patients of retirement
age. Perhaps most significantly, Holm-Larsen (2014) estimates that nocturia costs the US S61
billion and the EU-15 €29 billion annually in lost productivity. These figures are calculated by using
data on the prevalence of nocturia, the impact it has on productivity and the average income in
each country. Weidlich et al. (2017) also estimate the annual direct and indirect cost attributable to
nocturia in Germany, Sweden and the UK using a cost-of-illness approach. They find that the annual
direct cost of healthcare resources to manage nocturia is about €2.3 billion in Germany, €0.54
billion in Sweden and €1.77 billion in the UK, with falls and fractures among the main cost drivers,
as well as clinician visits. Furthermore, the study estimates the annual indirect cost associated with
lower workplace productivity to be €20.76 billion in Germany and €2 billion in Sweden, whereas the
annual cost related to absenteeism in the UK was estimated to be €5.64 billion.

In summary, the evidence base on the consequences of nocturia is an emerging field, with much
of the current evidence consisting of small studies often undertaken in specific contexts, often
among older, non-working adults. As a result, it is challenging to draw definitive conclusions about
the prevalence, causes, risk factors and consequences of nocturia. Although there is evidence that
nocturia negatively affects individuals, empirical results from working-age populations are limited.
This is where this study aims to contribute to the existing knowledge gap.



Quantifying factors associated
with nocturia and corresponding
outcomes — data and methods

This chapter provides an overview of the international linked employer and employee data used
in the statistical analysis to examine the factors associated with nocturia and its outcomes in a
working-age population. It describes the statistical approach used to analyse the data and how the
variables used in the analysis have been constructed, as well as providing corresponding descriptive
statistics. Finally, the limitations to the statistical analysis are discussed.

3.1. International workplace survey data

We use data collected from employers and employees in the United Kingdom, Australia, Malaysia,
Hong Kong, Thailand, Singapore and Sri Lanka. The data stems from data collected by RAND
Europe as part of Vitality UK's Britain's Healthiest Workplace Survey, as well as AIA’s Asian Healthiest
Workplace Survey. Two annual survey waves are included, for the years 2017 and 2018.

Both surveys are large working-age population surveys among the workforces of the UK, Australia,
Malaysia, Thailand, Sri Lanka, Singapore and Hong Kong, with the goal to collect information
about all aspects of health and wellbeing and corresponding health-promotion interventions in
the workplace. In both BHW and AlA surveys, employers are surveyed about their provision of
health and wellbeing interventions, while the employee survey covers more than 100 questions
related to demographic factors (e.g. age, gender, education, income), lifestyle and health behaviour
(e.g. nutrition, smoking habits, physical activity, sleep behaviour), health factors (e.g. mental and
physical health indicators, chronic and musculoskeletal conditions), as well as measures including
workplace productivity and job and life satisfaction.® Both surveys include a question on the number
of times an individual reports waking at night to visit the bathroom.” We discuss in more detail the
variables applied in the empirical analysis in the next section. Table 3.1 below reports the sample
sizes for each country included in the two surveys, by year.

6 A more detailed description of the survey data and an explanation about the representativeness of the data is provided
in Appendix C
7 The exact wording of the question is as follows: ‘How often do you usually get up during the night to go to the

bathroom?”
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Table 3.1: Sample sizes by country and year

I 2017 I R

UK 31,893 26,407 BHW
Australia 2,446 2,906 AlA
Malaysia 5,369 11,551 AIA
Hong Kong 1,162 2177 AlA
Singapore 1,162 = AlA
Thailand - 7,513 AlA
Sri Lanka = 1,133 AlA
Total 42,032 51,687

Source: RAND Europe, based on Vitality BHW survey and AIA survey

Overall, the pooled UK sample includes 58,300 individuals across the years 2017 and 2018. Across
the six countries involved in the AlA survey, the sample includes 35,419 across the two years.?

For the purpose of the main analysis we pool the available data across the seven countries and two
survey waves.?

3.2. Statistical approach: a multivariate regression analysis

For the purpose of this analysis, we use multivariate regression models to investigate the
associations between nocturia and a set of outcome measures, including workplace productivity,
quality of life and a set of sleep measures. Depending on the analysis, nocturia (e.g. measured as
a dichotomous variable taking the value one if a respondent reports two or more voids per night
and zero otherwise) may be the independent or dependent variable. We primarily apply ordinary
least squares (OLS) regression analysis to explore associations between nocturia and a number of
different variables. In non-technical terms, a linear regression model is used to describe the relation
between two or more variables in a set of data points with aline. Hence, OLS is a statistical approach
to fitting a model to the observed data by finding the function that most closely approximates (or
best fits) the data (Wooldridge, 2015). In technical terms, the OLS method is used to fit a straight

8 Note that while the same individual could participate in both 2017 and 2018, it is not possible to directly observe the
repeating participants over time. Hence, those who participate twice feed into the analysis as two separate individuals
For instance, in case the nocturia severity is fluctuating (e.g. from three voids per night to one void or vice versa), the
same individual would be in the nocturia group in one year and not in the other. It is known that roughly 5 per cent of
the overall samples participate in both years

9 Where relevant we also report the findings on a more granular regional level for the UK, the Asian countries and
Australia separately. However, note that all regression analyses presented in this study are adjusted for ethnicity and
region, and hence only take into account within ethnicity and within region variation in nocturia when estimating the
associations with different outcomes.



line through a set of data-points so that the sum of the squared vertical distances (called residuals)
from the actual data-points is minimised. Therefore, the best fit can be represented by the line that
minimises the total distance between the actual data-points and the predicted values. As described
in Section 3.3 many of the explanatory variables included in the regression analysis are binary
indicator variables related to health or lifestyle factors.™

Note that the analysis also includes outcome variables that are binary indicators (e.g. two or more
reported voids per night), and using OLS leads automatically to the linear probability model (LPM)."
One issue that may arise with LPM is that it might predict values for the probability of being in
the nocturia population that lie outside the probability interval between 0 and 1. A Probit or Logit
response estimator takes this into account but makes (strong) assumptions about the error terms
using maximum-likelihood techniques. However, as long as the relative proportion of LPM predicted
values that fall outside the unit interval is small, the LPM estimator is expected to be unbiased
(Angrist and Pischke, 2010). That is, the LPM is our preferred estimator, as for interpretational
practicality the LPM directly delivers the marginal effects of our variables of interest without the
need for conversion of odds ratios into meaningful metrics.'? Because we only have cross-sectional
data, we cannot infer causal relationships in the data. However, the dataset includes a large set of
control variables that allows for the adjustment of many confounding factors, which allows us to
examine the independent association between nocturia and a given variable. As the data is a linked-
employer-employee dataset, in each regression we include company-fixed-effects that adjust for
any company-specific factors in the response of individuals, and we cluster standard errors at the
company level. All statistical analyses are conducted in STATA 15.%° Results are reported at the 5
per cent significance level. That means for statistical significance we expect the p-value to be less
than the significance level (p<0.05).™

10 In other words, for interpretation purposes the variables should be interpreted relative to an omitted base or reference
category (e.g. for a variable female the omitted category would represent a male employee).

11 See Angrist and Pischke (2010) for a discussion about the advantages of using LPM instead of Logit and Probit binary
response models

12 For sensitivity analysis we also applied logistic regression models where the outcome variable is binary. The findings
are identical to the models estimated with LPM

13 https:/www.stata.com

14 The concept of statistical significance is generally used to determine whether a null hypothesis is to be rejected or

retained. For this analysis, the null hypothesis is the default statement that the true association between two variables
is zero. P-values represent the probability of observing an effect given that the null hypothesis is true (there is no real
association), whereas the null hypothesis is rejected if the p-value is less than the significance level. The significance
level therefore represents the probability of rejecting the null hypothesis given that it is true (DeGroot & Schervish,
2002)


https://www.stata.com/
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3.3. Variables used in the analysis

In the statistical analysis of this study we examine a set of factors associated with the prevalence
of nocturia, as well as the associations between nocturia and a set of outcome variables of
interest. In what follows we describe in more detail the variables used in the analysis, beginning
with how nocturia is measured, followed by a description of some of the key covariates, as well as
a description of the outcome variables. The variables used in the analysis can be divided into the
following categories:

Socio-demographic; Nocturia;

Lifestyle and health behaviour; Sleep;

Subjective wellbeing, work

Chronic health conditions; .
engagement and productivity.

()

3.3.1. Socio-demographic variables

Like other surveys in the area of health and wellbeing, the BHW and AlA surveys include a number of
socio-demographic indicators. We use these indicators as covariates in the analysis. They include:

Gender: the binary variable takes the value one if the respondent is female or zero
otherwise.

Date of birth: for which we calculate current age in years. In addition to the
continuous variable age in years we also create three age categories, including
either (1) between age 18 and 30; (2) 31 and 50; or (3) 51 or older, respectively.

Education: is divided into five different categories according to the highest level of
educational degree achieved: (1) primary education only; (2) lower secondary; (3)
upper secondary but not university; (4) undergraduate university; (5) postgraduate.




Income: is measured in the surveys through a scale of ten different country-
specific income categories.®

Marital status: is captured in the surveys through five different categories,
including (1) married; (2) cohabitating; (3) separated/divorced; (4) never married;
(5) widowed.

Occupation: information is collected in the surveys through various occupational
categories, including, among others: manager, professional, technician, clerical
support worker; service worker, sales worker, skilled agricultural and fishery
worker, craft and related trades worker, plant and machine operator or assembler,
elementary occupations, armed forces occupations.

Irregular hours: a binary variable taking the value one if an individual reports to
work irregular or shift hours and zero otherwise.

Ethnicity: including four ethnicity related categories: (1) White; (2) Asian; (3) Black;
and (4) other ethnic background.

3.3.2. Nocturia or the frequency of night-time bathroom visits

The BHW and AIA surveys include a question on the number of times an individual reports having
to get up at night to go to the bathroom to void. In line with existing literature, we define nocturia
as a dichotomous variable, consisting of those individuals reporting two or more voids per night
versus individuals reporting less than two voids per night. Table 3.2 reports the frequency for the
reported number of voids per night across respondents of three regions (UK, Asia and Australia) by
year and total.

15

Income scales have been adapted to each country's income distribution in the local currency, which roughly
correspond to deciles of the work-income distribution.
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Table 3.2: Distributions of the number of voids per night; by year and region

Panel A: United Kingdom

Years Total
Number of voids: 2017 2018 individuals per cent
0 16,411 12,539 28,950 49.7%
1 12,776 10,943 23,719 40.7%
2 2,003 2,060 4,063 7.0%
3 492 555 1,047 1.8%
4 119 126 245 0.4%
5+ 92 184 276 0.5%
Total 31,893 26,407 58,300 100.0%
Panel B: Malaysia, Hong Kong, Singapore, Thailand, Sri Lanka
Years Total
Number of voids: 2017 2018 individuals per cent
0 3,085 8,453 11,538 43.4%
1 2,671 9,399 12,070 45.4%
2 528 1,581 2,109 7.9%
3 146 441 587 2.2%
4 22 85 107 0.4%
5+ 48 133 181 0.7%
Total 6,500 20,092 26,592 100.0%
Years Total
Number of voids: 2017 2018 individuals per cent
0 1,159 1,429 2,588 48.4%
1 1,040 1,183 2,223 41.6%
2 164 208 372 7.0%
3 52 59 111 2.1%
4 11 12 23 0.4%
5+ 14 12 29 0.5%
Total 2,443 2,903 5,346 100.0%

Source: RAND Europe, based on Vitality BHW survey and AIA surveys 2017 and 2018.



Panels A, B and C report the number of voids for the UK, Asian and Australia-specific sub-samples.
Overall, we find a relatively similar prevalence of two or more voids per night across the three
regions. For the UK, 9.7 per cent of respondents report two or more voids; in the Asian sample 11.2
per cent of respondents report two or more voids and in the Australian sample about 10 per cent
of respondents report two or more voids per night. The three regional samples are also relatively
similar with regards to the nocturia symptom-severity distribution. In the UK and Australia sub-
sample, about 7 per cent of respondents report two voids per night, compared to 7.9 per cent in
the Asian sub-sample. The proportion of three voids per night varies between 1.8 per cent (UK)
and 2.2 per cent (Asia), whereas the proportion of four voids per night is identical across all three
sub-samples, namely 0.4 per cent. Finally, the proportion of five or more reported voids per night is
identical across the UK and Australian sub-samples (0.5 per cent), and slightly higher in the Asian
sub-sample (0.7 per cent). Note that given the relatively low prevalence of more than three voids
per night for the remainder of the analysis, we separately define and analyse the association with
some factors for four sub-groups within the nocturia population: (1) zero voids; (2) one void; (3) two
voids and (4) three or more voids.

Table 3.3 reports the share of individuals reporting two or more voids per night by gender-age
sub-samples. Within the female sample population aged 18-30, out of 17,070 individuals 8.95 per
cent report two or more voids per night. This increases to 10.19 per cent for the female sample
population aged 31-50 (out of 26,203 individuals) and 18.11 per cent for the female sample
population aged 517 or older (out of 6,633). Within the male sample population aged 18-30, out of
12,285 individuals, 6.34 per cent report two or more voids per night. This share increases to 8.56
per cent (out of 23,671 individuals) for the male sample population aged 31-50 and to 14.65 per
cent for the male sub-population aged 57 or older (out of 7,497 individuals).

Table 3.3: Percentage of sample population reporting two or more voids per night, by age and
gender

Age: 18—-30 8.95 17,070 6.34 12,285
Age: 31-50 10.19 26,203 8.56 23,671
Age: 51+ 18.11 6,633 14.65 7,497

Notes: based on Vitality BHW survey and AIA surveys 2017 and 2018. Per cent represents the share of individuals
within the gender-age sub-sample reporting two or more voids per night. N represents the total number of individu-
als within each gender-age sub-sample.

In addition to the experienced number of voids per night, UK respondents in the 2018 BHW survey
rate how bothered they are with having to get up at night and go to the bathroom on a scale ranging
from 1 ('not at all bothered’) to 5 (‘extremely bothered’). The item is dichotomised taking the value
0 if the respondent is not at all bothered and 1 if the respondent is bothered. Figure 3.1 reports
the coefficients from a linear regression of bother (as the dependent variable) as a function of
symptom severity, separately for age and gender.
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Overall, we observe that nocturia is bothersome and that the level of bother increases with the
number of reported voids per night, independent of age or gender. For instance, while about 10 per
cent of individuals aged between 18 to 30 report that one void per night is bothersome, more than
20 per cent report being bothered if they have three or more voids per night. This rises to over 30
per cent for women aged 51 and older and more than 25 per cent for men aged 51 and older.®

Figure 3.1: Nocturia symptom-severity and bother — share of individuals with perceived bother
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Source: Author's calculations, based on BHW survey 2018.

Interestingly, we observe that the marginal rate of being bothered declines somewhat with the
number of voids, with a relative steep increase in reports of being bothered across all age and
gender groups between one void and two voids per night. The findings confirm previous research
that shows two voids per night represents a threshold at which individuals start to feel bothered by
the condition. It also suggests that having to void once per night may not be problematic for most
people, nor would it be considered a clinical condition.

16 Note that we also used the non-dichotomised bother scale as a dependent variable and found identical results, with the
level of bother increasing as a function of nocturia symptom-severity



3.3.3. Lifestyle and health behaviour variables

The BHW and AIA surveys also include a number of relevant variables with relation to individual
lifestyle and health behaviour. We include the following variables in the analysis:

Body Mass Index (BMI): calculated using self-reported height and weight. In
addition to the continuous BMI variable we generate four BMI categories: (1)
underweight (BMI < 18); (2) normal weight (BMI 18-25); (3) overweight (BMI
25-30) and (4) obese (BMI > 30).

Smoking: a binary variable taking the value one if the respondent is currently
smoking or zero otherwise.

Excessive alcohol consumption: measured as a binary variable taking the value
one if the individual exceeds the weekly alcohol consumption that is regarded as
within the healthy range of 14 units (8mg), and zero otherwise.

Physical inactivity: measured as a binary variable taking the value one if the
individual does not perform at least 150 mins of physical exercise per week."”

Excessive salt intake: measured as a binary variable taking the value one if the
individual adds more than a pinch of salt to every meal on a regular basis, and
zero otherwise.™

High blood pressure: respondents are asked whether last time they (or somebody
else) checked their blood pressure it was normal or high, where high is measured
as a binary variable taking the value one if the respondent has a blood pressure
above: 120/80 mmHg (UK, Malaysia, Singapore, Hong Kong, Sri Lanka; 140/90
mmHg (Australia); 135/85mmHg (Thailand); or zero otherwise.

QO0GGDE@

17 This is in line with the WHO recommmendations regarding physical activity of at least 150 mins per week
https/www.who.int/dietphysicalactivity/physical-activity-recommendations-18-64vears pdf

18 Note that the full response categories for this variable include (1) zero added salt; (2) a pinch of salt; (3) half a teaspoon:;
(4) a heaped teaspoon; (5) a level dessert spoon; and (6) a heaped dessert spoon of additional salt.


https://www.who.int/dietphysicalactivity/physical-activity-recommendations-18-64years.pdf
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High cholesterol: respondents are asked whether last time they (or somebody
else) checked their blood pressure it was normal or high, whereas high is
measured, depending on the country, as binary variable taking the value one if the
respondent has a cholesterol level above: 5 mmol/L (UK, Malaysia, Singapore); 4.0
mmol/L (Australia); 5.2 mmol/L (Hong Kong); 200 mg/dI (Thailand and Sri Lanka);
or zero otherwise.

High glucose: respondents are asked whether last time they (or somebody else)
checked their glucose level it was normal or high, where high is measured as a
binary variable taking the value one if the respondent has a random glucose level
above: 7.8 mmol/L (United Kingdom, Australia, Singapore); 9.0mmol/L (Malaysia,
Hong Kong); 200mg/dl (Thailand, Sri Lanka); or zero otherwise.

Psychological distress and anxiety: measured through the Kessler Psychological
Distress Scale. The six-item scale is a simple measure of psychological distress,
involving six questions (each with a five-level response scale) about emotional
states. The measure canbe used as a brief screen toidentify levels of psychological
distress, with a larger number suggesting a greater distress. In line with previous
research, we generate a dichotomous variable taking the value one if the overall
Kessler score is above 13, which is generally assumed the threshold of medium
to severe psychological distress.

Table 3.4 reports a descriptive summary for each of the lifestyle and health behaviour variables,
including a description and the sample means and corresponding standard deviations for individuals
reporting less than two voids per night, and those reporting two or more voids per night." For
almost all of the factors presented, the sample population reporting two or more voids per night
reports on average a higher level of the factor, except for excessive alcohol consumption, where the
difference between the two groups is not statistically significantly different from zero (e.g. p-value
from t-test at least smaller than 0.1).
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Note that for binary variables sample means are equal to the average share of individuals that report a specific factor.
For instance in Table 3.4, the mean value of 0.310 for individuals reporting less than two voids per night means that 31
per cent of individuals within this group report a BMI between 25 and 30



Table 3.4: Summary of lifestyle and health behaviour variables

| | | covks | seowiee ||
Varisble | Description _____| Wean |_SD_| Mean | _SD_| prvalue_

BMI: underweight BMI < 18.5; (1 yes - 0 no) 0.036 (0.186) 0.029 (0.167) 0.001*

BMI: overweight BMI > 25 to 30; (1 yes - 0 no) 0310 (0.462) 0327 (0.469) 0.001*

BMI: obese BMI > 30; (1 yes - 0 no) 0.157 (0.364) 0.247 (0.431) 0.000**

Current smoker Currently smoking cigarettes 0.099 (0.298) 0.108 (0.310) 0.017*
(1 yes-0no)

Excessive alcohol Consumption > 14 units 0.198 (0.398) 0.196 (0.397) 0.765

consumption (8mg) per week (1 yes - 0 no)

Physical inactivity Exercising less than 150 mins  0.325 (0.468) 0.384 (0.486) 0.000**
per week (1 yes - 0 no)

Excessive saltintake  Salt addition to every meal 0.093 (0.290) 0.113 (0.317) 0.000**

regularly more than a pinch of
salt (1 yes - 0 no)

High blood pressure BP last time measured > 0224 (0.417) 0.296 (0.456) 0.000**
120/80 mmHg (UK, Malaysia,
Singapore, Hong Kong, Sri
Lanka); 140/90 80 mmHg
(Australia); 135/8580 mmHg
(Thailand); (1 yes - 0 no)

High cholesterol Cholesterol last time 0.032 (0.177) 0.049 (0.216) 0.000**
measured
> 5 mmol/L (UK, Malaysia,
Singapore); 4.0 mmol/L
(Australia); 5.2 mmol/L (Hong
Kong); 200 mg/dl (Thailand
and Sri Lanka); (1 yes - 0 no)

High glucose Glucose last time measured >  0.013  (0.112) 0.034 (0.182) 0.000**
7.8 mmol/L (United Kingdom,
Australia, Singapore);
9.0mmol/L (Malaysia, Hong
Kong); 200mg/dI (Thailand,
Sri Lanka); (1 yes - 0 no)

Psychological distress  Kessler score above 13 on 0.065 (0.247) 0107 (0.309) 0.000**
total score of 24; (1 yes - 0 no)

Notes: based on Vitality BHW survey and AlA surveys 2017 and 2018. Mean of binary variable represents the share
of individuals within category and to convert shares into per cent entries need to be multiplied by 100. SD represents
corresponding standard deviation. P-values from t-test reported (** p<0.01, * p<0.05).



3.3.4. Sleep duration and quality

The BHW and AIA surveys also include a number of questions related to sleep health, including
self-reported sleep duration as well as quality. In addition to these two sleep measures, the
surveys also ask respondents about their first unit of uninterrupted sleep and their level of
daytime fatigue.

In order to take into account short-sleep, we generate a binary variable taking the value one if the
self-reported hours of sleep per night are less than six hours or zero otherwise.

In addition to sleep duration, the surveys also include questions related to sleep quality. For instance,
individuals are asked to rate sleep quality experienced during the last seven days on a five-point scale
(1: very poor — 5: very good). Included are also three further questions measured on a five-point scale
(1: not at all = 5: very much) on whether, during the last seven days: (1) the sleep was refreshing; (2)
the individual had a problem with sleep; or (3) had difficulties falling asleep. Each of these sleep-quality
items have been recoded so that higher values represent a lower sleep quality, and dichotomised to
take the value one if the item score was 4 or 5 and zero if the item score was less than 4. We also
create a summary measure to capture overall sleep disturbance by summing up all the four binary
sleep-quality items into a single disturbance composite-measure ranging from 0 to 4.

In addition to the four sleep-quality questions, survey participants are also asked about the self-
reported average length of the first period of uninterrupted sleep at night (FUSP). As Bliwise et
al. (2014) highlight, in the urology literature the prevalent proxy outcome used for sleep quality is
the self-reported FUSP. Since the majority of essential slow-wave sleep (SWS) occurs during the
first 3—4 hours of sleep, the larger the FUSP, the better the sleep, all else equal. Hence, in addition
to the sleep-quality measures described above, our data allows the examination of the association
between nocturia and this additional measure of sleep quality.

The BHW and AlA surveys further ask respondents whether they feel tired or fatigued during their
waking time, measured on a five-point scale (1: rarely or never — 5: almost every day). We use this
scale to determine the association between nocturia and daytime fatigue.

Table 3.5 reports a summary for each of the sleep-related variables, including a description and the
sample mean with corresponding standard deviation for individuals reporting less than two voids
per night and those reporting two or more voids per night. The sample means for both groups
suggest that individuals reporting two or more voids are more likely to report sleeping less than six
hours a night, and report on average a lower sleep quality than individuals reporting less than two
voids per night. Interestingly, individuals with more than two voids per night also report an FUSP of
more than one hour less than individuals reporting less than two voids per night. They also report
on average a higher daytime fatigue score.

Note that, unfortunately, the data does not include a direct question on whether the individual suffers
insomnia or other sleep disorders, such as sleep apnea. For the statistical analyses presented in
Chapter 5 — where we look at the association between nocturia and life satisfaction, work engagement
and work impairment — we include sleep quality and short-sleep variables in the regression models
as proxies for insomnia or other sleep disorders. While we cannot solve the question on the direction
of causality between sleep and nocturia, at least it allows us to examine the independent association
between nocturia and the given outcome, even after adjusting for sleep problems.



Table 3.5: Summary of sleep related variables

| cawids | sezveids
Varisble ____ Description _________ Mean _SD__ Mean _SD___pvalue _

Sleep duration: Self-reported sleep duration<6  0.203  (0.402) 0.270 (0.444) 0.000**
less than 6 hours  hours (night); (1 yes - 0 no)

Sleep quality: low  In past seven days, overall 0.144 (0.351) 0.257 (0.437) 0.000**
sleep quality rated as ‘Very
poor’ or ‘Poor’ on 5-item scale
(5 'Very good’); (1 yes - 0 no)

Sleep not In past seven days, sleeprated  0.157 (0.363) 0.292 (0.454) 0.000**
refreshing as ‘not at all’ or ‘a little bit’

refreshing on 5-item scale (5

‘very much’); (1 yes - 0 no)

Sleep problems In past seven days, problems 0116  (0.320) 0.215 (0.417) 0.000**
with sleep ‘Quite a bit" and Very
much’ on 5-item scale (1 ‘Not
at all’); (1 yes - 0 no)

Difficulties falling  In past seven days, difficulties 0282 (0.450) 0.424 (0.494) 0.000**
asleep falling asleep ‘Quite a bit" and

‘Very much’ on 5-item scale (1

‘Not at all’); (1 yes - 0 no)

Sleep Disturbance Composite measure by adding  0.698  (1.102) 1.188  (1.360) 0.000**
Score binary variables Sleep quality

(low); Sleep not refreshing;

Sleep problems; Difficulties

falling asleep together with

range (0 to 4) with higher

values meaning higher level of

sleep disturbance

FUSP Self-reported first period of 4411  (1.968) 3371 (1.564) 0.000**
uninterrupted sleep in hours

Daytime Fatigue During wake time feeling tired 2.887 (1.120) 3133 (1.163) 0.000**
Score or fatigued on 5-item scale (1

‘Rarely or never' to 5 ‘Almost

every day’

Notes: based on Vitality BHW survey and AIA surveys 2017 and 2018. Mean of binary variable represents the share
of individuals within category and to convert shares into per cent entries need to be multiplied by 100. SD represents
corresponding standard deviation. P-values from t-test reported (** p<0.01, * p<0.05).
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3.3.5. Diagnosed chronic health conditions

In both surveys, respondents are asked whether they have been diagnosed within the last 12
months with any of the following chronic health conditions:

Asthma or severe allergies; ‘ Heart condition or disease;

Kidney condition or disease; Cancer,

Diabetes; Hypertension;?

Severe mental illness (e.g.
schizophrenia, bipolar disorder,
major-depressive disorder or
post-traumatic stress disorder).

We include these seven variables as binary indicator variables in the analysis, taking the value one if
the respondent has been diagnosed with one of the conditions and zero otherwise. However, it has
to be highlighted that it is not possible to distinguish between the types of cancer, heart or kidney
diseases. It is only known whether one of these conditions has been diagnosed, but not their type
or severity.

Table 3.6 reports a summary for each of the chronic health-condition variables, including a
description and the sample means with corresponding standard deviations for individuals reporting
less than two voids per night and those reporting two or more voids per night. Overall, the sample
means suggest that on average an individual reporting two or more voids per night also reports a
statistically significantly higher probability of being diagnosed with any of the seven chronic health
conditions within the last 12 months.

20 Note that in contrast to the question on whether a respondent had a relative high blood-pressure as described in
section 3.3.3, hypertension in this question refers to diagnosed chronic hypertension



Table 3.6: Summary of chronic health condition variables

Varisble ______ Descripton ____ Mean __SD__ Mean __SD__ p-value |

Asthma Clinically diagnosed with 0.068 (0.252) 0.092 (0.289) 0.000**
Asthma within the last 12
months; (1 yes - 0 no)

Cardiovascular Clinically diagnosed with 0.010 (0.100) 0.025 (0.157) 0.000**
disease Cardiovascular disease within

the last 12 month; (1 yes -0

no)
Kidney disease Clinically diagnosed with 0.005 (0.073) 0.014 (0.118) 0.000**

Kidney disease within the last
12 months; (1 yes - 0 no)

Cancer Clinically diagnosed with 0.004 (0.061) 0.009 (0.092) 0.000**
Cancer within the last 12
months; (1 yes - 0 no)

Diabetes Clinically diagnosed with 0.016 (0.124) 0.047 (0.212) 0.000**
Diabetes within the last 12
months; (1 yes - 0 no)

Hypertension Clinically diagnosed with 0.047 (0.211) 0.104 (0.306) 0.000**
Hypertension within the last
12 months; (1 yes - 0 no)

Severe mental illness  Clinically diagnosed with 0.032 (0.177) 0.057 (0.233) 0.000**
severe mental illness (e.g.
schizophrenia, bipolar
disorder; major depressive
disorder) within the last 12
months; (1 yes - 0 no)

Notes: based on Vitality BHW survey and AlA surveys 2017 and 2018. Mean of binary variable represents the share
of individuals within category and to convert shares into per cent, entries need to be multiplied by 100. SD repre-
sents corresponding standard deviation. P-values from t-test reported (** p<0.01, * p<0.05).

3.3.6. Subjective wellbeing, workplace productivity and engagement

The surveys also include a question regarding the overall life satisfaction of respondents, measured
on an 11-point scale (0: not at all = 10: completely). Specifically, the question asks ‘how satisfied are
you with your life nowadays? and is a standard question applied in numerous surveys and studies
to measure subjective wellbeing (SWB).”!

Productivity is measured using the Work Productivity and Activity Impairment Questionnaire (General
Health) (WPAI-GH). The WPAI-GH was developed in 1993 to assess productivity loss by measuring

21 See for instance Blanchflower (2008) for further background on this topic.
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the effect on work productivity of general health and symptom severity (Tang et al,, 2011).2 The
instrument consists of six questions with a recall time frame of seven days. The questions ask
whether the respondent is employed; the number of hours missed from work; the number of hours
actually worked; and the degree to which the respondent feels that a health problem has affected
productivity while at work and their ability to do daily activities other than work. WPAI-GH outcomes
are expressed as impairment percentages, where higher percentages indicate greater impairment
and lower productivity. We use the following three work-related impairment percentages calculated
on the basis of the WPAI-GH scale:

Per cent work time missed due to ill-health (absenteeism);
Per cent impairment while working due to ill-health (presenteeism);
Per cent overall work impairment due to ill-health (absenteeism and presenteeism).

To measure work engagement, the surveys include questions that build the Utrecht Work
Engagement Scale (UWES), which includes three dimensions of work engagement: vigour,
dedication, and absorption. The nine questions related to the scale are measured on a 7-point Likert
scale (0: never, 1: almost never, 2: rarely, 3: sometimes, 4: often, 5: very often, 6: always):

- At my work, | feel bursting with energy;

+Atmy job, | feel strong and vigorous;

+  I'm enthusiastic about my job;

+ My job inspires me;

+ When | get up in the morning, | feel | like going to work;
+ | feel happy when I'm working intensively;

+ lam proud of the work that | do;

« lamimmersed in my work;

+ | get carried away when | am working.

In line with previous research (e.g. Schaufeli et al.,, 2009), we construct the UWES engagement
scale by adding the 7-point scale across all nine questions, with a larger value of the scale showing
a larger level of engagement (range 0—54).

Table 3.7 reports a summary for each of the three variables, including life satisfaction, work
engagement and work impairment, including a description and the sample mean for individuals
reporting less than two voids per night and those reporting two or more voids per night. On average,
the sample means suggest that individuals reporting two or more voids per night report lower life
satisfaction, as well as somewhat lower work engagement and higher work impairment.

22 It was originally established as a self-reported quantitative assessment of the amount of absenteeism, presenteeism
and daily-activity impairment attributable to general health (WPAI-GH) or a specific health problem (WPAI-SHP). It has
since been used in a wide range of applications, and several versions for specific health problems are now available, as
well as being available in different languages (Lofland et al,, 2004)



Table 3.7: Summary of life satisfaction, work engagement and impairment variables

Varisble ______ Description ____Mean |_SD__ Mean __SD__ pvalue_

Life satisfaction Self-reported life satisfaction 6.891 (1.878) 6.556 (2.101) 0.000**
nowadays measured on
11-point scale (0 * Not at all
satisfied' - 10 ‘Completely

satisfied’)
Work engagement  Utrecht Work Engagement Scale 32.879 (8.806) 32199 (9.435) 0.000**
score (UWES) with range (0 to 54)

with a higher score measuring
higher work engagement

Work impairment Per cent work impairment 0.169 (0.232) 0.229 (0.266) 0.000**
(working time lost) due
to absenteeism and/or
presenteeism (WPAI-GH scale)

Notes: based on Vitality BHW survey and AlA surveys 2017 and 2018. SD represents corresponding standard devia-
tion. P-values from t-test reported (** p<0.01, * p<0.05).

3.3.7. Limitations of the statistical analysis

The analysis of the 2017 and 2018 BHW and AIA survey data has several strengths. The relatively
large sample size and comprehensive collection of data on personal, health and job factors allows
an in-depth investigation of the factors associated with nocturia and corresponding outcomes.
However, there are some limitations to the empirical approach taken.

Firstly, healthier employees are likely to be more motivated in responding to the surveys, and
people who are on long-term sick leave are likely to be under-represented in the data, since it is
a workplace survey. There is also potential for selection bias of companies into the survey. For
instance, 'healthier' companies probably have a greater incentive to register and compete in both
surveys. In our analysis, however, we take care of this potential bias by including in each regression
analysis individual company fixed-effects. Furthermore, while our data is cross-sectional, each
regression analysis adjusts for a large set of individual employee characteristics.

Secondly, it is important to stress that the data are self-reported. This creates potential for
the under-reporting of the real prevalence of bad lifestyle habits — such as smoking or alcohol
consumption — or for overstating good ones, physical activity for instance. It is important to stress,
though, that this is a common issue in surveys of this nature. Again, if for instance an individual is
under-reporting his or her real smoking habits, then our estimates would represent a lower bound
of the true parameter value and we would underestimate the true effect rather than overestimating
it. Specifically, as we define the nocturia population based on the self-reported frequency of night-
time bathroom visits, the main variable in the empirical analysis may be subject to inaccuracies and
has not been clinically diagnosed by a health professional. Furthermore, the nocturia variable used
in the analysis does not allow differentiation related to different types of nocturia (e.g. nocturnal
polyuria or low bladder capacity).



Thirdly, when interpreting the results from the empirical analysis, caution has to be applied with
regard to causality. Our statistical regression models capture associations and not necessarily
causation. While each regression model adjusts for a large set of covariates, there is a possibility
that reverse causality is an issue. For instance, when we examine the association between nocturia
and sleep, it is not a priori clear in which direction this relationship holds.

Fourthly, across the years in both surveys some respondents have participated in both years, but
currently it is not possible to directly link them over time. Roughly about an estimated 5 per cent
of the sample may be included in both the 2017 and the 2018 samples. However, as nocturia is
a fluctuating disease (e.g. the number of reported voids per night can vary), and if the factors
associated with the condition vary as well (e.g. levels of reported subjective wellbeing), we do not
consider this to be a major problem as the individual repeating the survey is treated as a separate
individual in each wave of the survey.



Factors associated with nocturia in the
working-age population — demographics,
lifestyle, co-morbidities and sleep

This chapter examines demographic and lifestyle factors, as well as a range of other co-morbidities
potentially associated with the prevalence of nocturia in a working-age population. As discussed in
Chapter 2, the empirical literature investigating the correlates of nocturia and a range of different
factors so-far suggests that gender, age and ethnicity, as well as — among other factors — health
conditions (e.g. depression, kidney disease, cardiovascular disease, hypertension, diabetes) and
alcohol consumption are associated with nocturia. However, one shortcoming of the existing
empirical evidence is that the study population often consists of older individuals, or the data is
limited in scope. That is, some studies only look at demographics or lifestyle factors, while others
only look at certain co-morbidities separately. The empirical analysis presented here bridges this
gap in the literature by analysing a large population of working-age individuals. The data enables a
comprehensive investigation of the factors associated with nocturia that are relevant for different
demographic groups, while taking account of a range of other factors.

In what follows we report the corresponding empirical findings regarding the factors associated
with nocturia, including demographics, lifestyle, co-morbidities and sleep.

4.1. Co-morbidities, demographic and lifestyle factors

4.1.1. Associations observed in the full sample

Figure 4.1 reports the demographic and lifestyle factors and co-morbidities associated with nocturia
in a working-age population. The figure reports the coefficients from a multivariate regression
analysis using the LPM with the binary outcome variable taking the value one if the respondent
reports two or more voids per night (and zero otherwise) based on the pooled 2017 and 2018
BHW and AIA survey samples.?® In addition to the covariates reported in the figure, the coefficients
are also adjusted for education, income, marital status and job type. The coefficients represent
the average associated marginal probabilities for each covariate to predict that an individual is
reporting two or more voids per night.>* The marginal probabilities for the statistically significant
factors are reported in Table 4.1.

23 The corresponding regression output table can be found in Appendix A, Table A.1. In order to calculate the percentage
difference the coefficients are multiplied by 100

24 The marginal probabilities are closely associated with the odds ratios that would be reported from a logit or probit
regression, where an odds ratio larger than one represents a positive association and an odds ratio smaller than one a
negative association (Winkelmann and Boes, 2008).



Figure 4.1: Associations between nocturia and demographic, lifestyle factors and co-morbidities —
marginal probabilities

Female +
Age: 31-50
Age: 51-65 ——
BMI: underweight —o
BMI: overweight <
BMI: obese -
Excessive alcohol consumption o
Physical inactivity [
Excessive salt intake -
Current smoker - -or
Psychological distress - ——
Asthma -
Cardiovascular disease ——
Kidney disease - —_—————
Cancer —_—
Diabetes ——
Hypertension - ——
Severe mental illness - ——
High blood pressure -
High cholesterol ——
High glucose - ——
Sleep quality: low -0
Sleep duration: less than 6 hours - -0~
White ——
Asian - T
Black - ——
United Kingdom ®
Australia +

o0

T T
-2 -.15 -1 -.05

o
o
o
.

Coefficient

Notes: based on multivariate linear probability model with binary nocturia variable (two or more voids per night)

as dependent variable. Entries represent regression coefficients with corresponding 95% confidence interval. Each
coefficient represents the average associated marginal probability of the corresponding covariate to predict that the
individual reports two or more voids per night. In addition to covariates presented in the figure, the coefficients are
also adjusted for other covariates including education, main job, income, and marital status, which are not displayed.
Based on pooled BHW and AIA samples for the years 2017 and 2018. The full regression output table can be found
in Appendix A, Table A.1.

As suggested by the frequency of nocturia in the sample population reported in Table 2.2, the
coefficients reported in Figure 4.1 confirm that there is no statistically significant difference in
the prevalence of nocturia between the UK and Australian sub-samples compared to the Asian
sub-samples.

Similar to previous research, as depicted in Figure 4.1 and reported in Table 4.1, we observe that
women tend to be more likely to report two or more voids per night. All else equal, women tend to
have a 1.73 percentage point larger probability to report two or more voids per night than men. With
regard to age, we also observe that the probability to report two or more voids per night is larger for
individuals aged 57 or older compared to individuals age 18 to 30, by almost 8 percentage points,



whereas individuals aged 31 to 50 on average have a 2 percentage point larger probability to report
two or more voids per night. Compared to other ethnicities, black individuals have on average a
3.76 percentage point larger probability to report two or more voids.

Beyond gender, age and ethnicity, Table 4.1 reports the magnitude of the associations between
nocturia and other lifestyle factors and co-morbidities.

Table 4.1: Associations between nocturia and demographic, lifestyle factors and co-morbidities -
marginal probabilities

Facor ____ Margnalprobabilty () Pualie

Kidney disease 8.41 0.000%*
Age: 51+ 7.99 0.000%*
Diabetes 7.82 0.000**
Cardiovascular disease 6.68 0.000**
Sleep quality (low) 6.34 0.000**
Cancer 6.26 0.007**
High glucose 528 0.0007**
Hypertension 4.34 0.000%*
BMI: obese 3.77 0.000**
Black 3.76 0.003**
Severe mental illness 3.24 0.000**
Psychological distress 2.82 0.000%*
Asthma 2.1 0.000**
Age: 31-50 2.04 0.000**
Excessive salt intake 1.98 0.000**
Female 1.73 0.000**
BMI: overweight 1.38 0.000**
Sleep duration (less than 6 hours) 0.77 0.079*
High blood pressure 0.72 0.006**
Physical inactivity 0.42 0.05*

Notes: table reports the average marginal probabilities for each covariate to predict that an individual is reporting
two or more voids per night. Only covariates depicted in Figure 4.7 that are statistically significant are reported and
ordered according to magnitude with corresponding p-value (** p<0.01, * p<0.05).

All else being equal, we observe that an individual who has been clinically diagnosed with a kidney
disease within the last 12 months is also more likely to report two or more voids per night, by about
8.41 percentage points, compared to an individual without kidney disease diagnosis. Individuals



clinically diagnosed with chronic diabetes, and more generally those who had a high blood-glucose
level when it was last checked, have a higher probability to report two or more voids (7.82 and
5.28 percentage points, respectively). Being clinically diagnosed with cardiovascular disease or
cancer increases the probability of reporting two or more voids per night by 6.68 percentage points
and 6.26 percentage points, respectively. Individuals clinically diagnosed with chronic hypertension
report on average a 4.34-percentage-point-higher probability compared to individuals without the
diagnosis. More generally, individuals who had high blood pressure when it was last checked report
on average a 0.72-percentage-point-higher probability to report two or more voids per night.

Similar to previous empirical research, we also observe that obesity is associated with nocturia,
with individuals with a BMI above 30 having a 3.77 percentage point larger probability to report
two or more voids than individuals with a BMI between 18.5 and 25, all else equal. Mental health
is also associated with nocturia: individuals reporting diagnosis of a severe mental illness or —
more generally — a high level of psychological distress and anxiety have a higher probability to
report two or more voids (3.24 percentage points and 2.82 percentage points, respectively) than
individuals without mental health problems. Other factors associated with nocturia are low sleep
quality, asthma, excessive salt intake and physical inactivity.

Tables A.1to A.4 in Appendix A also report the empirical findings for the three region-specific sub-
samples, which feature some variation in the magnitude of the coefficients based on different
samples. Overall, they confirm that independent of the regional sample the probability to report two
or more voids per night is positively associated with being female, older age, obesity, excessive salt
intake, psychological distress and anxiety, cardiovascular disease, kidney disease, cancer, diabetes,
hypertension, severe mental illness, high glucose levels and low sleep quality.

4.1.2. Associations by age and gender

In addition to reporting associations between nocturia and a number of factors for the full sample,
we also report the associations separately by age and gender, dividing the overall sample into six
sub-samples by female/male and three age cohorts: (1) age 18—30; (2) age 31-50; and (3) age 51
and older. Figures 4.2a and 4.2b report the regression coefficients, which represent the average
associated marginal probabilities for each covariate to predict that an individual is reporting two or
more voids per night.?

By order of appearance in Figures 4.2a and 4.2b, we observe that statistically, obesity is significantly
associated with nocturia in the female sample population across all three age cohorts, whereas it
is only associated with nocturia in the male middle-age cohort. Excessive salt intake is associated
with nocturia across all three age cohorts in the female sample population, but only in the middle-
age cohort for the male sample population; a similar pattern is seen in psychological distress
and anxiety. Clinically diagnosed cardiovascular disease is associated with nocturia for the older
male cohort, but not for the female sample population; a similar pattern is seen in cancer. Kidney
disease is associated with nocturia for the two older female age-cohorts and the middle-age male
cohort. Clinically diagnosed chronic diabetes is associated with nocturia for both male and female,

25 The corresponding regression output tables related to Figures 4.2a and 4.2b can be found in Tables A.5to A 10 in
Appendix A. In order to calculate the percentage difference the coefficients are multiplied by 100



middle- and old-age cohorts, whereas generally high glucose levels are associated with nocturia
for the young female cohort and the male population aged 51 and older. Interestingly, clinically
diagnosed chronical hypertension tends to be associated with nocturia only for the middle-age
cohort for both genders. Finally, the coefficients reported in Figure 4.2a and 4.2b suggest that sleep
quality is associated with nocturia, independent of gender or age.

Figure 4.2a: Associations between demographic and lifestyle factors, co-morbidities and nocturia,
by age — marginal probabilities (female sample)
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Notes: based on a multivariate linear probability model with binary nocturia variable (two or more voids per night)
as dependent variable. Entries represent regression coefficients with corresponding 95% confidence interval. Each
coefficient represents the average associated marginal probability of the corresponding covariate to predict that the
individual reports two or more voids per night (estimated separately for each age-gender sub-sample). In addition to
covariates presented in the figure, the coefficients are also adjusted for other covariates including education, main
job, income, marital status, ethnicity and region (UK, Australia, Asia), which are not displayed. Based on pooled BHW
and AIA samples for the years 2017 and 2018. The full regression output tables can be found in Appendix A, Tables
A5toA7.



Figure 4.2b: Associations between demographic and lifestyle factors, co-morbidities and nocturia,
by age — marginal probabilities (male sample)
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Notes: based on a multivariate linear probability model with binary nocturia variable (two or more voids per night)
as dependent variable. Entries represent regression coefficients with corresponding 95% confidence interval. Each
coefficient represents the average associated marginal probability of the corresponding covariate to predict that the
individual reports two or more voids per night (estimated separately for each age-gender sub-sample). In addition to
covariates presented in the figure, the coefficients are also adjusted for other covariates including education, main
job, income, marital status, ethnicity and region (UK, Australia, Asia), which are not displayed. Based on pooled BHW
and AIA samples for the years 2017 and 2018. The full regression output tables can be found in Appendix A, Tables
A7toA10.

It is important to stress again that, as identified in the available literature, there are likely to be other
factors associated with nocturia that we were not able to adjust for with the variables included in
the data sample, including for instance: the prevalence of renal disorders, orthopaedic disorders,
gynaecological surgeries, specific medications intake and specific sleep disorders, such as sleep
apnoea (Yoshimura, 2012). It is also important to highlight that the factors presented in Figure
4.1, 4.2a and 4.2b represent associations and not causal relationships. For instance, as outlined in
Chapter 2, it has been reported in the available literature that insomnia and other sleep disturbances
are associated with nocturia, but it is difficult to identify which is the cause and which is the result.



Similar to Table 4.1, Panels A and B in Table 4.2 summarise the three most important factors
associated with nocturia within each age-gender sub-sample, ordered by the magnitude of the
marginal probability.

Table 4.2: Top three factors associated with nocturia, by age and gender

Panel A: Female

| Fector  Marginalprobabiliy (§) ____ Pvalue _

High glucose 9.09 0.033*
Age: 18-30 Sleep quality (low) 6.32 0.000**
BMI: obese 3.72 0.000%**
Kidney disease 13.12 0.000**
Age: 31-50 Sleep quality (low) 6.36 0.000**
Diabetes 5.68 0.023*
Kidney disease 17.73 0.011*
Age: 51+ Psychological distress 10.18 0.005**
BMI: obese 9.66 0.000**
| Reor  Marginalprobabiity () Pualue _
Sleep quality (low) 417 0.000**
Age: 18-30 Current smoker 2.92 0.000**
High blood pressure 1.35 0.042*
Kidney disease 11.79 0.002**
Age: 31-50 Diabetes 7.99 0.000**
Hypertension 6.79 0.000**
Cancer 13.9 0.003**
Age: 51+ Cardiovascular disease 12.41 0.000**
Sleep quality (low) 11.04 0.000**

Notes: reports the average marginal probabilities for each covariate to predict that an individual within each
age-gender sub-sample is reporting two or more voids per night. Only covariates depicted in Figures 4.2a and 4.2b
that are statistically significant are reported and ordered according to magnitude with corresponding p-value (**
p<0.01, * p<0.05).

For instance, Panel A of Table 4.2 reports that, all else equal, a female individual aged 18 to 30
with a high glucose level when it was last checked has a 9.09 percentage point higher probability
of reporting two or more voids than with a normal glucose level. A female in the same age cohort
has a 6.32 percentage point higher probability of reporting two or more voids, or a 3.72 percentage
point higher probability of reporting two or more voids per night compared to a female individual in
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the same age cohort with good sleep quality or a normal BMI. For female individuals aged 31 to 50,
the strongest factors associated with a higher probability of reporting two or more voids per night
are whether the individual has been clinically diagnosed with kidney disease (13.12 percentage
points); reports poor sleep quality (6.36 percentage points) or has been clinically diagnosed with
diabetes (5.68 percentage points). A female individual aged 51 or older with kidney disease has
17.73 percentage point higher probability of reporting two or more voids per night than a female
individual in this age cohort without this disease, all else equal. The two other factors strongly
associated with nocturia for the older female cohort are psychological distress (10.18 percentage
point increase in the probability of reporting two or more voids) and obesity (9.66 percentage point
increase in the probability of reporting two or more voids).

Panel B of Table 4.2 reports the factors associated with nocturia for the male sub-populations by age.
For male individuals aged 18 to 30, the main factors associated with a higher probability of reporting
two or more voids per night are poor sleep quality (4.17 percentage points), smoking (2.92 percentage
points) and high blood pressure (when it was last checked, but not clinically diagnosed as suffering
chronic hypertension). A male individual aged 31 to 50 who has been clinically diagnosed with kidney
disease has a 11.79 percentage point higher probability of reporting two or more voids per night than
a male individual in this age cohort without kidney disease, all else equal. For this male age cohort,
diabetes is also associated with nocturia, increasing the probability of reporting two or more voids by
about 8 percentage points and — in addition — if a male individual in this age cohort has been clinically
diagnosed with chronic hypertension it increase the probability by 6.79 percentage points. In older male
individuals, aged 51 and older, being diagnosed with cancer is associated with a 13.9 percentage point
higher probability of reporting two or more voids, all else equal, whereas suffering from cardiovascular
disease increases the probability by 12.41 percentage points. In addition to cancer and cardiovascular
disease, among older male individuals, poor sleep is also associated with nocturia.

In summary, the main factors associated with nocturia in our sample of working-age individuals vary
by age and gender, and nocturia may represent an indicator for underlying morbidities. For instance,
in the female sample population we observe that for those aged 18 to 50, high glucose levels (not
clinically diagnosed and chronic) and clinically diagnosed chronic diabetes are associated with
nocturia, as well as poor sleep quality. The middle-age and older female sample populations (aged
31 and older) have in common that, not surprisingly, kidney disease is a strong factor associated
with nocturia. The male sample population aged 18 to 50 has in common a high blood pressure
(not clinically diagnosed and chronic) and hypertension, which are associated with nocturia. For
the older male sample population we observe that group-specific prevalent chronic conditions -
such as cancer or cardiovascular disease — show strong associations with nocturia. Interestingly,
low self-reported sleep quality is among the top three factors associated with nocturia for four out
of the six age-gender sub-samples. Hence, in what follows we aim to examine in more detail the
association between nocturia and a number of measures related to sleep.

4.2. Nocturia symptom-severity and sleep disturbance

Sleep plays a vital role in human physical and mental functioning, and it is increasingly recognised
that inadequate sleep can have wider individual and societal repercussions (e.g. Hafner et al,
2016). As the previous paragraphs highlight, nocturia is associated with lower levels of sleep
quality, and generally, the literature suggests that nocturia can be one of the causes of poor sleep



quality. Figures 4.3, 4.4 and 4.5 report the associations between nocturia symptom-severity and
three different sleep-related measures: (1) a composite score for sleep disturbance (ranging from
0 to 4; higher score represents more disturbance);? (2) the self-reported hours to first night-time
awakening (FUSP);”” and (3) a score for daytime fatigue (ranging from 1 to 5; higher score represents
higher level of daytime fatigue).?

Figure 4.3: Nocturia symptom-severity and self-reported sleep disturbance (compared to
individuals reporting zero night-time voids) — by age and gender
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Notes: based on multivariate OLS regression models (separate by each age-gender sub-sample) with log-trans-
formed sleep disturbance score as dependent variable and nocturia symptom-severity indicator variables as covar-
iates (zero voids as reference group). Entries represent regression coefficients with corresponding 95% confidence
interval. In addition to covariates presented in the figure, the coefficients are also adjusted for other covariates
including education, main job, income, marital status, ethnicity and region (UK, Australia, Asia), as well as irregular
working hours; BMI: underweight, overweight, obese; excessive alcohol consumption; physical inactivity; excessive
salt intake; smoking; psychological distress; financial concerns; clinically diagnosed and chronic: asthma, cardio-
vascular disease, kidney disease, cancer, diabetes, hypertension, severe mental illness, non-clinically diagnosed or
chronic: high blood pressure, high glucose, high cholesterol. Based on pooled BHW and AIA samples for the years
2017 and 2018. The full regression output tables can be found in Appendix A, Table A.11.

26 In order to take the log-transformed sleep disturbance score we calculate log (sleep disturbance score + 1)

27 Note that FUSP would be expected to be negatively correlated with nocturia symptom-severity, as a larger FUSP
means less sleep interruption

28 See Chapter 3 for a more detailed overview about the three measures



In essence, the three figures report the regression coefficients from a multivariate OLS regression
analysis (separately for six age-gender sub-samples) using the sleep disturbance score, the FUSP
and the daytime fatigue score as dependent variables and the number of reported voids per night
as independent variables (one void, two voids, three or more voids, with zero voids as reference
group), adjusted for a large number of other covariates.?

Figure 4.4: Nocturia symptom-severity and self-reported FUSP (compared to individuals reporting
zero night-time voids) — by age and gender
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Notes: based on multivariate OLS regression models (separate by each age-gender sub-sample) with FUSP in hours
as dependent variable and nocturia symptom-severity indicator variables as covariates (zero voids as reference
group). Entries represent regression coefficients with corresponding 95% confidence interval. In addition to covari-
ates presented in the figure, the coefficients are also adjusted for other covariates including education, main job, in-
come, marital status, ethnicity and region (UK, Australia, Asia), as well as irregular working hours; BMI: underweight,
overweight, obese, excessive alcohol consumption; physical inactivity; excessive salt intake;, smoking, psycholog-
ical distress; financial concerns; clinically diagnosed and chronic: asthma, cardiovascular disease, kidney disease,
cancer, diabetes, hypertension, severe mental illness, non-clinically diagnosed or chronic: high blood pressure, high
glucose, high cholesterol. Based on pooled BHW and AIA samples for the years 2017 and 2018. The full regression
output tables can be found in Appendix A, Table A.72.

29 The corresponding regression output tables can be found in Tables A.17 to A 13 in Appendix A. The regression
coefficients are adjusted for binary covariates including gender; age; ethnicity; education; income; marital status;
occupation; irregular working hours; BMI: underweight, overweight, obese; excessive alcohol consumption; physical
inactivity; excessive salt intake; smoking; psychological distress; financial concerns; clinically diagnosed and chronic:
asthma, cardiovascular disease, kidney disease, cancer, diabetes, hypertension, severe mental illness; non-clinically
diagnosed or chronic: high blood pressure, high glucose, high cholesterol; region.



Figure 4.5: Nocturia symptom-severity and daytime fatigue (compared to individuals reporting zero
night-time voids) — by age and gender
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Notes: based on multivariate OLS regression models (separate by each age-gender sub-sample) with log-trans-
formed fatigue score as dependent variable and nocturia symptom-severity indicator variables as covariates (zero
voids as reference group). Entries represent regression coefficients with corresponding 95% confidence interval.

In addition to covariates presented in the figure, the coefficients are also adjusted for other covariates including
education, main job, income, marital status, ethnicity and region (UK, Australia, Asia), as well as irregular working
hours; BMI: underweight, overweight, obese; excessive alcohol consumption; physical inactivity; excessive salt
intake; smoking; psychological distress; financial concerns; clinically diagnosed and chronic: asthma, cardiovascular
disease, kidney disease, cancer, diabetes, hypertension, severe mental illness, non-clinically diagnosed or chronic:
high blood pressure, high glucose, high cholesterol. Based on pooled BHW and AIA samples for the years 2017 and
2018. The full regression output tables can be found in Appendix A, Table A.13.

While Figures 4.3 to 4.5 depict the regression coefficients in a more illustrative way, a summary of
the corresponding magnitudes of each of these associations by age and gender can be found in
Columns (1) to (3) of Table 4.3.

As reported in Figure 4.3, compared to individuals with zero voids per night, the sleep disturbance
score is positively (and statistically significantly) associated with nocturia symptom-severity,
independent of age and gender. On average, except for the female sample population age 51 and



older, the level of sleep disturbance associated with each level of symptom-severity of nocturia
tends to be larger for the younger cohorts.®

Figure 4.4 reports the association between the FUSP measured in hours and the number of night-
time voids reported. As expected, the FUSP measured in hours tends to (statistically significantly)
decrease with the number of voids per night, compared to individuals reporting zero voids. The
largest average decrease in FUSP is reported for the older female and male cohorts, with three or
more voids per night.

Figure 4.5 reports the association between the daytime fatigue score and nocturia symptom-
severity. It shows that, similarly to the sleep disturbance score, and the self-reported FUSP, the level
of daytime fatigue score generally (statistically significantly) increases with the number of reported
voids, independent of age and gender when compared to individuals reporting zero voids. However,
for the young and older female sample population and the male sample population aged 31 to 50,
fatigue increases from one to two voids, but then levels off.

By each age-gender sub-sample, Table 4.3 (Panels A to F) summarises the magnitude of the
associations between nocturia and the three examined sleep measures. Column (1) of Table 4.3
reports the average percentage difference in the sleep disturbance score between individuals
reporting zero voids and individuals reporting one void, two voids or three or more voids per night,
respectively. For instance, across the different cohorts by age and gender, all else equal, the sleep
disturbance score is on average between 4 and 9 per cent higher for individuals reporting one void
per night, compared to individuals reporting zero voids per night, which increases to between 13
and 26 per cent (two voids) and to between 24 and 45 per cent for individuals reporting three or
more voids per night, compared to those reporting zero voids.

Column (2) of Table 4.3 reports the average difference in the self-reported FUSP, measured in hours
and the percentage difference between individuals reporting zero voids and individuals reporting
one void, two voids or three or more voids per night, respectively. The percentage difference has
been calculated by dividing the mean difference through the average FUSP in each age-gender
sub-sample, which are reported in Table A. 14 of Appendix A. When looking at the average reported
FUSP all else equal, we find that for those reporting one void per night, the average FUSP in hours
is between 15 and 22 per cent (between 0.7 and 1.13 hours) shorter than for those reporting zero
voids. The average FUSP in hours is between 24 and 32 per cent (between 1.15 and 1.57 hours)
shorter for those reporting two voids per night and between 22 and 37 per cent (between 1.13 and
1.82 hours) shorter for those reporting three or more voids per night, compared to those reporting
zero voids.

30 Note that the regression coefficients depicted in Figure 4.3 can be transformed into an average percentage change
compared to the reference group (zero voids) by calculating: (e®=e=* —=1) = 100



Table 4.3: Summary of associations between nocturia symptom-severity and sleep disturbance,
FUSP and daytime fatigue, by age and gender

Sleep Disturbance

Panel A: Female; Age: 18-30

% Difference (0 Hours Difference (0 % to mean Hours (0 % Difference (0
voids) voids) voids) voids)
1 void 9% -0.92 -18% 3%
2 voids 26% =1.23 -24% 6%
3+ voids 36% -1.27 -25% 5%

Panel B: Female; Age: 31-50

1 void 8% -0.85 -18% 3%
2 voids 24% =118 -24% 8%
3+ voids 32% -1.48 -32% 8%

Panel C: Female; Age: 51+

1 void 6% -0.69 -15% 6%
2 voids 21% -1.22 -27% 13%
3+ voids 45% -1.58 -35% 12%
1 void 6% -1.13 -22% 5%
2 voids 18% -1.38 -26% 7%
3+ voids 37% “1.18 -22% 11%
1 void 5% -0.86 -18% 5%
2 voids 17% -1.19 -25% 9%
3+ voids 24% -1.28 -27% 9%
1 void 4% -0.84 -17% 6%
2 voids 13% =1.57 -32% 9%
3+ voids 26% -1.82 -37% 15%

Notes: based on statistically significant regression coefficients reported in Tables A.17 to A.13 in Appendix A. Log
scores from the sleep disturbance and fatigue score have been transformed in the per cent changes (compared
to the reference group of zero voids) as follows: (ece¢eent —7) « 100. The average difference for the FUSP has been
calculated using the mean FUSP by age and gender sub-sample as reported in Table A.14 of Appendix A.
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Column (3) of Table 4.3 reports the average percentage difference in the daytime fatigue score
between individuals reporting zero voids and individuals reporting one void, two voids or more
than three voids per night, respectively. Across the different cohorts by age and gender, all else
equal, individuals with one void per night report on average between 3 and 6 per cent higher levels
in daytime fatigue score than individuals reporting zero voids. This increases to between 6 and 13
per cent for those reporting two voids and to between 5 and 15 per cent for those reporting three
or more voids per night, compared to those individuals reporting zero voids.

In summary, nocturia is associated with increased levels of sleep disturbance, shorter time to
first sleep interruption (FUSP) and higher levels of daytime fatigue, and the sleep-quality impairing
association increases by the frequency of reported night-time voids.



Nocturia and the associations
with life satisfaction, work
engagement and impairment

This chapter examines the associations between nocturia and life satisfaction, work engagement
and impairment. Similar to the empirical analysis presented in the previous chapter, prior studies
have investigated these associations, but tend to be based on smaller or specific population
samples and include for a limited set of covariates. This specifically applies to previous studies that
have investigated the associations between nocturia and work impairment (e.g. the working time
lost due to nocturia), which have found associations with very large magnitudes but only adjusted
for a very small number of confounding variables that are potentially simultaneously associated
with nocturia and work impairment. That is, it is expected that these estimated associations might
be biased upwards. Furthermore, it remains to be seen whether there is an independent association
between nocturia and work impairment, after statistically adjusting for a broader range of relevant
covariates that might otherwise explain the association. As the large linked employer-employee
data used in this analysis enables adjusting for a large number of covariates, we hope to provide
more robust estimates for the association between nocturia and work impairment than previous
studies.

In what follows we report the corresponding empirical findings regarding the associations between
nocturia, life satisfaction, workplace engagement and work impairment.

5.1. Nocturia and the association with life satisfaction

Using OLS regressions, Table 5.1 reports the estimated associations between nocturia and life
satisfaction, comparing individuals reporting two or more voids per night with individuals reporting
less than two voids as a reference group. Panel A reports the coefficients for the full sample,
whereas Panels B to | report the coefficients for different age-gender sub-samples.



Table 5.1: Associations between nocturia and life satisfaction

A - S Y

Dependent variable: (Log) Life Satisfaction

Covariates: none Covariates: demographics, health Covariates: demographics, health
behaviour, chronic conditions behaviour, chronic conditions, sleep quality
and duration

Coefficient Cl (95%) Pvalue Coefficient Cl (95%) Pvalue Coefficient Cl (95%) P value
Panel A: Full
2 +voids -0.0635 -0.074--0.053 0.000** -0.0300 -0.037--0.023 0.000** -0.0188 -0.026--0.012 0.000**
Panel B: Female
2 +voids -0.0594 -0.070--0.049 0.000** -0.0293 -0.038--0.020 0.000** -0.0181 -0.027 --0.009 0.000**
Panel C: Male
2 + voids -0.0657 -0.081--0.050 0.000** -0.0311 -0.043--0.020 0.000** -0.0206 -0.032 --0.009 0.000**
Panel D: Female; Age 18-30
2 +voids -0.0683 -0.090 --0.046 0.000** -0.0359 -0.056--0.016 0.000** -0.0247 -0.045--0.005 0.016*
Panel E: Female; Age: 31-50
2 +voids -0.0612 -0.076 --0.046 0.000** -0.0231 -0.035--0.011 0.000** -0.0132 -0.025--0.001 0.031*
Panel F: Female; Age: 51+
2 +voids -0.0676 -0.094 --0.041 0.000** -0.0282 -0.057 --0.006 0.015* -0.0167 -0.039 - 0.006 0.144
Panel G: Male; Age: 18—-30
2 + voids -0.1061 -0.167--0.051 0.000** -0.0425 -0.076 --0.009 0.013* -0.0331 -0.066 - 0.000 0.050
Panel H: Male; Age: 31-50
2 +voids -0.0612 -0.076 --0.046 0.000** -0.0270 -0.044--0.010 0.007** -0.0164 -0.033--0.000 0.045*

Panel I: Male; Age: 51+
2 + voids -0.0676 -0.094 --0.041 0.000** -0.0239 -0.041--0.007 0.005%* -0.0700 -0.026 - 0.006 0.231

Notes: Entries represent OLS regression coefficients with corresponding 95% confidence interval (standard errors clustered at company level). In addition to the
binary nocturia variable (two or more voids; reference group less than two voids) as covariate presented in the table, the coefficients in column (2) and (3) are also
adjusted for age, education, main job, income, marital status, ethnicity and region (UK, Australia, Asia), as well as irregular working hours; BMI: underweight, over-
weight, obese; excessive alcohol consumption; physical inactivity; excessive salt intake; smoking,; psychological distress; financial concerns; clinically diagnosed
and chronic: asthma, cardiovascular disease, kidney disease, cancer, diabetes, hypertension, severe mental illness; non-clinically diagnosed or chronic: high blood
pressure, high glucose, high cholesterol, sleep quality, sleeping less than 6 hours. Analysis based on pooled BHW and AIA samples for the years 2017 and 2018.
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Column (1) reports the unadjusted coefficients, Column (2) reports the coefficients adjusted
for a number of demographic, lifestyle factors and co-morbidities® and Column (3) reports the
coefficients additionally adjusted for sleep quality and duration.

Overall, the reported parameter estimates suggest that nocturia is negatively associated with
self-reported life satisfaction. We find that the magnitude of the coefficient decreases with the
adjustment of covariates, and even more if we adjust for sleep quality and sleep duration, suggesting
that disrupted sleep may explain some of the relationship between nocturia and reported levels
of life satisfaction. Even after adjusting for sleep quality and duration, however, the association
between nocturia and life satisfaction holds for most sub-samples, except for the female and male
sample-populations aged 51 and older, and the male sample-population aged 18 to 30. To give a
sense of magnitude of the association, using the coefficient reported in Panel A and Column (3),
the findings suggest that, all else equal, an individual reporting two or more voids per night reports
on average a 1.9 per cent lower life satisfaction than an individual reporting less than two voids
per night.®? On average and after adjusting for the full set of covariates including sleep, we observe
relatively lower life satisfaction for male and female individuals in the younger cohorts, compared
to the middle-age or older cohorts. For instance, using the coefficients in Table 5.1, Panel D and
G (Column 3), we observe that on average, a female individual aged 18 to 30 who reports two or
more voids per night has, on average, about a 2.5 per cent lower life satisfaction compared to a
female individual in the same age cohort with less than two voids per night. A male individual aged
18 to 30 who reports two or more voids per night has, on average, a 3.3 per cent lower satisfaction
compared to a male individual in the same age cohort reporting less than two voids per night.

Furthermore, Table 5.2 provides a comparison between the magnitude of the association between
nocturia and life satisfaction and the magnitude of the same association for other factors included
in the regression analysis.* Specifically, the estimated percentage difference in life satisfaction
for each corresponding factor is presented, relative to its reference group. For each estimate the
lower and upper bound of a 95 per cent confidence interval is provided, and estimates that are
statistically significant — at least at the 5 per cent level — are highlighted in bold.

As highlighted above, all else equal, nocturia (measured as two or more voids per night) is
associated with a reduction in self-reported life satisfaction by about 1.9 per cent (compared to
individuals reporting less than two voids per night). This is in the same level of magnitude as other
lifestyle factors such as smoking, being underweight, high levels of cholesterol and smoking, and is
larger in magnitude than clinically diagnosed chronic hypertension, asthma and being overweight.
Nevertheless the largest percentage decrease in life satisfaction can be observed in people with
psychological distress and anxiety (30.7 per cent lower life satisfaction), financial concerns (15.5 per

31 Adjusted for covariates including age, education, main job, income, marital status, ethnicity and region (UK, Australia,
Asia), as well as irreqular working hours; BMI: underweight, overweight, obese; excessive alcohol consumption; physical
inactivity; excessive salt intake; smoking; psychological distress; financial concerns; clinically diagnosed and chronic:
asthma, cardiovascular disease, kidney disease, cancer, diabetes, hypertension, severe mental illness; non-clinically
diagnosed or chronic: high blood pressure, high glucose, high cholesterol

32 The regression coefficients reported in Table 5.1 can be transformed into a percent change by calculating:
(emerﬂ"u:ser:f *W) % “OO
33 Based on regression coefficient provided in Panel A of Table 5.1 (Column 3) and the corresponding full regression

output is provided in Appendix B, Table B.1
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cent lower life satisfaction), as well as severe mental iliness (10.8 per cent lower life satisfaction),
compared to individuals not suffering these factors.

Table 5.2: Comparison between nocturia and other lifestyle factors and co-morbidities with regard
to lower life satisfaction — full sample

Life satisfaction: per cent difference compared to reference

group
Psychological distress -30.7% -31.9% -29.5%
Financial concerns -15.5% -16.2% 14.7%
Severe mental illness -10.8% -12.2% -9.3%
Sleep quality (low) -10.3% -11.0% -9.7%
Sleep duration (less than 6 hours) -4.7% -5.3% -4.1%
Physical inactivity -3.2% -3.7% -2.8%
Cancer -2.8% -5.6% 0.2%
BMI: obese -2.5% -3.0% -2.0%
Current smoker -2.0% 2.7% -1.3%
BMI: underweight -2.0% -3.0% -0.9%
High cholesterol -1.9% -3.0% -0.9%
2 +voids -1.9% -2.5% -1.2%
Cardiovascular disease -1.7% -3.5% 0.7%
Hypertension -1.5% -2.4% -0.6%
High glucose -1.4% -3.2% 0.5%
Kidney disease -1.3% 41% 1.6%
Asthma -1.1% -1.9% -0.3%
Excessive salt intake -0.8% -1.5% -0.1%
High blood pressure -0.7% -1.2% -0.2%
BMI: overweight -0.6% -0.9% -0.2%
Excessive alcohol consumption -0.5% -1.0% 0.0%
Diabetes 1.0% -0.6% 2.5%

Notes: see Table B.1 in Appendix B for the full corresponding regression output table. The regression coefficients
have been transformed as (e« —1) < 100 in order to get the relative percentage decrease in life satisfaction for
individuals reporting two or more night-time voids compared to individuals reporting less than two night-time voids,
and the other factors presented in the table and their corresponding reference groups. Estimates that are statistical-
ly significant at least at the 5% level are highlighted in bold.

In addition to nocturia defined as a threshold (two or more night-time voids), Figure 5.1 also reports
separately the association between nocturia symptom-severity and life satisfaction for six age-
gender sub-samples. As the depicted regression coefficients suggest, life satisfaction generally
decreases with the number of voids reported (compared to individuals reporting zero voids per



night).3* For the female and male sample population we find no statistically significantly different
level in life satisfaction for those reporting one void per night compared to those reporting zero voids.
Within the female sample population, the largest decrease in life satisfaction in terms of magnitude
is observed for the young female cohort. For the male sample population aged 18 to 30 we only
find a statistically significant decrease in life satisfaction for individuals reporting two voids, but it is
statistically significant for three or more voids for the middle age and older male cohorts.

Figure 5.1: Nocturia symptom-severity and life satisfaction (compared to individuals reporting zero
night-time voids) — by age and gender
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1 2 3+ 1 2 3+
Number of night-time voids Number of night-time voids
—e—— Age: 18-30 —e—— Age: 31-50 —e— Age: 51+

Notes: based on multivariate OLS regression models (separately for six age-gender sub-samples) with log-trans-
formed life satisfaction (range 1 to 11, with higher values showing a higher satisfaction with life) score as dependent
variable and nocturia symptom-severity indicator variables as covariates (zero voids as reference group). Entries
represent regression coefficients with corresponding 95% confidence interval. The coefficients are adjusted for oth-
er covariates including education, main job, income, marital status, ethnicity and region (UK, Australia, Asia), as well
as irregular working hours, BMI: underweight, overweight, obese; excessive alcohol consumption; physical inactivity;
excessive salt intake; smoking, psychological distress; financial concerns; clinically diagnosed and chronic: asthma,
cardiovascular disease, kidney disease, cancer, diabetes, hypertension, severe mental illness; non-clinically diag-
nosed or chronic: high blood pressure, high glucose, high cholesterol, sleep quality and sleeping less than 6 hours.
Based on pooled BHW and AIA samples for the years 2017 and 2018. The full corresponding regression output
tables can be found in Appendix B, Table B.2.

34 Corresponding full regression output tables can be found in Table B.2 of Appendix B



5.2. Nocturia and work engagement

We measure workplace engagement using the Utrecht engagement scale (ranging from 0 to 54),%°
where a larger score represents a higher level of engagement. Using OLS regressions, Table 5.3
reports the estimated associations between nocturia and work engagement (dependent variable),
comparing individuals reporting two or more voids per night with individuals reporting less than two
voids as a reference group. Panel A reports the coefficients for the full sample, whereas Panels B to
| report the coefficients for different age-gender sub-samples. Column (1) reports the unadjusted
coefficients, whereas Column (2) reports the coefficients adjusted for a number of demographic,
lifestyle factors and co-morbidities® and Column (3) reports the coefficients additionally adjusted
for sleep quality and duration.

Overall,wefindthat statistically, nocturiais significantly negatively associated with work engagement
when estimated on the full sample (Panel A). The magnitude of the coefficient decreases with the
inclusion of covariates. Similar to the findings for the association with life satisfaction, adjusting for
sleep quality and sleep duration reduces the magnitude further, suggesting that sleep disturbance
at least partially explains the association between nocturia and engagement (Column 3). With
regard to the magnitude of the association, the findings suggest that reporting two or more voids
per night is associated, all else equal, with a 1.27 per cent reduction in work engagement (compared
to individuals reporting less than two voids per night).%”

For the female and male sample populations (Panel B and C) we still find statistically significant
negative associations between nocturia and work engagement, but the associations for the age-
gender sub-samples (Panel D to 1) are no longer statistically significantly different from zero after
controlling for sleep quality and duration, except for the female sample population aged 51 or older.
For the older female sample population, reporting two or more voids per night is associated with
a 2.3 per cent lower work engagement, compared to female individuals in the same age cohort
reporting less than two night-time voids.

Furthermore, Table 5.4 provides a comparison for the magnitude of the association between
nocturia and work engagement and the magnitude of the same association with other factors
included in the analysis.®®

35 See section 3.2.5 for more detail on the Utrecht scale

36 Adjusted for covariates including age, education, main job, income, marital status, ethnicity and region (UK, Australia,
Asia), as well as irreqular working hours; BMI: underweight, overweight, obese; excessive alcohol consumption; physical
inactivity; excessive salt intake; smoking; psychological distress; financial concerns; clinically diagnosed and chronic:
asthma, cardiovascular disease, kidney disease, cancer, diabetes, hypertension, severe mental illness; non-clinically
diagnosed or chronic: high blood pressure, high glucose, high cholesterol

37 The regression coefficients reported in Table 5.3 can be transformed into a percent change by calculating:
(emerﬂ‘u:@m‘ 7W) <100
38 Based on regression coefficient provided in Panel A of Table 5.3 (Column 3) and the corresponding full regression

output is provided in Appendix B, Table B.3.



Table 5.3: Associations between nocturia and work engagement

A - S O W

Dependent variable: (Log) Engagement Score

Covariates: none Covariates: demographics, health Covariates: demographics, health
behaviour, chronic conditions behaviour, chronic conditions, sleep quality
and duration

Coefficient Cl (95%) Pvalue Coefficient Cl (95%) Pvalue Coefficient Cl (95%) P value
Panel A: All

2 +voids -0.0414 -0.055--0.028 0.000** -0.0208 -0.029--0.013 0.000** -0.0128 -0.021--0.005 0.0071**
Panel B: Female

2 +voids -0.0332 -0.045 - -0.021 0.000** -0.0192 -0.030--0.009 0.000** -0.0116 -0.022 --0.001 0.029*
Panel C: Male

2 + voids -0.0497 -0.075--0.024 0.000** -0.0246 -0.038--0.012 0.000** -0.0165 -0.029 --0.004 0.012*
Panel D: Female; Age 18-30

2 +voids -0.0409 -0.066--0.015 0.002*%* -0.0210 -0.046 - 0.004 0.098 -0.0140 -0.038-0.010 0.257
Panel E: Female; Age: 31-50

2 +voids -0.0329 -0.047--0.019 0.000** -0.0092 -0.021-0.002 0.121 -0.0023 -0.014-0.009 0.699
Panel F: Female; Age: 51+

2 +voids -0.0568 -0.082 --0.031 0.000** -0.0315 -0.054 --0.009 0.006** -0.0230 -0.046 - -0.001 0.045*
Panel G: Male; Age: 18—-30

2 + voids -0.0798 -0.175-0.015 0.099 -0.0061 -0.040-0.028 0.723 0.0020 -0.032 - 0.036 0.907
Panel H: Male; Age: 31-50

2 +voids -0.0329 -0.047--0.019 0.000%* -0.0230 -0.040--0.006 0.008** -0.0152 -0.032-0.002 0.075

Panel I: Male; Age: 51+
2 + voids -0.0568 -0.082--0.031 0.000** -0.0297 -0.057--0.002 0.035* -0.0219 -0.049-0.005 0.116

Notes: Entries represent OLS regression coefficients with corresponding 95% confidence interval (standard errors clustered at company level). In addition to the
binary nocturia variable (two or more voids; reference group less than two voids) as covariate presented in the table, the coefficients in column (2) and (3) are also
adjusted for age, education, main job, income, marital status, ethnicity and region (UK, Australia, Asia), as well as irregular working hours; BMI: underweight, over-
weight, obese; excessive alcohol consumption; physical inactivity; excessive salt intake; smoking,; psychological distress; financial concerns; clinically diagnosed
and chronic: asthma, cardiovascular disease, kidney disease, cancer, diabetes, hypertension, severe mental illness; non-clinically diagnosed or chronic: high blood
pressure, high glucose, high cholesterol, sleep quality and sleeping less than 6 hours. Analysis based on pooled BHW and AIA samples for the years 2017 and 2018.
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Table 5.4: Comparison between nocturia and other factors relating to lower work engagement - full
sample

Work engagement: per cent difference compared to reference

group
| Estimate | 95%CLlow
Psychological distress -21.0% -22.5% -19.6%
Sleep quality (low) -8.0% -8.7% -7.3%
Financial concerns -7.4% -8.4% -6.4%
Severe mental illness -5.4% -7.0% -3.7%
Cardiovascular disease -2.5% -5.0% 0.0%
Physical inactivity 2.1% -2.6% -1.6%
Hypertension -1.9% -3.0% -0.7%
Cancer -1.8% -4.8% 1.3%
BMI: underweight -1.7% -2.9% -0.6%
Excessive alcohol consumption -1.7% -2.3% -1.1%
Sleep duration (less than 6 hours) -1.6% -2.3% -0.9%
Kidney disease -1.3% -4.6% 2.0%
2 +voids -1.3% -2.0% -0.5%
High cholesterol -1.2% -2.4% 0.0%
Diabetes -0.5% -2.4% 1.5%
Excessive salt intake -0.5% -1.2% 0.3%
High blood pressure -0.2% -0.7% 0.4%
Asthma 0.1% -1.0% 1.1%
BMI: overweight 0.3% -0.2% 0.7%
High glucose 0.6% -1.2% 2.5%
BMI: obese 0.7% 0.0% 1.3%
Current smoker 3.1% 2.2% 4.0%

Notes: see Table B.3 in Appendix B for the full corresponding regression output table. The regression coefficients
have been transformed as (e« —1) < 100 in order to get the relative per cent decrease in work engagement for
individuals reporting two or more night-time voids compared to individuals reporting less than two night-time voids
and the other factors presented in the table and their corresponding reference groups. Estimates that are statistical-
ly significant — at least at the 5% level — are highlighted in bold.

Specifically, the estimated percentage difference in work engagement for each corresponding factor
is presented, relative to its reference group. For each estimate the lower and upper bound of a 95
per cent confidence interval is provided, and estimates that are statistically significant — at least at
the 5 per cent level — are highlighted in bold. All else equal, individuals reporting two or more voids
per night have on average a 1.3 per cent lower work engagement compared to individuals reporting
less than two night-time voids. This is of similar magnitude to kidney disease, high cholesterol or
clinically diagnosed chronic diabetes (although the association between these two factors and work
engagement is not statistically significant). The magnitude of the association between nocturia and
work engagement is somewhat lower than for other factors, such as short sleep (1.6 per cent lower
work engagement), excessive alcohol consumption (1.7 per cent lower work engagement) or being



underweight (1.7 per cent lower work engagement). Not surprisingly, and similar to the findings
presented for life satisfaction above, the largest relative percentage decrease in work engagement
can be observed in individuals with high levels of psychological distress and anxiety (21 per cent
lower work engagement compared to individuals without psychological distress and anxiety), as well
as poor sleep (8 per cent lower work engagement) or having financial concerns (7.4 per cent lower
work engagement) compared to individuals not affected by these factors. In addition to nocturia
defined as threshold (two or more night-time voids), Figure 5.2 also reports the association between
nocturia symptom-severity and work engagement separately for six age-gender sub-samples.®

Figure 5.2: Nocturia symptom-severity and work engagement (compared to individuals reporting
zero night-time voids) — by age and gender
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Notes: based on multivariate OLS regression models (separately for six age-gender sub-samples) with log-trans-
formed work engagement score (range 1 to 55), with higher values showing a higher work engagement) as depend-
ent variable and nocturia symptom-severity indicator variables as covariates (zero voids as reference group). Entries
represent regression coefficients with corresponding 95% confidence interval. The coefficients are adjusted for oth-
er covariates including education, main job, income, marital status, ethnicity and region (UK, Australia, Asia), as well
as irregular working hours; BMI: underweight, overweight, obese; excessive alcohol consumption;, physical inactivity;
excessive salt intake; smoking, psychological distress, financial concerns; clinically diagnosed and chronic: asthma,
cardiovascular disease, kidney disease, cancer, diabetes, hypertension, severe mental illness; non-clinically diag-
nosed or chronic: high blood pressure, high glucose, high cholesterol, sleep quality and sleeping less than 6 hours.
Based on pooled BHW and AIA samples for the years 2017 and 2018. The full corresponding regression output
tables can be found in Appendix B, Table B.4.

39 The corresponding full regression output tables can be found in Table B.4 of Appendix B.



The regression coefficients depicted in Figure 5.2 suggest that compared to individuals reporting
zero voids per night, as the number of voids per night increases, work engagement tends to
decrease. However, for the female sample population, only the coefficient for two voids per night
for those aged 51 and older, as well as for those reporting three or more voids per night aged 31 to
50 are statistically significant. For the male sample population, nocturia is negatively associated
with symptom severity for the middle-aged and older cohorts only.

5.3. Nocturia and work impairment

Workimpairmentis measured as the overall percentage of working time lost due to absenteeism and
presenteeism using the WPAI-GH scale.“’ Using OLS regressions, Table 5.5 reports the estimated
associations between nocturia and the percentage of work impairment due to absenteeism
and presenteeism (dependent variable), comparing individuals reporting two or more voids per
night with individuals reporting less than two voids as a reference group.*’ Panel A reports the
coefficients for the full sample, whereas Panels B to | report the coefficients for different age-
gender sub-samples. Column (1) reports the unadjusted coefficients, whereas Column (2) reports
the coefficients adjusted for a number of demographic, lifestyle factors and co-morbidities* and
Column (3) reports the coefficients additionally adjusted for sleep quality and duration.

Overall, when estimating the association on the full sample (Panel A) we find that, all else equal,
individuals reporting two or more voids per night have, on average, a higher work impairment due
to absenteeism and presenteeism than individuals reporting less than two voids. For instance,
on average an individual reporting two or more voids per night has a 5.5-percentage-point-higher
work impairment due to absenteeism and presenteeism compared to an individual reporting
less than two night-time voids (Column 1). However, adjusting for covariates, the magnitude of
the coefficient reduces to 3.8 percentage points (Column 2), and after adjusting for sleep quality
and sleep duration the coefficient shows a 3-percentage-point increase in work impairment for
individuals reporting two or more voids compared to individuals reporting less than two voids per
night. This is interesting, as it suggests that even after controlling for other potential factors of poor
or inadequate sleep, nocturia is still statistically significantly associated with work impairment.

40 See section 3.2.5 for more detail about the WPAI scale

41 In other words, the coefficients can be interpreted as percentage changes in work impairment compared to the
reference group

42 Adjusted for covariates including age, education, main job, income, marital status, ethnicity and region (UK, Australia,
Asia), as well as irregular working hours; BMI: underweight, overweight, obese; excessive alcohol consumption; physical
inactivity; excessive salt intake; smoking; psychological distress; financial concerns; clinically diagnosed and chronic:
asthma, cardiovascular disease, kidney disease, cancer, diabetes, hypertension, severe mental illness; non-clinically
diagnosed or chronic: high blood pressure, high glucose, high cholesterol



Table 5.5: Associations between nocturia and work impairment

A S W

Dependent variable: Per cent Work Impairment due to Absenteeism and Presenteeism

Covariates: none Covariates: demographics, health Covariates: demographics, health
behaviour, chronic conditions behaviour, chronic conditions, sleep quality
and duration

Coefficient CI (95%) Pvalue Coefficient Cl (95%) Pvalue Coefficient Cl (95%) P value
Panel A: Full

2 +voids 0.0551 0.048-0.062 0.000** 0.0375 0.032-0.043 0.000** 0.0303 0.025-0.036 0.000**
Panel B: Female

2 +voids 0.0564 0.048-0.064 0.000** 0.0415 0.034-0.049 0.000** 0.0340 0.027-0.041 0.000**
Panel C: Male

2 +voids 0.0512 0.040-0.062 0.000** 0.0328 0.024 - 0.041 0.000** 0.0259 0.018-0.034 0.000**
Panel D: Female; Age 18—-30

2 +voids 0.0733 0.057-0.090 0.000** 0.0507 0.035-0.067 0.000%* 0.0426 0.027-0.058 0.000**
Panel E:Female; Age: 31-50

2 +voids 0.0619 0.051-0.073 0.000** 0.0388 0.030-0.048 0.000** 0.0321 0.023-0.041 0.000**
Panel F: Female; Age: 51+

2 +voids 0.0514 0.036-0.067 0.000** 0.0313 0.016-0.046 0.000** 0.0255 0.010-0.041 0.007**
Panel G: Male; Age: 18—-30

2 +voids 0.0741 0.043-0.105 0.000** 0.0396 0.019-0.060 0.000%* 0.0326 0.012-0.053 0.002**
Panel H: Male; Age: 31-50

2 +voids 0.0619 0.051-0.073 0.000** 0.0357 0.024-0.048 0.000%* 0.0294 0.018-0.041 0.000**

Panel I: Male; Age: 51+
2 + voids 0.0514 0.036-0.067 0.000** 0.0245 0.013-0.036 0.000** 0.0158 0.005-0.026 0.003**

Notes: Entries represent OLS regression coefficients with corresponding 95% confidence interval (standard errors clustered at company level). In addition to the
binary nocturia variable (two or more voids; reference group less than two voids) as covariate presented in the table, the coefficients in column (2) and (3) are also
adjusted for age, education, main job, income, marital status, ethnicity and region (UK, Australia, Asia), as well as irregular working hours; BMI: underweight, over-
weight, obese; excessive alcohol consumption; physical inactivity; excessive salt intake; smoking,; psychological distress; financial concerns; clinically diagnosed
and chronic: asthma, cardiovascular disease, kidney disease, cancer, diabetes, hypertension, severe mental illness; non-clinically diagnosed or chronic: high blood
pressure, high glucose, high cholesterol, sleep quality and less than 6 hours of sleep. Analysis based on pooled BHW and AIA samples for the years 2017 and 2018.
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Panels B and C report the associations between nocturia and work impairment for the female
and male sample populations, suggesting that on average, female individuals reporting two or
more voids per night have a 3.4-percentage-point-higher work impairment due to absenteeism and
presenteeism than female individuals reporting less than two voids, after adjusting for all covariates
including sleep quality and duration (Column 3). For the male sample population we observe a
2.6-percentage-point increase in work impairment for those reporting two or more voids. Panels D
to | of Table 5.5 report the associations between nocturia and work impairment for six age-gender
sub-samples. After adjusting for covariates including sleep quality and duration, the magnitude of
the association between nocturia and work impairment tends to be relatively larger for the younger
cohorts (Panel D and G) than for the cohorts aged 51 or older (Panel F and 1). For instance, using
the coefficients from Column (3) the female sample population aged 18-30 reporting two or more
voids per night have, on average, a 4.3-percentage-point-higher work impairment compared to
those reporting less than two voids, whereas the older nocturia female sample population reports
on average a 2.6-percentage-point-higher work impairment. Overall it is important to note that our
estimates for work impairment, or the percentage of working time lost due to absenteeism and
presenteeism associated with nocturia, is markedly lower than previous estimates. For instance,
other studies have found working-time losses of more than 10 per cent (e.g. Weidlich et al. 2017).
Here it is important to highlight that our analysis adjusts for a wide range of personal and lifestyle
factors and health behaviours that can affect workplace productivity beyond nocturia. To that end,
we can better identify the independent association of nocturia alongside other factors. Specifically,
given that we statistically adjusted for the potential overlap between nocturia and sleep disturbance
through sleep disorders such as insomnia, it is not surprising that our results produced a lower
estimated effect of nocturia on work-related impairment, as this effect is observed after removing
the effect of sleep quality and duration.

Furthermore, Table 5.6 provides a comparison for the magnitude of the association between
nocturia and work impairment and the magnitude of the same association with other factors
included in the analysis.*® Specifically, the estimated difference in overall working days lost due
to absenteeism and presenteeism* for each factor is presented, relative to its reference group.
For each estimate the lower and upper bound of a 95 per cent confidence interval is provided, and
estimates that are statistically significant — at least at the 5% level — are highlighted in bold.

All else equal, individuals reporting two or more voids per night lose on average about 7.6 working
days per year more due to absenteeism and presenteeism compared to individuals reporting less
than two night-time voids. This is of similar magnitude to individuals reporting a non-clinically
diagnosed or necessarily chronic high glucose-level (7.7 days lost compared to individuals with
normal glucose levels) or individuals clinically diagnosed with chronic asthma (7.5 days lost
compared to individuals without asthma). Interestingly the association between nocturia and
working time lost due to absenteeism and presenteeism is larger than for the same association
and clinically diagnosed kidney disease (6.4 working days lost), physical inactivity (6.4 days lost)

43 Based on regression coefficient provided in Panel A of Table 5.3 (Column 3). The corresponding full regression output is
provided in Appendix B, Table B.5

44 Calculated as percentage work impairment times 250 working days



and clinically diagnosed chronic hypertension (6.2 days lost). Similar to the associations with
life satisfaction and work engagement, psychological stress and anxiety is associated with the
relatively largest loss in working time due to absenteeism and presenteeism, with an individual
reporting psychological distress losing about 43.3 days per year compared to an individual without
psychological distress.

Table 5.6: Comparison between nocturia and other factors with regard to annual working days lost
— full sample

Working days lost due to absenteeism and presenteeism:

difference relative to reference group

Factor | Estimate |___95%Cl:low 95% CI: high

Psychological distress 43.3 41.5 451
Severe mental illness 30.9 28.3 33,9
Cancer 21.9 15.5 28.3
Sleep quality (low) 18.7 17.5 19.8
Financial concerns 141 12.7 18.8
Cardiovascular disease 12.8 9.4 16.3
High glucose 7.7 4.3 11.2
2 +voids 7.6 6.2 9.0
Asthma 7.5 59 9.1
Kidney disease 6.4 1.6 11.2
Physical inactivity 6.4 5.8 7.2
Hypertension 6.2 4.6 7.8
Sleep duration (less than 6 hours) 4.8 3.6 5.9
High cholesterol 3.9 1.9 5.9
BMI: obese 3.1 2.0 42
Excessive salt intake 3.0 1.5 4.5
High blood pressure 2.9 1.8 3.9
BMI: underweight 2.8 0.6 49
Diabetes 1.6 1.3 4.5
BMI: overweight 0.8 0.0 1.6
Current smoker 0.3 -1.0 1.5
Excessive alcohol consumption 0.0 -0.8 0.8

Notes: see Table B.5 in Appendix B for the full corresponding regression output table. The regression coefficients
have been multiplied by 250 annual working days in order to get the relative decrease in work impairment due to
absenteeism and presenteeism for individuals reporting two or more night-time voids compared to individuals
reporting less than two night-time voids and the other factors presented in the table relative to their reference group.
Estimates that are statistically significant — at least at the 5% level — are highlighted in bold.
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In addition to nocturia defined as a threshold (two or more voids per night), Figure 5.3 also reports
the association between nocturia symptom-severity and work impairment for six age-gender
sub-samples.*

Except for the male sample population aged 18 to 30, the regression coefficients depicted in Figure
5.3 show that work impairment due to absenteeism and presenteeism increases with the number
of voids reported (compared to individuals reporting zero voids.

Figure 5.3: Nocturia symptom-severity and work impairment (compared to individuals reporting
zero night-time voids) — by age and gender

(a) Female (b) Male
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Notes: based on multivariate OLS regression models (separately for six age-gender sub-samples) with percentage
work impairment due to absenteeism and presenteeism as dependent variable and nocturia symptom-severity in-
dicator variables as covariates (zero voids as reference group). Entries represent regression coefficients with corre-
sponding 95% confidence interval. The coefficients are adjusted for other covariates including education, main job,
income, marital status, ethnicity and region (UK, Australia, Asia), as well as irregular working hours; BMI: underweight,
overweight, obese; excessive alcohol consumption; physical inactivity; excessive salt intake; smoking; psychological
distress; financial concerns; clinically diagnosed and chronic: asthma, cardiovascular disease, kidney disease, cancer,
diabetes, hypertension, severe mental illness; non-clinically diagnosed or chronic: high blood pressure, high glucose,
high cholesterol, sleep quality and sleeping less than 6 hours. Based on pooled BHW and AIA samples for the years
2017 and 2018. The full corresponding regression output tables can be found in Appendix B, Table B.6.

45 The corresponding full regression output tables can be found in Table B.6 of Appendix B



Quantifying the macroeconomic
implications associated with nocturia

This chapter aims to estimate the economic effects associated with nocturia relating to workplace
productivity (work impairment due to absenteeism and presenteeism) as well as excess mortality
for six countries, including the United Kingdom, Germany, Spain, the United States, Japan and
Australia. To estimate the economic cost we use a macroeconomic model similar to the WHO's
EPIC (Economic Cost of Ill-Health) model, but which is much more detailed and comprehensive in
nature. The model is calibrated on the underlying economic data for each of the countries analysed,
and the effects of nocturia are based on parameter estimates derived in the previous chapter on
the association between nocturia and work impairment productivity and on parameters from the
literature review on the prevalence and excessive mortality risk associated with nocturia. This
analytical framework allows us to quantify the economic cost of nocturia, measured in terms of
lost economic output.

The following sections explain in more detail the analytical approach and the corresponding
research findings.

6.1. The macroeconomic model

6.1.1. A CGE model to assess impacts of health on the economy

In order to assess the economic implications of nocturia we use a multi-country computable general
equilibrium (CGE). This simultaneously solves multiple equations that relate to production from
firms and households’ demand, within a country, and between countries through trade linkages.
This type of modelling approach has gained ground in health economics in application to HIV/AIDS,
Malaria, anti-microbial resistance (AMR), pandemic influenza and non-communicable disease (see
e.g. Borger et al,, 2008; Dixon et al., 2004; Kambou et al., 1992; Rutten and Reed, 2009; Smith et al.,
2005; Taylor et al., 2014).

Within a CGE modelling framework the current economic projection for each country is computed
using the current underlying economic factors (e.g. so-called ‘status quo’ or ‘baseline scenario)
and subsequently compared against a ‘what-if’ scenario in which various parameters are changed.
For instance for the purpose of this analysis we compare how various outcomes (e.g. economic
output of a country) would change (e.g. compared to status quo) if nocturia were to be diminished.
Specifically in the field of health economics, the application of CGE models has recently become
more common due to its advantages against more traditional approaches, such as cost of iliness
(COI) methods (e.g. Bloom et al. 2018). COl is an easy-to-understand method that summarises the



direct and indirect cost associated with ill-health, taking into account, for instance, the sum of all
direct personal medical cost, as well as the indirect cost (e.g. income loss due to absenteeism or
premature death). While the approach is relatively straightforward, it does not take into account the
potential spillover effects on other agents or markets in an economy. For instance, in reality many
adjustment mechanisms play out, such as the substitution between labour and capital should the
labour supply be negatively affected due to ill-health or caregiver responsibilities. In contrast, a
general equilibrium model such as CGE takes into account these ripple effects on other parts of the
economy by reporting how overall economic output is affected.

The model is a multi-regional model whereby each region has bilateral trade with all other regions,
simultaneously. World prices are, therefore, determined globally by the model, and each country/
region has an effect on all the other regions. Larger regions will have larger effects compared
to smaller regions. This is different from small-open economy (SOE) health models in which
countries cannot affect world prices, but rather take them as given (e.g. Smith et al., 2005). In each
country/region, firms produce three types of outputs (across three industries: Agriculture, Industry
and Services), and a government collects tax and provides a public service. Finally, households,
the government and foreign countries save/invest within each country following a Ramsey-type
modelling approach.#

6.1.2. How nocturia affects the economy in the model

Figure 6.1 depicts the linkages in the CGE model and highlights the main channels through which
nocturia affects the economy. In the model, just as in reality, production sectors (e.g. different
agricultural, industrial and services sectors) require capital and labour inputs, which they access
through the factor markets. Firms hire labour and rent capital from households, which allows
households to obtain income. Goods are then sold in product markets, which households pay for,
given their available income.

The framework depicted does not include the government, which in our model collects taxes and
demands final goods. Finally, households and the governments save/borrow in the capital markets.
The economy also trades with the rest of the world through a complex set of international linkages.
Specifically, nocturia can directly reduce the supply of effective-labour, which is viewed as a key
resource in the economy. Hence, one element of the model is the focus on the effective-labour
supply, which is the physical amount of labour (e.g. number of employed people) augmented by
their productivity level (e.g. depending on their health or skill).

Ina country r, output in sector i consists of goods and services Yj,, that are produced by capital
Ky, otherinputs Nijr, (e.g., intermediate inputs from sector j), and effective labour L;, (i.e., a labour
input adjusted for efficiency units). Thus, production is modelled as a function of Y=F(K,N,L), where
subscripts i and r are omitted for simplicity.

46 A more detailed description regarding the CGE model can be found in Appendix D



Figure 6.1: The interactions between nocturia and agents in the economy
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Similar to the method used by Taylor et al. (2014) and Hafner et al. (2016) in a different context for
the study of AMR and sleep, for each time period t, the model assumes that effective labour supply
is adjusted for efficiency units by L, = E,It - E,, with the physical supply of labour input Znt, and
efficiency of labour E .

Similar to our previous work on the economic effects of inadequate sleep (Hafner et al., 2016), in
the model, the reduction in effective-labour supply is manifested through two potential channels:

« Reduced labour productivity — prolonged periods of sickness temporarily reduce the country’s
workforce and may in severe cases lead to permanent reductions in labour efficiency
(productivity). As we examined in the previous chapter, nocturia is associated with higher levels
of work impairment due to absenteeism and presenteeism, with potentially large economic
losses associated.



+ Increased mortality — potential deaths attributable to nocturia permanently reduce the
population size, and the effect of increased mortality on economic output is a decrease in the
working-age population.

In essence, in the analysis we compare how the economy of a country today (baseline) would
change if the negative factors associated with nocturia, such as lower productivity and mortality,
were to be removed (counterfactual scenario).

To calculate the nocturia-related efficiency units of labour, we draw mainly on work-impairment
data estimated in Chapter 5, where we found that nocturia increases the number of working days
lost due to absenteeism and presenteeism. Thus, in our model, labour efficiency is based on
subtracting a number of days (normalised to a year) from the baseline yearly efficiency level for the
full working-age population. Simply put, the yearly efficiency of a worker is:

E =1 - Number of lost days normalised to a year (1)

whereas a decrease in the prevalence of nocturia reduces the number of lost working days due to
illness.

6.1.3. Model input data

The base underlying economic data used for the purpose of this analysis is from the Global Trade
Analysis Project (GTAP) database. This database has been developed by the Center for Global
Trade Analysis at Purdue University since 1993. Overall, GTAP covers 140 countries for 57 GTAP
commodities, and includes all bilateral trade patterns, production, consumption and intermediate
inputs of commodities and services. We use the latest version, GTAP 9, which has a reference year
of 2011. From the GTAP database, we extract a Social Accounting Matrix (SAM) for the specific
countries and regions included in the analysis. The SAM is a complex table expressed in terms of
incomes and expenditures, i.e. a double-entry accounting method. GTAP includes SAMs for individual
countries, which are based on national accounts data (e.g. use-supply tables, input-output tables)
and information from household survey data and trade data. Because of the sheer amount of work
involved, GTAP collects and coordinates country SAMs from researchers across the world, and
cleans and standardizes the data. For the purpose of this analysis we extracted the SAMs for the
United Kingdom, Germany, Spain, United States, Japan, Australia and the rest of the world (RoW). In
order to make the model tractable we aggregate the different sectors into three industries, including
Agriculture, Manufacturing and Services. The data for the underlying population data comes from
the UN Population Database (2019).We divide a country’s population into the working-age population
and the non-working age population, whereas the working-age population is defined as the part of
the population between age 15 and 65. Furthermore, we use data from the International Labour
Organisation (ILO) on the distribution of educational attainments across countries to divide the
working age population further into skilled and unskilled labour. The UN Population Database also
provides the current mortality rates by age and gender, which we apply to calculate the counterfactual
working-age population in the absence of nocturia-related mortality.

In addition to the underlying economic data, we use nocturia-specific model inputs that determine
the effects on the labour supply. Specifically, we use information on:

The prevalence of nocturia in the population by age and gender;

The level of work impairment by age and gender;

The mortality risk of nocturia, measured by the relative mortality risk.



With regards to the prevalence of nocturia, the available literature provides an overview of the
prevalence across different age and gender groups (see Chapter 2 for a more detailed discussion).
For the purpose of this analysis we use the comprehensive prevalence data provided by Weidlich
et al. (2017), which is specific by age and gender. Table 6.1 summarises the assumed prevalence
data, which reveals that up to age 50 nocturia tends to be slightly more prevalent among the female
population. As previously described, the prevalence increases strongly with age. Note that due to
the lack of country-specific data, we assume the same prevalence rates across the six countries
analysed. This may seem a strong assumption, however, the evidence provided by Weidlich et
al. (2017) and other studies examining the population prevalence of the condition suggests that
country-variation overall is limited. Also, the nocturia prevalence in our working-age population
sample is very similar across the regions, including the UK, Australia and Asia (see Table 2.2).

Table 6.1: Population prevalence of nocturia (two or more voids per night) by age and gender

18-30 9.0% 4.0%
31-45 10.5% 6.0%
46-50 13.0% 10.0%
51-60 18.0% 16.0%
61-70 28.0% 29.0%
71-80 40.0% 40.0%
81+ 49.0% 52.0%

Source: Weidlich et al. (2017)

Using the prevalence rates of nocturia by age group reported in Table 6.1 and the age-gender
specific population figures by country provided by the UN Population Database, Table 6.2 reports
the corresponding estimated number of individuals with nocturia (defined as two or more voids per
night) by country.

Table 6.2: Number of individuals with nocturia (two or more voids per night) by country

- Total population Working-age population
Country | Milions | Share | Milions | Share |

Japan 21.8 17.0% 12.5 13.8%
UK 9.1 14.2% 5.7 12.8%
Spain 6.9 14.7% 4.2 12.5%
Germany 12.9 16.0% 7.6 13.1%
USA 40.0 12.9% 27.5 12.5%
Australia 2.9 13.0% 2.0 12.3%

Notes: calculated using prevalence rates reported in Table 6.1 and age-gender specific population data provided by
the UN Population Database for each of the six countries. ‘Working-age population’ covers individuals aged 20 to 69.
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Itis estimated that up to 22 million individuals in Japan have nocturia, compared to 9 million in the
United Kingdom, 7 million in Spain, 13 million in Germany, 40 million in the US and about 3 million in
Australia, which corresponds to between 13 to 17 per cent of the total population. For the working
population (assumed here aged 20 to 69), about 12.5 million of Japan's working-age population
might be suffering from nocturia, about 5.7 million of the UK working-age population, 4.2 million in
Spain, 7.6 million in Germany, 27.5 million in the US and 2 million in Australia.

With regards to work impairment or working days lost due to absenteeism and presenteeism by
age and gender, we utilize the estimates derived in Chapter 5, where we use the fully adjusted
regression coefficients reported in Panels D to | in Table 5.5, Column (3), which are summarised for
convenience in Table 6.3.

Table 6.3: Nocturia and percentage of working time lost due to absenteeism and presenteeism, by
age and gender

18-30 0.0325 (0.012-0.053) 0.0427 (0.027 - 0.059)
31-50 0.0285 (0.017 - 0.040) 0.0315 (0.022 - 0.041)
51-65 0.0142 (0.004 - 0.025) 0.0245 (0.009 - 0.040)

Source: Author’s calculations. Reported parameter estimates related to Table 5.5. Column (3) Panels D to I.

With regards to the elevated mortality risk associated with nocturia, we utilize estimates for the
relative mortality risk from the existing literature. A meta-analysis on the relationship between
nocturia and all-cause mortality is provided by Fan et al. (2015) for the adult population. The meta-
analysis draws information from seven studies, including from studies that define nocturia as three
or more voids per night and those that use two or more voids as the relevant nocturia threshold.
Another drawback in using the combined relative mortality risks is that not all studies have been
able to adjust for a large number of confounding covariates, including chronic conditions or sleep
disorders. Hence the variation in magnitude of the relative mortality risks is very high, with some
estimates suggesting relative mortality risks of up to 50 per cent for individuals affected with
nocturia compared to those without nocturia (Kupelian et al. 2011). Given concerns regarding the
robustness of these estimates we report the economic effects related to mortality separately, with
the caveat that they are generally less robust, but also use a low relative mortality risk-estimate
provided by Fan et al. (2015) that suggests individuals with two or more voids per night have on
average a 6 per cent higher mortality risk than individuals with less than two night-time voids
(relative risk of 1.06).+

6.1.4. Nocturia scenarios

In the analysis, we run two main scenarios that take into account separate productivity and
mortality input assumptions. Note that for each scenario we compare how the economy of a

47 Corresponding 95% confidence interval (0.97-1.17)



country would perform in the counterfactual situation where the factors associated with nocturia
were to be diminished (e.g. work impairment and excess mortality risk), compared to the baseline
scenario with current nocturia prevalence and current associated productivity loss and reduced
labour supply due to mortality. The scenarios can be described as follows:

1. Productivity loss associated with nocturia: in this scenario we estimate how much larger
the economic output of the six countries would be, all else equal, if the current prevalence
of nocturia in the working-age population is diminished to zero, and hence also the work
impairment associated with nocturia. We also conduct a sensitivity analysis by providing a
lower and upper bound of the estimated effects by applying the 95 per cent confidence intervals
for the corresponding input parameters (see Table 6.2).

2. Productivity loss and reduction in labour supply associated with nocturia; in addition to the
previous scenario, scenario 2 also takes into account the potential reduction in labour supply
from nocturia associated with the elevated mortality risk for those suffering from the condition.

6.2. The macroeconomic cost associated with nocturia: model results

Table 6.4 reports the annual economic cost associated with the two scenarios, where each of the
entries can be interpreted as how much more an economy could produce in terms of economic
output, measured as Gross Domestic Product (GDP), if the prevalence of nocturia were to be zero
across all age groups.*

Table 6.4: Estimated annual economic cost associated with nocturia in GDP terms

Scenario 2: Real GDP - productivity &
reduction labour supply

Scenario 1: Real GDP - productivity

Country Estimate Low High Estimate Low High
Australia 3.0 1.6 4.3 3.2 1.6 4.8
Japan 13.7 7.2 19.7 14.6 7.2 22.2
USA 44.4 24.2 63.3 47.9 24.2 73.1
Germany 8.4 4.5 12.1 9.1 4.5 13.8
Spain 3.1 1.7 4.5 3.3 1.7 5.0
United Kingdom 5.9 32 84 6.3 32 9.6
Country Estimate Low High Estimate Low High
Australia 0.21% 0.77% 0.30% 0.22% 0.77% 0.33%
Japan 0.21% 0.77% 0.37% 0.23% 0.77% 0.35%
48 Note that the economic (opportunity) cost is characterised as a potential gain in economic output if nocturia were to be

diminished.
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Scenario 2: Real GDP - productivity &
reduction labour supply

Scenario 1: Real GDP - productivity

USA 0.26% 0.14% 0.37% 0.28% 0.74% 0.43%
Germany 0.22% 0.12% 0.32% 0.24% 0.12% 0.37%
Spain 0.20% 0.77% 0.29% 0.22% 0.77% 0.33%
United Kingdom 0.23% 0.12% 0.33% 0.25% 0.12% 0.37%

Notes: All values are reported in 2018 US Dollars. The contribution of the reduction in labour supply can be
calculated using the difference in Real GDP between Scenario 2 and Scenario 1.

Our scenario analyses suggest that under Scenario 1 — where we only look at the economic cost
associated with higher work impairment due to absenteeism and presenteeism — we find that, all
else equal, Australia’s annual GDP could be $3 billion bigger (0.21 per cent of current GDP) in the
absence of nocturia. Using the corresponding lower and upper bound estimates from a 95 per cent
confidence interval the annual cost in GDP terms range between $1.6 billion and $4.3 billion. Japan
loses annually about $13.7 billion (0.21 per cent of current GDP), ranging between $7.2 billion and
$19.7 billion. Due to the size of its economy, in absolute terms the US could produce $44.4 billion
more in annual GDP each year in the absence of nocturia, ranging from $24.2 billion to $63.3 billion.
For Germany the annual cost in GDP is estimated to be $8.4 billion (ranging from $4.5 billion to
$12.7 billion), the annual cost in GDP for Spain is $3.1 billion (ranging from $1.7 billion to $4.5
billion) and the annual cost in GDP for the United Kingdom is $5.9 billion (ranging from $3.2 billion
to $8.4 billion).

Scenario 2 incorporates the associated cost from a loss in productivity and lower labour supply
due to nocturia. The difference in the cost estimated between Scenario 2 and Scenario 1 provides
an estimate of the cost associated with a lower supply due to the elevated mortality risk for those
affected by nocturia. The findings suggest that the economic cost associated with a lower labour
supply is much lower in magnitude. For instance Australia loses about $0.2 billion of its GDP due to
a higher mortality risk associated with nocturia. Japan loses about $0.9 billion, the US $3.5 billion,
Germany $S0.7 billion, Spain $S0.2 billion and the United Kingdom $0.4 billion, annually.

At first glance the estimated economic costs associated with nocturia are smaller compared to the
estimates provided by Weidlich et al. (2017) and Holm-Larsen (2014), both using a COl approach.*
For instance when examining the U.S., Holm-Larsen (2014) estimates the productivity loss in terms
of absenteeism and presenteeism associated with nocturia to be around $61 billion. Our estimate
with $44 .4 billion is lower, but Holm-Larsen (2014) assumed a work impairment estimate of more
than 10 per cent working time lost due to nocturia, whereas our parameter estimate applied is
much lower (about 3 per cent across all age and gender groups). Our productivity loss estimate
for the U.S. is roughly about one-quarter lower than Holm-Larsen’s, but with a work impairment
estimate that is more than 70 per cent lower. This suggests that the macroeconomic model applied
for this analysis is highly likely to take into account not only the direct productivity losses such as
the COI approach, but also the indirect spillover effects on other agents in the economy, which

49 See Table 2.1 for a summary of the estimated cost in the two studies



would lead to larger effects than just using the COl approach. In fact, applying the work impairment
estimates used by Holm-Larsen (2014) and Weidlich et al. (2017) would likely lead to much larger
cost estimates for nocturia when applied in the CGE model.

Furthermore it is important to highlight that the analysis did not take into account direct costs
related to healthcare for treating nocturia patients. Overall, these costs seem to be relatively lower
in magnitude in the COI analytical framework applied in Holm-Larsen (2014) and Weidlich et al.
(2017) and hence the cost estimates presented in this chapter are likely to be an underestimation
of the overall cost.®

50 However, it is important to mention that within the CGE modelling framework the overall effect of healthcare cost
depends on how these cost are modelled. For instance, if the healthcare cost falls fully on the public purse (e.g. ina
fully public healthcare system, like in the UK), the effects would depend on how the public expenditure is financed, for
instance either through higher borrowing or shifting existing public budgets, where increased spending in healthcare
would have to come from other areas. Also, the dynamic nature would be important as at the macroeconomic level
in the short-run, an increase in government expenditure can lead to an increase in demand (and hence an increase
in GDP all else equal) while if the additional government expenditure on health crowds out investments (e.g. in R&D)
then a decrease in GDP could follow in the longer run, all else equal. In summary, it is not a priori clear how healthcare
expenditure would impact the empirical findings presented in this study






Summary and conclusion

7.1. Summary

Nocturia is a condition that is poorly understood and studied. For many health professionals and
patients alike, getting up at night to go to the bathroom has traditionally been seen as a natural
and accepted part of getting older. However, the understanding of nocturia is beginning to shift
as more evidence emerges. Nocturia is considered to be caused by reduced nocturnal bladder
capacity and/or a large urine volume produced during the night. It is also relatively common, with
up to 20 per cent of the overall population being affected, and its prevalence increasing with age.
Given its sleep interrupting nature nocturia is regarded to have negative implications for individuals’
daytime functioning and is potentially associated with lower life satisfaction and reduced levels of
workplace productivity.

This study is one of the first to attempt a comprehensive examination of the associations between
nocturia and a range of health, wellbeing, demographic and economic variables in a working-age
population, across different countries. To understand the relationships between nocturia and a set
of wider outcomes and demographic and lifestyle factors, this study uses two main methodological
approaches. The first approach is a set of multivariate regression analyses using data from a
number of employer—employee workplace surveys in the UK, Australia and across Asia, which
asked respondents about their sleep, sleep interruptions in the night due to the need to empty
their bladder, their general health, and their work engagement and productivity, among others. The
surveys asked consistent questions across the countries, and due to the consequent level of detail
allow the statistical analysis to adjust for a large number of covariates (one of the drawbacks of
previous empirical studies in this area). The second approach is a computable general equilibrium
(CGE) macroeconomic model that models the whole economic system of each country analysed,
and then tries to isolate the impacts associated with nocturia, specifically due to higher levels of
work impairment due to absenteeism and presenteeism and potential excess mortality risk. The
economic model applied in the analysis is akin to the WHO’s Economic Cost of lll-Health (EPIC)
model, but is more comprehensive and detailed in the representation of the model economy. Under
different nocturia scenarios the model then estimates the GDP losses associated with nocturia for
six countries: the United States, United Kingdom, Australia, Germany, Spain and Japan.

Our results show a set of strong associations between nocturia and a range of conditions, outcomes
and factors. On the one hand, it confirms in the working-age population what has been seen in
other studies that focused more specifically on the general population and older age groups. We



observe a higher prevalence of nocturia in older age groups in the working-age population and
among women. We find that a range of chronic conditions are associated with nocturia, though our
surveys do not capture all relevant chronic conditions. Not surprisingly, we see a strong association
between nocturia and other sleep quality indicators such as the first interrupted period of sleep.
The relationships are especially strong after two sleep interruptions associated with two or more
voids per night, and increases thereafter with each additional void. On the other hand, our study
can be more expansive about the economic and wellbeing effects of the condition given the range
of data points that are collected in the workplace surveys. Respondents who report two or more
voids have lower work engagement, life satisfaction and lower work productivity resulting in lower
individual wellbeing and costs to society and employers. And most importantly, these associations
hold not only for the older cohorts of employees but also for those aged 18 to 30, who have more
than half of their working lives ahead of them. This lends credence to the hypothesis that this is not
just a condition relevant to older age groups.

Finally, our CGE models show the significant impact on national economies from nocturia, with the
effect of nocturia potentially costing economies billions of dollars in lost annual economic output
globally. Our estimates suggest that Australia’s annual GDP could be $3 billion bigger each year in
the absence of nocturia. For the other countries analysed, the annual costs in GDP terms are: $13.7
billion for Japan; $44.4 billion for the US; $8.4 billion for Germany; $3.1 billion for Spain and $5.9
billion for the United Kingdom.

7.2. Conclusions

The key insights and contributions from this study are as follows. Firstly, nocturia not only affects
older age cohorts, but is also prevalent in younger populations. Furthermore, the condition seems
to be ‘bothersome’ for individuals and the level of ‘bother’ increases with the number of night-time
voids reported. Secondly, nocturia is associated with a considerable number of lifestyle risks and
co-morbidities. However, nocturia as a condition is still poorly understood and more research is
needed to better understand the mechanisms of whether these lifestyle and health factors are
caused by nocturia, or whether nocturia is an underlying clinical indicator of these factors. Thirdly,
given its potential sleep-impairing effect, the consequences of nocturia go beyond individuals’
health or quality of life — nocturia can potentially negatively affect individuals’ productivity and
engagement at work, with negative economic ramifications, some of which this study highlights.
Fourthly, even after adjusting for a variety of different covariates, including sleep quality and duration,
the statistical analysis of this study suggests that nocturia remains to be associated with profound
levels of work impairment due to absenteeism and presenteeism. Finally, this study shows strong
associations and overlaps between nocturia and sleep quality. These findings suggest that the
consequences of nocturia are partially explained by poor sleep, but there remains an independent
effect of nocturia on individual health and economic outcomes. This study cannot fully tease apart
the directionality of the relationship between nocturia and sleep, which is an important area for
future research. However, these findings highlight that both nocturia and poor sleep quality offer
important opportunities for intervention. Given the substantial economic implications of untreated
nocturia, this should be a ‘wake-up’ call to diverse stakeholders — including patients, health-care
providers, and employers — of the importance of identifying and treating nocturia.
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Appendix A: Factors associated with nocturia
in the working-age population: demographics,
lifestyle, co-morbidities and sleep -
corresponding regression output tables

This appendix provides the full regression outputs for the empirical findings discussed in Chapter
4. The tables are ordered as follows:

Table A.T: Associations between demographic and lifestyle factors, co-morbidities and nocturia
— full sample

Table A.2: Associations between demographic and lifestyle factors, co-morbidities and nocturia
— UK sample

Table A.3: Associations between demographic and lifestyle factors, co-morbidities and nocturia
— Asia sample

Table A.4: Associations between demographic and lifestyle factors, co-morbidities and nocturia
— Australia sample

Table A.5: Associations between demographic and lifestyle factors, co-morbidities and nocturia
- female sample (Age: 18-30)

Table A.6: Associations between demographic and lifestyle factors, co-morbidities and nocturia
- female sample (Age: 31-50)

Table A.7: Associations between demographic and lifestyle factors, co-morbidities and nocturia
- female sample (Age: 51+)

Table A.8: Associations between demographic and lifestyle factors, co-morbidities and nocturia
— male sample (Age: 18—30)

Table A.9: Associations between demographic and lifestyle factors, co-morbidities and nocturia
- male sample (Age: 31-50)

Table A.10: Associations between demographic and lifestyle factors, co-morbidities and
nocturia — male sample (Age: 51+)

Table A.11: Nocturia symptom-severity and sleep disturbance, by age and gender
Table A.12: Nocturia symptom-severity and FUSP (hours), by age and gender
Table A.13: Nocturia symptom-severity and fatigue score, by age and gender

Table A.14: Average FUSP and sleep length by age and gender



How frequent night-time bathroom visits can negatively impact sleep, wellbeing and productivity

Table A.1: Associations between demographic and lifestyle factors, co-morbidities and nocturia -
full sample

I I M Y N Y N
. sempleRal

_ Dependent variable: 2 or more voids per night

Coefficient Cl (95%) P value
Female 0.0173 0.013-0.022 0.000%*
Age: 31-50 0.0204 0.075-0.026 0.000%*
Age: 51+ 0.0799 0.071-0.089 0.000**
BMI: underweight -0.0075 -0.0717-0.003 0.142
BMI: overweight 0.0138 0.009-0.018 0.000**
BMI: obese 0.0377 0.037-0.045 0.000**
Excessive alcohol consumption 0.0039 -0.002 - 0.009 0.160
Physical inactivity 0.0042 0.007 - 0.009 0.05*
Excessive salt intake 0.0198 0.012-0.027 0.000**
Current smoker -0.0038 -0.077-0.003 0.284
Psychological distress 0.0282 0.078-0.038 0.000%*
Asthma 0.0210 0.072-0.030 0.000**
Cardiovascular disease 0.0668 0.043-0.091 0.000**
Kidney disease 0.0841 0.050-0.119 0.000**
Cancer 0.0626 0.027-0.098 0.007**
Diabetes 0.0782 0.055-0.101 0.000**
Hypertension 0.0434 0.032-0.055 0.000%*
Severe mental illness 0.0324 0.020-0.045 0.000**
High blood pressure 0.0072 0.002-0.012 0.006**
High cholesterol 0.0108 -0.002-0.024 0.099
High glucose 0.0528 0.032-0.074 0.000**
Sleep quality (low) 0.0634 0.056 - 0.071 0.000**
Sleep duration (less than 6 hours) 0.0077 0.007-0.014 0.079*
White 0.0037 -0.009-0.016 0.558
Asian 0.0089 -0.006 - 0.023 0.228
Black 0.0376 0.013-0.062 0.003**
United Kingdom -0.0468 -0.171-0.078 0.460
Australia -0.0311 -0.156 - 0.094 0.625
Observations 91,685

Notes: based on multivariate linear probability model with binary nocturia variable (two or more voids per night)

as dependent variable. Entries represent regression coefficients with corresponding 95% confidence interval and
p-value (** p<0.01, * p<0.05). Each coefficient represents the average associated marginal probability of the corre-
sponding covariate to predict that the individual reports two or more voids per night. Based on pooled BHW and AIA
samples for the years 2017 and 2018.



Table A.2: Associations between demographic and lifestyle factors, co-morbidities and nocturia -
UK sample

I ) S A" Y W
. ]

Sample: United Kingdom

_ Dependent variable: 2 or more voids per night

Coefficient Cl (95%) P value
Female 0.0209 0.0715-0.026 0.000%*
Age: 31-50 0.0236 0.0717-0.030 0.000%*
Age: 51+ 0.0872 0.077-0.097 0.000**
BMI: underweight 0.0123 -0.009-0.033 0.249
BMI: overweight 0.0115 0.006-0.017 0.000**
BMI: obese 0.0336 0.025-0.042 0.000**
Excessive alcohol consumption 0.0017 -0.004 - 0.007 0.555
Physical inactivity -0.0002 -0.005 - 0.005 0.929
Excessive salt intake 0.0156 0.003-0.028 0.017*
Current smoker -0.0074 -0.015-0.001 0.075
Psychological distress 0.0307 0.078-0.044 0.000%*
Asthma 0.0236 0.013-0.034 0.000**
Cardiovascular disease 0.0675 0.039-0.097 0.000**
Kidney disease 0.0999 0.056-0.143 0.000**
Cancer 0.0624 0.022-0.103 0.003**
Diabetes 0.0990 0.068-0.130 0.000**
Hypertension 0.0435 0.029-0.058 0.000**
Severe mental illness 0.0294 0.015-0.043 0.000**
High blood pressure 0.0062 -0.000-0.013 0.061
High cholesterol 0.0242 0.004-0.044 0.017*
High glucose 0.0436 0.010-0.077 0.077*
Sleep quality (low) 0.0626 0.054-0.071 0.000**
Sleep duration (less than 6 hours) 0.0270 0.0713-0.041 0.000**
White 0.0057 -0.007-0.019 0.387
Asian 0.0097 -0.006 - 0.026 0.240
Black 0.0459 0.0719-0.073 0.007**
Observations 56,566

Notes: based on multivariate linear probability model with binary nocturia variable (two or more voids per night)
as dependent variable. Entries represent regression coefficients with corresponding 95% confidence interval and
p-value (** p<0.01, * p<0.05). Each coefficient represents the average associated marginal probability of the corre-
sponding covariate to predict that the individual reports two or more voids per night. Based on pooled samples for
the years 2017 and 2018.
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Table A.3: Associations between demographic and lifestyle factors, co-morbidities and nocturia -
Asia sample

e e ] e

L ] sample: Asia
| Dependentvariable:20r more voids pernight

Coefficient Cl (95%) P value
Female 0.0130 0.004-0.021 0.003**
Age: 31-50 0.0117 -0.007 - 0.024 0.066
Age: 51+ 0.0471 0.029-0.065 0.000%*
BMI: underweight -0.0117 -0.023--0.000 0.043*
BMI: overweight 0.0192 0.070-0.028 0.000%*
BMI: obese 0.0427 0.030 - 0.056 0.000%*
Excessive alcohol consumption 0.0442 0.009 - 0.079 0.0713*
Physical inactivity 0.0086 0.0071-0.017 0.05%
Excessive salt intake 0.0211 0.0712-0.031 0.000%*
Current smoker -0.0010 -0.0714-0.012 0.881
Psychological distress 0.0240 0.007 - 0.041 0.005**
Asthma 0.0167 -0.006 - 0.039 0.145
Cardiovascular disease 0.0732 0.028-0.119 0.002**
Kidney disease 0.0300 0.026 - 0.086 0.293*
Cancer 0.0852 0.005-0.766 0.038*
Diabetes 0.0477 0.017-0.079 0.003**
Hypertension 0.0423 0.022 - 0.062 0.000%*
Severe mental illness 0.0628 0.019-0.107 0.005%*
High blood pressure 0.0095 -0.007 - 0.020 0.067
High cholesterol -0.0009 -0.0719-0.017 0.923
High glucose 0.0532 0.027-0.085 0.007**
Sleep quality (low) 0.0633 0.050-0.077 0.000%*
Sleep duration (less than 6 hours) -0.0029 -0.070-0.005 0.454
Asian 0.0070 -0.027 - 0.041 0.686
Observations 29,773

Notes: based on multivariate linear probability model with binary nocturia variable (two or more voids per night)
as dependent variable. Entries represent regression coefficients with corresponding 95% confidence interval and
p-value (** p<0.01, * p<0.05). Each coefficient represents the average associated marginal probability of the corre-
sponding covariate to predict that the individual reports two or more voids per night. Based on pooled samples for
the years 2017 and 2018.



Table A.4: Associations between demographic and lifestyle factors, co-morbidities and nocturia -
Australia sample
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Sample: Australia

_ Dependent variable: 2 or more voids per night

Coefficient Cl (95%) p value
Female 0.0165 -0.007-0.034 0.062
Age: 31-50 0.0293 0.008-0.051 0.008**
Age: 51+ 0.0923 0.058-0.126 0.000%*
BMI: underweight -0.0464 -0.083--0.070 0.013*
BMI: overweight 0.0108 -0.009-0.030 0.269
BMI: obese 0.0423 0.079-0.066 0.007**
Excessive alcohol consumption 0.0334 0.009 - 0.058 0.009%*
Physical inactivity 0.0143 -0.005-0.034 0.153
Excessive salt intake 0.0287 0.005-0.052 0.017*
Current smoker -0.0132 -0.052-0.025 0.495
Psychological distress 0.0234 -0.017-0.064 0.251
Asthma 0.0091 -0.019-0.037 0.525
Cardiovascular disease -0.0026 -0.706-0.700 0.960
Kidney disease 0.1757 0.030-0.322 0.079*
Cancer 0.0023 -0.144-0.149 0.975
Diabetes 0.0902 -0.030-0.210 0.7139
Hypertension 0.0301 -0.017-0.077 0.202
Severe mental illness 0.0107 -0.029-0.050 0.588
High blood pressure 0.0141 -0.0717-0.039 0.262
High cholesterol 0.0140 -0.029 - 0.057 0.519
High glucose 0.1120 0.015-0.209 0.024*
Sleep quality (low) 0.0441 0.018-0.070 0.007**
Sleep duration (less than 6 hours) 0.0182 -0.004 - 0.040 0.700
White -0.0648 -0.215-0.085 0.392
Asian -0.0586 -0.220-0.708 0.470
Black -0.0686 -0.235-0.098 0.413
Observations 5,346

Notes: based on multivariate linear probability model with binary nocturia variable (two or more voids per night)
as dependent variable. Entries represent regression coefficients with corresponding 95% confidence interval and
p-value (** p<0.01, * p<0.05). Each coefficient represents the average associated marginal probability of the corre-
sponding covariate to predict that the individual reports two or more voids per night. Based on pooled samples for
the years 2017 and 2018.
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Table A.5: Associations between demographic and lifestyle factors, co-morbidities and nocturia -
female sample (Age: 18-30)
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]

Sample: Female; Age: 18—-30

_ Dependent variable: 2 or more voids per night

Coefficient Cl (95%) P value
BMI: underweight -0.0118 -0.029 - 0.005 0.176
BMI: overweight 0.0195 0.008-0.031 0.007**
BMI: obese 0.0372 0.022-0.053 0.000**
Excessive alcohol consumption 0.0036 -0.017-0.018 0.625
Physical inactivity 0.0011 -0.009-0.011 0.833
Excessive salt intake 0.0252 0.009 - 0.041 0.002**
Current smoker -0.0293 -0.046 --0.013 0.007**
Psychological distress 0.0247 0.006 - 0.043 0.008**
Asthma 0.0197 0.002-0.038 0.033*
Cardiovascular disease 0.0662 -0.018-0.150 0.123
Kidney disease 0.0833 -0.006-0.173 0.069
Cancer -0.0717 -0.169 - 0.025 0.746
Diabetes 0.0664 -0.043-0.175 0.231
Hypertension 0.0484 -0.0719-0.176 0.760
Severe mental illness 0.0260 0.007 - 0.051 0.047*
High blood pressure 0.0065 -0.0712-0.025 0.491
High cholesterol 0.0021 -0.044-0.048 0.928
High glucose 0.0909 0.007-0.175 0.033*
Sleep quality (low) 0.0632 0.045-0.081 0.000**
Sleep duration (less than 6 hours) 0.0178 0.007-0.035 0.037*
Observations 16,990

Notes: based on multivariate linear probability model with binary nocturia variable (two or more voids per night)

as dependent variable. Entries represent regression coefficients with corresponding 95% confidence interval and
p-value (** p<0.01, * p<0.05). Each coefficient represents the average associated marginal probability of the corre-
sponding covariate to predict that the individual reports two or more voids per night. Based on pooled BHW and AIA
samples for the years 2017 and 2018.



Table A.6: Associations between demographic and lifestyle factors, co-morbidities and nocturia -
female sample (Age: 31-50)
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Sample: Female; Age: 31-50

_ Dependent variable: 2 or more voids per night

Coefficient Cl (95%) p value
BMI: underweight 0.0050 -0.027-0.0317 0.701
BMI: overweight 0.0196 0.070-0.029 0.000**
BMI: obese 0.0345 0.027-0.048 0.000**
Excessive alcohol consumption 0.0101 -0.007 - 0.021 0.075
Physical inactivity -0.0010 -0.070-0.008 0.834
Excessive salt intake 0.0204 0.004-0.037 0.015%
Current smoker -0.0025 -0.018-0.013 0.758
Psychological distress 0.0447 0.027-0.068 0.000%*
Asthma 0.0116 -0.004-0.027 0.143
Cardiovascular disease 0.0345 -0.015-0.084 0.175
Kidney disease 0.1312 0.062 - 0.201 0.000**
Cancer 0.0258 -0.033 - 0.085 0.389
Diabetes 0.0568 0.008-0.106 0.023*
Hypertension 0.0545 0.027-0.082 0.000**
Severe mental illness 0.0278 0.007 - 0.055 0.043*
High blood pressure 0.0050 -0.007-0.017 0.402
High cholesterol 0.0303 0.000-0.060 0.049*
High glucose 0.0305 -0.018-0.079 0.213
Sleep quality (low) 0.0636 0.049-0.079 0.000**
Sleep duration (less than 6 hours) 0.0088 -0.006 - 0.023 0.228
Observations 26,132

Notes: based on multivariate linear probability model with binary nocturia variable (two or more voids per night)

as dependent variable. Entries represent regression coefficients with corresponding 95% confidence interval and
p-value (** p<0.01, * p<0.05). Each coefficient represents the average associated marginal probability of the corre-
sponding covariate to predict that the individual reports two or more voids per night. Based on pooled BHW and AIA
samples for the years 2017 and 2018.
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Table A.7: Associations between demographic and lifestyle factors, co-morbidities and nocturia -
female sample (Age: 51+)
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Sample: Female; Age: 51+

_ Dependent variable: 2 or more voids per night

Coefficient Cl (95%) p value
BMI: underweight 0.0108 -0.073-0.094 0.808
BMI: overweight 0.0469 0.026 - 0.067 0.000**
BMI: obese 0.0966 0.068-0.125 0.000**
Excessive alcohol consumption 0.0117 -0.013-0.037 0.361
Physical inactivity 0.0228 0.004-0.041 0.076*
Excessive salt intake 0.0906 0.036-0.145 0.007**
Current smoker 0.0036 -0.038 - 0.045 0.863
Psychological distress 0.1018 0.030-0.173 0.005**
Asthma 0.0352 -0.007-0.078 0.703
Cardiovascular disease 0.0758 -0.020-0.172 0.122
Kidney disease 0.1773 0.047-0.314 0.077*
Cancer 0.0539 -0.048-0.156 0.300
Diabetes 0.0953 0.013-0.178 0.024*
Hypertension 0.0200 -0.015-0.055 0.263
Severe mental illness 0.0188 -0.077-0.109 0.682
High blood pressure 0.0007 -0.027-0.022 0.946
High cholesterol -0.0034 -0.057 - 0.044 0.888
High glucose 0.0350 -0.063-0.133 0.483
Sleep quality (low) 0.0945 0.065-0.124 0.000**
Sleep duration (less than 6 hours) 0.0487 0.074-0.084 0.007**
Observations 6,629

Notes: based on multivariate linear probability model with binary nocturia variable (two or more voids per night)

as dependent variable. Entries represent regression coefficients with corresponding 95% confidence interval and
p-value (** p<0.01, * p<0.05). Each coefficient represents the average associated marginal probability of the corre-
sponding covariate to predict that the individual reports two or more voids per night. Based on pooled BHW and AIA
samples for the years 2017 and 2018.



Table A.8: Associations between demographic and lifestyle factors, co-morbidities and nocturia -
male sample (Age: 18-30)
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] Sample: Male; Age: 18-30
_ Dependent variable: 2 or more voids per night

Coefficient Cl(95%) p value
BMI: underweight 0.0064 -0.025-0.038 0.692
BMI: overweight 0.0007 -0.070-0.011 0.904
BMI: obese 0.0061 -0.070-0.022 0.461
Excessive alcohol consumption -0.0007 -0.013-0.011 0915
Physical inactivity -0.0023 -0.013-0.008 0.664
Excessive salt intake 0.0015 -0.0717-0.020 0.872
Current smoker 0.0292 0.013-0.045 0.000**
Psychological distress 0.0198 -0.006 - 0.046 0.135
Asthma 0.0015 -0.017-0.020 0.879
Cardiovascular disease 0.0563 -0.032-0.144 0.209
Kidney disease -0.0021 -0.082-0.078 0.960
Cancer -0.0423 -0.069--0.015 0.002**
Diabetes 0.0407 -0.053-0.134 0.393
Hypertension 0.0453 -0.013-0.103 0.125
Severe mental illness 0.0120 -0.079-0.043 0.444
High blood pressure 0.0135 0.000-0.027 0.042%
High cholesterol -0.0032 -0.050 - 0.044 0.895
High glucose 0.0423 -0.038-0.122 0.300
Sleep quality (low) 0.0417 0.026 - 0.058 0.000%*
Sleep duration (less than 6 hours) 0.0020 -0.075-0.019 0.821
Observations 11,338

Notes: based on multivariate linear probability model with binary nocturia variable (two or more voids per night)

as dependent variable. Entries represent regression coefficients with corresponding 95% confidence interval and
p-value (** p<0.01, * p<0.05). Each coefficient represents the average associated marginal probability of the corre-
sponding covariate to predict that the individual reports two or more voids per night. Based on pooled BHW and AIA
samples for the years 2017 and 2018.
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Table A.9: Associations between demographic and lifestyle factors, co-morbidities and nocturia -
male sample (Age: 31-50)
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Sample: Male; Age: 31-50

_ Dependent variable: 2 or more voids per night

Coefficient Cl (95%) p value
BMI: underweight -0.0204 -0.058-0.017 0.287
BMI: overweight 0.0114 0.004-0.079 0.004**
BMI: obese 0.0305 0.076 - 0.046 0.000%*
Excessive alcohol consumption 0.0008 -0.008-0.070 0.861
Physical inactivity 0.0046 -0.004-0.073 0.277
Excessive salt intake 0.0243 0.007 - 0.042 0.008**
Current smoker -0.0116 -0.025-0.002 0.089
Psychological distress 0.0264 0.006 - 0.047 0.013*
Asthma 0.0247 0.008 - 0.041 0.004**
Cardiovascular disease 0.0347 -0.077-0.080 0.133
Kidney disease 0.1179 0.045-0.191 0.002**
Cancer 0.0871 -0.079-0.793 0.706
Diabetes 0.0799 0.047-0.118 0.000%*
Hypertension 0.0679 0.046 - 0.090 0.000%*
Severe mental illness 0.0324 0.007 - 0.063 0.040%*
High blood pressure 0.0011 -0.007 - 0.009 0.801
High cholesterol 0.0055 -0.017-0.028 0.627
High glucose 0.0351 -0.002-0.072 0.064
Sleep quality (low) 0.0511 0.037-0.065 0.000**
Sleep duration (less than 6 hours) 0.0032 -0.070-0.017 0.635
Observations 23,046

Notes: based on multivariate linear probability model with binary nocturia variable (two or more voids per night)

as dependent variable. Entries represent regression coefficients with corresponding 95% confidence interval and
p-value (** p<0.01, * p<0.05). Each coefficient represents the average associated marginal probability of the corre-
sponding covariate to predict that the individual reports two or more voids per night. Based on pooled BHW and AIA
samples for the years 2017 and 2018.



Table A.10: Associations between demographic and lifestyle factors, co-morbidities and nocturia -
male sample (Age: 51+)
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Sample: Male; Age: 51+

_ Dependent variable: 2 or more voids per night

Coefficient Cl (95%) p value
BMI: underweight -0.0743 -0.182-0.033 0.1776
BMI: overweight -0.0168 -0.035-0.001 0.066
BMI: obese 0.0200 -0.005-0.045 0.7113
Excessive alcohol consumption -0.0040 -0.023-0.015 0.679
Physical inactivity 0.0094 -0.077-0.029 0.357
Excessive salt intake 0.0300 -0.027-0.081 0.246
Current smoker -0.0050 -0.044-0.034 0.801
Psychological distress 0.0177 -0.052-0.087 0617
Asthma 0.0798 0.039-0.121 0.000**
Cardiovascular disease 0.1241 0.072-0.176 0.000**
Kidney disease -0.0131 -0.118-0.091 0.806
Cancer 0.1390 0.048-0.230 0.003**
Diabetes 0.0937 0.044-0.144 0.000**
Hypertension 0.0149 -0.0714-0.044 0.312
Severe mental illness 0.0912 0.027-0.162 0.017*
High blood pressure 0.0224 0.004 - 0.041 0.020*
High cholesterol 0.0236 -0.076 - 0.064 0.247
High glucose 0.0942 0.024-0.164 0.008**
Sleep quality (low) 0.1104 0.078-0.143 0.000**
Sleep duration (less than 6 hours) -0.0321 -0.060 - -0.004 0.024*
Observations 7,487

Notes: based on multivariate linear probability model with binary nocturia variable (two or more voids per night)

as dependent variable. Entries represent regression coefficients with corresponding 95% confidence interval and
p-value (** p<0.01, * p<0.05). Each coefficient represents the average associated marginal probability of the corre-
sponding covariate to predict that the individual reports two or more voids per night. Based on pooled BHW and AIA
samples for the years 2017 and 2018.
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Table A.11: Nocturia symptom-severity and sleep disturbance, by age and gender

] (1) @ @)
_ Dependent variable: (Log) Sleep Disturbance Score
_ A: Sample: Female; Age: 18—-30

Coefficient Cl (95%) P value
1 void 0.0849 0.065-0.105 0.000**
2 voids 0.2304 0.192-0.269 0.000%*
3 + voids 0.3053 0.245-0.365 0.000**
| B Sample:femalejAge:31-50
1 void 0.0768 0.063-0.090 0.000**
2 voids 0.2127 0.184-0.242 0.000**
3+ voids 0.2749 0.230-0.320 0.000%*
| CSample:FemalejAgeiST+
1 void 0.0575 0.026 - 0.089 0.000**
2 voids 0.1915 0.146-0.237 0.000**
3+ voids 0.3712 0.304-0.439 0.000**
| D:SampleMaleAge:18-30 |
1 void 0.0588 0.040-0.078 0.000**
2 voids 0.1686 0.112-0.226 0.000**
3+ voids 0.3138 0.226-0.401 0.000**
| ESample:MalejAgei3-50
1 void 0.0486 0.034-0.064 0.000**
2 voids 0.1589 0.128-0.190 0.000**
3+ voids 0.2188 0.168-0.269 0.000**
| FSampleMaleAgeSl+
1 void 0.0404 0.017-0.064 0.007**
2 voids 0.1248 0.086-0.164 0.000**
3+ voids 0.2333 0.172-0.294 0.000**

Notes: based on multivariate OLS regression models (separate by each age-gender sub-sample) with log-trans-
formed sleep disturbance score as dependent variable and nocturia symptom-severity indicator variables as covar-
iates (zero voids as reference group). Entries represent regression coefficients with corresponding 95% confidence
interval and p-value (** p<0.07, * p<0.05). In addition to covariates presented in the table, the coefficients are also
adjusted for other covariates including education, main job, income, marital status, ethnicity and region (UK, Austral-
ia, Asia), as well as irregular working hours; BMI: underweight, overweight, obese; excessive alcohol consumption;
physical inactivity; excessive salt intake; smoking; psychological distress; financial concerns; clinically diagnosed
and chronic: asthma, cardiovascular disease, kidney disease, cancer, diabetes, hypertension, severe mental illness;
non-clinically diagnosed or chronic: high blood pressure, high glucose, high cholesterol. Based on pooled BHW and
AIA samples for the years 20717 and 2018.
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Table A.12: Nocturia symptom-severity and FUSP (hours), by age and gender

Dependent variable: FUSP (hours)
A: Sample: Female; Age: 18—30

Coefficient Cl (95%) p value
1 void -0.9211 -0.996 - -0.846 0.000**
2 voids -1.2261 -1.339--1.114 0.000**
3 + voids -1.2691 -1.470--1.068 0.000**
| B:SamplefemalgAge3iso
1 void -0.8511 -0.899 --0.803 0.000**
2 voids -1.1545 -1.247 --1.062 0.000**
3+ voids -1.4845 -1.619 --1.350 0.000**
_ C: Sample: Female; Age: 51+
1 void -0.6936 -0.798 --0.589 0.000**
2 voids -1.2199 -1.350--1.089 0.000**
3+ voids -1.5833 -1.768--1.399 0.000**
1 void -1.1285 -1.222--1.035 0.000**
2 voids -1.3284 -1.516 --1.141 0.000**
3+ voids -1.1328 -1.403 - -0.863 0.000**
| ESampleMalejAgei3iso
1 void -0.8647 -0.915--0.815 0.000**
2 voids -1.1937 -1.297 --1.090 0.000%*
3+ voids -1.2842 -1.450--1.118 0.000**
| FSampleMaleAgeSs
1 void -0.8413 -0.925--0.758 0.000**
2 voids -1.5745 -1.702--1.447 0.000**
3+ voids -1.8207 -2.000 - -1.641 0.000**

Notes: based on multivariate OLS regression models (separate by each age-gender sub-sample) with FUSP in hours
as dependent variable and nocturia symptom-severity indicator variables as covariates (zero voids as reference
group). Entries represent regression coefficients with corresponding 95% confidence interval and p-value (** p<0.017,
*p<0.05). In addition to covariates presented in the table, the coefficients are also adjusted for other covariates
including education, main job, income, marital status, ethnicity and region (UK, Australia, Asia), as well as irregular
working hours, BMI: underweight, overweight, obese, excessive alcohol consumption; physical inactivity; excessive
salt intake; smoking; psychological distress; financial concerns; clinically diagnosed and chronic: asthma, cardio-
vascular disease, kidney disease, cancer, diabetes, hypertension, severe mental illness; non-clinically diagnosed or
chronic: high blood pressure, high glucose, high cholesterol. Based on pooled BHW and AIA samples for the years
2077 and 2018.
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Table A.13: Nocturia symptom-severity and fatigue score, by age and gender

] (1) @ @)
_ Dependent variable: (Log) Fatigue Score
_ A: Sample: Female; Age: 18-30

Coefficient CIl (95%) p value
1 void 0.0258 0.013-0.039 0.000**
2 voids 0.0568 0.031-0.082 0.000**
3 + voids 0.0452 0.005-0.086 0.029*
| B Sample:FemalejAge:31-50
1 void 0.0327 0.021-0.044 0.000**
2 voids 0.0757 0.053-0.098 0.000**
3+ voids 0.0810 0.053-0.109 0.000**
| CSample:FemaleiAgeST+
1 void 0.0561 0.033-0.079 0.000**
2 voids 0.1223 0.088-0.156 0.000**
3+ voids 0.1176 0.065-0.170 0.000**
| DSample:MalejAgei18-30 |
1 void 0.0478 0.030-0.065 0.000**
2 voids 0.0723 0.032-0.113 0.007**
3+ voids 0.1072 0.050-0.164 0.000**
| EsampleMaleAgeid1-50
1 void 0.0500 0.038-0.062 0.000**
2 voids 0.0832 0.059-0.107 0.000**
3+ voids 0.0846 0.043-0.126 0.000**
| FsampleMalgAge5l+
1 void 0.0607 0.037-0.085 0.000**
2 voids 0.0886 0.042-0.135 0.000**
3+ voids 0.1362 0.072-0.200 0.000**

Notes: based on multivariate OLS regression models (separate by each age-gender sub-sample) with log-trans-
formed fatigue score as dependent variable and nocturia symptom-severity indicator variables as covariates (zero
voids as reference group). Entries represent regression coefficients with corresponding 95% confidence interval and
p-value (** p<0.01, * p<0.05). In addition to covariates presented in the table, the coefficients are also adjusted for
other covariates including education, main job, income, marital status, ethnicity and region (UK, Australia, Asia), as
well as irregular working hours; BMI: underweight, overweight, obese; excessive alcohol consumption,; physical in-
activity; excessive salt intake; smoking; psychological distress; financial concerns; clinically diagnosed and chronic:
asthma, cardiovascular disease, kidney disease, cancer, diabetes, hypertension, severe mental illness; non-clinically
diagnosed or chronic: high blood pressure, high glucose, high cholesterol. Based on pooled BHW and AIA samples
for the years 2017 and 2018.



Table A.14: Average FUSP and sleep length by age and gender

Mean FUSP Mean sleep length
(hours) 0 voids -

Female; Age: 18-30

Female; Age: 31-50 47
Female; Age: 51+ 4.5
Male; Age: 18-30 52
Male; Age: 31-50 48
Male; Age: 51+ 49

6.8
6.7
6.9
6.7
6.8

Notes: N represents number of individuals within each age-gender sample.

89

17,070
26,203
6,633
12,285
23,671
7,497






Appendix B: Nocturia and the
associations with life satisfaction,
workplace engagement and productivity
— corresponding regression output tables

This appendix provides the full regression outputs for the empirical findings discussed in Chapter
5. The tables are ordered as follows:

Table B.1: Associations between nocturia and life satisfaction — full sample

Table B.2: Nocturia symptom-severity and life satisfaction — by age and gender
Table B.3: Associations between nocturia and work engagement — full sample
Table B.4: Nocturia symptom-severity and work engagement — by age and gender
Table B.5: Associations between nocturia and work impairment — full sample

Table B.6: Nocturia symptom-severity and work impairment — by age and gender
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Table B.1: Associations between nocturia and life satisfaction — full sample

I A Y Y M Y N
_ Dependent variable: (Log) Life Satisfaction

Coefficient Cl (95%) P value
2 +voids -0.0189 -0.026 --0.012 0.000**
Financial concerns -0.1680 -0.177--0.159 0.000**
BMI: underweight -0.0196 -0.030--0.009 0.000**
BMI: overweight -0.0057 -0.010--0.002 0.005**
BMI: obese -0.0256 -0.031--0.020 0.000**
Excessive alcohol consumption -0.0048 -0.010-0.000 0.065
Physical inactivity -0.0330 -0.037 --0.029 0.000**
Excessive salt intake -0.0080 -0.015--0.001 0.029*
Current smoker -0.0199 -0.027--0.013 0.000**
Psychological distress -0.3661 -0.383--0.349 0.000**
Asthma -0.0112 -0.019--0.003 0.005**
Cardiovascular disease -0.0178 -0.036 - 0.000 0.054
Kidney disease -0.0129 -0.042-0.016 0.383
Cancer -0.0285 -0.058-0.001 0.062
Diabetes 0.0092 -0.006 - 0.024 0.235
Hypertension -0.0157 -0.024 --0.007 0.000**
Severe mental illness -0.1140 -0.130--0.098 0.000**
High blood pressure -0.0071 -0.012--0.002 0.009**
High cholesterol -0.0198 -0.031--0.009 0.000**
High glucose -0.0136 -0.032-0.005 0.148
Sleep quality (low) -0.1090 -0.116--0.102 0.000**
Sleep duration (less than 6 hours) -0.0481 -0.054--0.042 0.000**
Observations 91,685

Notes: entries represent OLS regression coefficients with corresponding 95% confidence interval (standard errors
clustered at company level) and p-value (** p<0.01, * p<0.05). In addition to the covariates presented in the table, the
regression coefficients are also adjusted for age, education, main job, income, marital status, ethnicity and region
(UK, Australia, Asia), as well as irregular working hours. Analysis based on pooled BHW and AIA samples for the
years 2017 and 2018.



Table B.2: Nocturia symptom-severity and life satisfaction — by age and gender

I ) M Y W TS

Dependent variable: (Log) Life Satisfaction

_ Panel A: Female; Age: 18-30

Coefficient CI (95%) p value
1 void -0.0011 -0.010-0.008 0.816
2 voids -0.0306 -0.051--0.010 0.004**
3+ voids -0.0511 -0.095--0.007 0.023*
| PanelB:FemalejAgei31-50
1 void -0.0036 -0.010-0.003 0.307
2 voids -0.0190 -0.034--0.004 0.011*
3+ voids -0.0410 -0.062 --0.020 0.000**
| PanelC:FemalejAge:Sl+
1 void -0.0116 -0.027-0.003 0.126
2 voids -0.0275 -0.056 - 0.001 0.062
3+ voids -0.0554 -0.088 --0.022 0.007**
| PaelD:MalejAge:18-30
1 void 0.0706 -0.001-0.023 0.083
2 voids -0.0395 -0.077 --0.002 0.041*
3+ voids -0.0353 -0.099 - 0.028 0.273
| PanelE: MalgAge:31-50
1 void -0.0069 -0.015-0.001 0.083
2 voids -0.0255 -0.044 --0.007 0.006**
3+ voids -0.0428 -0.071--0.014 0.003**
| PaelE:MaleAgeiST+
1 void -0.0144 -0.027 --0.002 0.020%
2 voids -0.0296 -0.049--0.010 0.003**
3 + voids -0.0401 -0.074 --0.006 0.021*

Notes: based on multivariate OLS regression models (separately for six age-gender sub-samples) with log-trans-
formed life satisfaction (range 1 to 11), with higher values showing a higher satisfaction with life) score as depend-
ent variable and nocturia symptom-severity indicator variables as covariates (zero voids as reference group). Entries
represent regression coefficients with corresponding 95% confidence interval and p-value (** p<0.01, * p<0.05). The
coefficients are adjusted for other covariates including education, main job, income, marital status, ethnicity and re-
gion (UK, Australia, Asia), as well as irregular working hours; BMI: underweight, overweight, obese; excessive alcohol
consumption,; physical inactivity; excessive salt intake; smoking; psychological distress; financial concerns; clinically
diagnosed and chronic: asthma, cardiovascular disease, kidney disease, cancer, diabetes, hypertension, severe men-
tal illness; non-clinically diagnosed or chronic: high blood pressure, high glucose, high cholesterol, sleep quality and
sleeping less than 6 hours. Based on pooled BHW and AIA samples for the years 2017 and 2018.
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Table B.3: Associations between nocturia and work engagement - full sample

I Y M Y N

Dependent variable: (Log) Engagement score

Coefficient Cl (95%) p value
2 +voids -0.0128 -0.021 --0.005 0.007**
Financial concerns -0.0770 -0.088--0.066 0.000**
BMI: underweight -0.0176 -0.029 --0.006 0.003**
BMI: overweight 0.0028 -0.002 - 0.007 0.228
BMI: obese 0.0066 -0.000-0.013 0.054
Excessive alcohol consumption -0.0173 -0.023--0.011 0.000**
Physical inactivity -0.0214 -0.027--0.016 0.000**
Excessive salt intake -0.0047 -0.013-0.003 0.249
Current smoker 0.0304 0.022-0.039 0.000**
Psychological distress -0.2363 -0.255--0.218 0.000**
Asthma 0.0007 -0.010-0.011 0.887
Cardiovascular disease -0.0254 -0.051-0.000 0.052
Kidney disease -0.0136 -0.047-0.020 0.423
Cancer -0.0182 -0.049-0.013 0.249
Diabetes -0.0050 -0.025-0.015 0.616
Hypertension -0.0189 -0.030--0.007 0.007**
Severe mental illness -0.0554 -0.073--0.038 0.000**
High blood pressure -0.0016 -0.007 - 0.004 0.563
High cholesterol -0.0119 -0.024 - 0.000 0.055
High glucose 0.0061 -0.012-0.024 0.508
Sleep quality (low) -0.0836 -0.092--0.076 0.000**
Sleep duration (less than 6 hours) -0.0162 -0.023--0.009 0.000**
Observations 91,685

Notes: entries represent OLS regression coefficients with corresponding 95% confidence interval (standard errors
clustered at company level) and p-value (** p<0.01, * p<0.05). In addition to the covariates presented in the table, the
regression coefficients are also adjusted for age, education, main job, income, marital status, ethnicity and region
(UK, Australia, Asia), as well as irregular working hours. Analysis based on pooled BHW and AIA samples for the
years 2017 and 2018.
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Table B.4: Nocturia symptom-severity and work engagement - by age and gender

] 0 @ @)
_ Dependent variable: (Log) Engagement Score
_ A: Sample: Female; Age: 18—-30

Coefficient Cl (95%) p value
1 void 0.0018 -0.009-0.013 0.739
2 voids -0.0152 -0.042-0.012 0.268
3 +voids -0.0336 -0.086-0.019 0.207
| B Sample:FemalejAge:3150
1 void -0.0050 -0.013-0.003 0.198
2 voids -0.0032 -0.018-0.011 0.667
3 + voids -0.0340 -0.056 --0.012 0.003**
| cC:Sample:femalgAgeS
1 void -0.0039 -0.018-0.010 0.579
2 voids -0.0279 -0.055--0.001 0.043*
3+ voids -0.0461 -0.095-0.003 0.065
| DSample:MalejAge:18-30 |
1 void 0.0059 -0.013-0.024 0.534
2 voids 0.0178 -0.018-0.054 0.332
3+ voids -0.0567 -0.134-0.021 0.152
| ESampleMaleAge31-50
1 void -0.0117 -0.021 --0.003 0.011*
2 voids -0.0158 -0.036 - 0.004 0.118
3+ voids -0.0594 -0.093 --0.026 0.007**
| FSampleMalgAgeSs
1 void -0.0153 -0.029 --0.002 0.026*
2 voids -0.0309 -0.064 - 0.003 0.070
3+ voids -0.0465 -0.096 - 0.003 0.065

Notes: based on multivariate OLS regression models (separately for six age-gender sub-samples) with log-trans-
formed work engagement score (range 1 to 55), with higher values showing a higher engagement) as dependent
variable and nocturia symptom-severity indicator variables as covariates (zero voids as reference group). Entries
represent regression coefficients with corresponding 95% confidence interval and p-value (** p<0.01, * p<0.05). The
coefficients are adjusted for other covariates including education, main job, income, marital status, ethnicity and re-
gion (UK, Australia, Asia), as well as irregular working hours; BMI: underweight, overweight, obese; excessive alcohol
consumption; physical inactivity; excessive salt intake; smoking, psychological distress; financial concerns; clinically
diagnosed and chronic: asthma, cardiovascular disease, kidney disease, cancer, diabetes, hypertension, severe men-
tal illness; non-clinically diagnosed or chronic: high blood pressure, high glucose, high cholesterol, sleep quality and
sleeping less than 6 hours. Based on pooled BHW and AIA samples for the years 2017 and 2018.
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Table B.5: Associations between nocturia and work impairment — full sample

. ] ) @ @)
_ Dependent variable: % Work Impairment

Coefficient Cl (95%) p value
2 +voids 0.0303 0.025-0.036 0.000**
Financial concerns 0.0564 0.051-0.062 0.000**
BMI: underweight 0.0111 0.003-0.020 0.011*
BMI: overweight 0.0031 -0.000 - 0.006 0.056
BMI: obese 0.0125 0.008-0.017 0.000**
Excessive alcohol consumption 0.0001 -0.003-0.003 0.969
Physical inactivity 0.0254 0.022-0.029 0.000**
Excessive salt intake 0.0119 0.006-0.018 0.000**
Current smoker 0.0010 -0.004 - 0.006 0.688
Psychological distress 0.1733 0.166-0.181 0.000**
Asthma 0.0302 0.024-0.037 0.000**
Cardiovascular disease 0.0513 0.037-0.065 0.000**
Kidney disease 0.0256 0.006 - 0.045 0.010**
Cancer 0.0876 0.062-0.113 0.000**
Diabetes 0.0065 -0.005-0.018 0.270
Hypertension 0.0249 0.018-0.031 0.000**
Severe mental illness 0.1235 0.113-0.134 0.000**
High blood pressure 0.0114 0.007-0.015 0.000**
High cholesterol 0.0157 0.008-0.024 0.000**
High glucose 0.0310 0.017-0.045 0.000**
Sleep quality (low) 0.0746 0.070-0.079 0.000**
Sleep duration (less than 6 hours) 0.0191 0.015-0.024 0.000**
Observations 91,685

Notes: entries represent OLS regression coefficients with corresponding 95% confidence interval (standard errors
clustered at company level) and p-value (** p<0.01, * p<0.05). In addition to the covariates presented in the table, the
regression coefficients are also adjusted for age, education, main job, income, marital status, ethnicity and region
(UK, Australia, Asia), as well as irregular working hours. Analysis based on pooled BHW and AIA samples for the
years 2017 and 2018.



Table B.6: Nocturia symptom-severity and work impairment — by age and gender

I ) M Y M Y N

Dependent variable: Per cent Work Impairment due to Absenteeism and Presenteeism

- A: Sample: Female; Age: 18-30

Coefficient CI (95%) p value
1 void 0.0271 0.019-0.035 0.000**
2 voids 0.0597 0.041-0.078 0.000**
3+ voids 0.0730 0.044-0.102 0.000**
| B SampleFemaleAge:31-50
1 void 0.0257 0.020-0.031 0.000**
2 voids 0.0430 0.033-0.054 0.000**
3+ voids 0.0775 0.060-0.095 0.000**
| CSample:femaleiAge:Sl+
1 void 0.0220 0.011-0.033 0.000**
2 voids 0.0351 0.017-0.053 0.000**
3+ voids 0.0705 0.041-0.100 0.000**
| DSampleMaleAgei18-30 |
1 void 0.0189 0.010-0.028 0.000**
2 voids 0.0492 0.024-0.074 0.000**
3+ voids 0.0417 0.006 - 0.077 0.021*
| ESampleMaleAge:di-50
1 void 0.0248 0.019-0.031 0.000**
2 voids 0.0445 0.031-0.059 0.000**
3+ voids 0.0562 0.034-0.078 0.000**
| FSample:MalgAgeS+
1 void 0.0156 0.007-0.024 0.000**
2 voids 0.0230 0.010-0.036 0.000**
3 +voids 0.0609 0.038-0.084 0.000**

Notes: based on multivariate OLS regression models (separately for six age-gender sub-samples) with per cent work
impairment due to absenteeism and presenteeism as dependent variable and nocturia symptom-severity indicator
variables as covariates (zero voids as reference group). Entries represent regression coefficients with corresponding
95% confidence interval and p-value (** p<0.01, * p<0.05). The coefficients are adjusted for other covariates includ-
ing education, main job, income, marital status, ethnicity and region (UK, Australia, Asia), as well as irregular working
hours; BMI: underweight, overweight, obese; excessive alcohol consumption; physical inactivity; excessive salt
intake; smoking; psychological distress; financial concerns; clinically diagnosed and chronic: asthma, cardiovascular
disease, kidney disease, cancer, diabetes, hypertension, severe mental illness, non-clinically diagnosed or chronic:
high blood pressure, high glucose, high cholesterol, sleep quality and sleeping less than 6 hours. Based on pooled
BHW and AIA samples for the years 2017 and 2018.
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Appendix C: The BHW and AlA surveys

The empirical analysis in this study is based on data acquired from the ‘Britain’s Healthiest
Workplace' (BHW) competition, established in the UK by health insurer Vitality Health, and in
Malaysia, Singapore, Hong Kong, Thailand, Sri Lanka, and Australia by pan-Asian life insurance group
AIA. The country-specific competitions were established in order to find outstanding organisations
who demonstrate best practice and innovative approaches to workplace health and wellbeing. For
instance, the BHW competition represents one of the largest UK national studies, giving employers
valuable insights into the wellbeing of their employees. In each country-specific competition, all
companies are eligible and are invited to participate. After registering, all participating companies
return a corporate health assessment, including general company characteristics (such as the size
of the organization and the industry it operates in), as well as information on the organisation’s
approach to health promotion and wellbeing interventions. Subsequently, employees are invited to
respond to an employee health-assessment survey that collects information on lifestyle, behavioural
and clinical risk factors (including weight, diet, exercise, smoking, alcohol intake, stress, cholesterol,
blood-glucose levels and blood pressure), as well as how often people attend health screenings
to monitor and understand their health. It also includes self-reported measures on sleep and how
many times an individual wakes at night to visit the bathroom.

The data collected from the BHW and AIA surveys represent a unique research resource, as
collecting data from employers and employees generally allows both organisational and individual
dimensions to be explored, or at least adjusted for. The scope of the survey across a variety of
countries, covering a wide range of health, wellbeing and management indicators, is also unique.

Itis, however, important to address limitations of the survey data regarding the representativeness
of the data compared to the total population of employers and employees. Firstly, response rates
to the surveys are variable, and for some participating companies are low — although, having said
that, response rates on their own are a poor indicator of bias in surveys (Groves and Peytcheva,
2008), and BHW and AIA response rates are typical for online surveys.®' In addition, our survey-
sensitivity analyses showed no evidence of a relationship between survey response rate and
rankings of company wellbeing, which would be a marker of non-response bias if present. Secondly,
comparing the profile of respondents with the profile of employees within participating companies,

51 Ipsos Mori. Weighting online surveys. Available at: https://www.ipsos.com/sites/default/files/publication/1970-01/
Ips0s%20MediaCT%20_Weighting%200nline%20Surveys_062010.pdf. Note that for instance the response rate of the
BHW survey is around 27 per cent


https://www.ipsos.com/sites/default/files/publication/1970-01/Ipsos%20MediaCT%20_Weighting%20Online%20Surveys_062010.pdf
https://www.ipsos.com/sites/default/files/publication/1970-01/Ipsos%20MediaCT%20_Weighting%20Online%20Surveys_062010.pdf

we generally find a small over-representation of middle-income and middle-age employees (Hafner
et al, 2015). However, all age, gender and income groups are represented across participating
companies, and we adjust for age, gender, income and other potentially important factors in the
regression analyses. Thirdly, there are also some differences between the samples of companies
participating in the surveys (participation is voluntary) and all companies in a given country. We
account for the sampling approach in the analysis by controlling for company fixed-effects, which
should account for company factors related to selection into the survey (e.g. company size).

In conclusion, our analysis accounts for the survey sampling approach and the possible over-
representation of certain groups. We have explored the nature and extent of possible biases in
the surveys and acknowledge that these may limit attempts to fully generalize our findings to the
full population of companies. Nevertheless, the representation of a broad range of workplaces in
our sample suggests that findings are relevant for the population of employees within a specific
country.



Appendix D: Description of the CGE model

The CGE model is a multi-regional model whereby each region has bilateral trade with all other
regions, simultaneously. World prices are, therefore, determined globally by the model, and each
country/region has an effect on all the other regions. Larger regions will have larger effects
compared to smaller regions. This is different from the small-open economy (SOE) health models
in which countries cannot affect world prices, but rather take them as given (e.g. Smith et al.,
2005). In each country or region, firms produce a single good using a multi-level, differentiable,
constant return to scale production function that combines factor inputs (i.e. capital and labour)
with intermediate goods. The model uses a constant elasticity of transformation function to split
production into domestic production and exports. Then, domestic production is combined with
imports to form the final Armington good (Armington, 1969). The representative agent in each
country/region is assumed to be rational with a locally, non-satiated preference and demand
for final Armington goods. Thus, subject to disposable income, the representative agent in each
country/region maximizes a continuous, multi-level utility function. First, we assume a Ramsey type
utility function, which imposes a fixed share between savings and a consumption bundle (Ramsey,
1928). This is an appropriate function for a recursive dynamic model, because agents are assumed
to be myopic and do not alter their consumption-savings behaviour in anticipation of future. Multi-
level functions mean that they are a combination of different functions stacked together to form
a more complex function. Breaking them into levels makes it simpler to analyse and describe. The
Armington assumption allows for cross-hauling, thus allowing for product differentiation between
import and exports of similar goods.

Second, subject to the net-savings disposable income, the representative agent maximizes a typical
Cobb-Douglas utility function (Cobb and Douglas, 1928). As previously discussed, the government
has no active role in the model because of our assumption that the government maintains its
current methods (i.e. policies) towards providing the public good. Therefore, the public and private
sectors are aggregated together, which simplifies the model, reduces the number of assumptions
necessary and increases transparency.

Finally, a virtual investment firm ‘builds’ new capital stock for the next period by demanding some
Armington final-inputs in fixed proportion. Capital is accumulated under the assumption of a
competitive capital market. This means that the purchase price of one unit of new capital is equal
to the rental earnings of that unit, plus the value of the remaining capital sold in the subsequent
period (net of depreciation).





