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Abstract

Life expectancy has increased in the last decades of the 20" century and at the
beginning of the 215t century, for instance, in the United Kingdom from 66.3 years in
1946 to 82.0 in 2015. However, the evidence on trends in other key health indicators,

such as non-communicable conditions or disability, has been inconsistent.

The systematic review of 53 studies found no evidence for improvement in the age-
standardised or age-specific prevalence of any of the studied major chronic
conditions over the last few decades, apart from Alzheimer’s disease. The evidence
on trends in disability, expressed as prevalence or health expectancy was

inconclusive.

In the secondary analyses of the 1958 and 1970 British birth cohorts, with the total
sample of n=16,834, | found that the prevalence of multimorbidity was higher in the
younger cohort: 24.3% vs 17.8% at age 42-48. Across both cohorts, early-life
parental social class, birthweight, cognitive ability and body mass index at age 10/11,
internalising and externalising problems at 16 were associated with multimorbidity at
age 42-48. A higher prevalence of morbidity in younger birth cohorts was not limited
to physical health. In the comparison across the 1946, 1958 and 1970 British birth
cohorts (n=28,362), progressively younger birth cohorts had higher levels of mental

health symptoms across adulthood.

Worsening health across progressively younger birth cohorts has also been observed
in Sweden, in the analysis of the Uppsala Birth Cohort Multigenerational Study.
Successively younger birth cohorts (1915-1972) had a higher prevalence of

hospitalisation at overlapping ages, with inter-cohort differences emerging from early-
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adulthood and increasing with age in absolute terms. Those with medium and low
parental socioeconomic position (vs high) had respectively 13% and 20% higher
odds of experiencing hospitalisation during the observation period (1989-2008)—

when age, year-of-birth and gender were accounted for.

Hence, rising life expectancy has not translated into improving health and reduced
hospitalisation, associated with non-communicable conditions, both in Great Britain
and Sweden. This is likely to translate in greater demands on healthcare and public

services.



Impact Statement

Rising life expectancy is undoubtedly one of society’s greatest achievements. For
instance, in the United Kingdom, life expectancy at birth increased from 66.3 years in
1946 to 82.0 in 2015 (1). In other countries, for instance, in Sweden—Ilife expectancy
at birth has increased by six years in the last five decades, whereas in the members
of the Organization for Economic Co-operation and Development (OECD) by eleven
years (2). However, one of its consequences is ageing of the population, with the
proportion of those aged 80 years or older projected to increase by two and a half
times between 2018 and 2100 in the European Union—from 5.6% to 14.6% (3). A
progressively larger proportion of ageing population will lead to greater demands on
the healthcare system and society in general. For instance, it will result in growing
proportion of economically inactive individuals, which may require postponing
retirement age and a greater adaption of workplace and environment. An important
step in devising health policies aiming to improve population health is to understand
historical trends in health, which have emerged alongside declining mortality. While
the patterns in life expectancy have been well-studied, as historically it has been the

main indicator of population health, trends in other health indicators are unclear.

This thesis shows that there is a clear increase in prevalence of non-communicable,
mostly chronic conditions (e.g. diabetes, asthma, common mental disorders), with
some conditions indicating stable prevalence (e.g. cancer, hypertension).
Improvements have been found in very few morbidity outcomes, such as prevalence
of Alzheimer’s disease among older population and high blood pressure in mid-life

individuals. Due to increasing life expectancy, only reduced morbidity in younger birth



cohorts can be considered as a positive scenario. Any other outcome translates into
more years spent with morbidity during the life course and an increasing number of
individuals experiencing morbidity in the population. Moreover, younger birth cohorts
appear to experience higher rates of multimorbidity already in mid-life and are
hospitalised at an increasingly younger age. This supports the assumption that the
onset of morbidity happens at an earlier age in younger birth cohorts and
emphasises the need for more preventative efforts, rather than merely focusing on

treatment.

As higher rates have been observed across a range of morbidity outcomes, it is
necessary to act on wider health determinants, likely to generally predispose to poor
health. Such health determinants as parental social class, body mass index and
cognitive abilities and mental health problems, particularly externalising ones, were

found to be associated with mid-life chronic multimorbidity.

This thesis also found that individuals of disadvantaged background in childhood
have been disproportionally affected by morbidity: in Great Britain—in form of
multimorbidity in mid-life and in Sweden—expressed as hospitalisation throughout
adult life. Reducing inequalities in health has been a priority for policy-makers in
Europe in the last four decades. In Sweden, where the efforts to reduce the health
gap have particularly intensive since the 1990s, inequalities have remained largely
stable between the 1990s and late 2000s. In Great Britain, this health gap has not
narrowed in mid-life between individuals born in 1958 compared with 1970. This
emphasises that further efforts are needed in bridging the disparity between less and

more advantageous groups of the population.
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Acronyms and Abbreviations

ADL
AIC
ALSPAC
APC
AUC
BCS70
BHPS
BIC
BMI
BRHS
Cl
CIS-R
CMR
COPD
DALY
DARTS
DIC
DIN
ELSA
GBD
GHQ
GHS/GLS
GP
GPRD
HLE
HSE/S
IADL
ICD

1Q
MAR
MCMC
MCS
MI
MICE
MLR
MRC

MRC CFAS
NCDS

NHS

NICE
NSHD
OECD

OR

Activities of Daily Living

Akaike Information Criterion

Avon Longitudinal Study of Parents and Children
Age-Period-Cohort

Area Under the Curve

1970 British Cohort Study

British Household Panel Survey
Bayesian Information Criterion

Body Mass Index

British Regional Heart Study
Confidence Interval

Revised Clinical Interview Schedule
Continuous Morbidity Recording Project
Chronic Obstructive Pulmonary Disease
Disability-Adjusted Life Years

Diabetes Audit and Research in Tayside
Deviance Information Criterion

Doctors' Independent Network

English Longitudinal Study of Ageing
Global Burden of Diseases Study
General Health Questionnaire

General Household Survey/General Lifestyle Survey
General Practice

General Practice Research Database
Healthy Life Expectancy

Health Survey for England/Scotland
Instrumental Activities of Daily Living
International Classification of Disease
Intelligence Quotient

Missing At Random

Markov chain Monte Carlo

Millennium Cohort Study

Multiple Imputation

Multiple Imputation by Chained Equations
Multilevel Logit Regression

Medical Research Council
Medical Research Council Cognitive Function and Ageing
Studies

National Child Development Study

National Health Service

National Institute for Health and Care Excellence

National Survey of Health and Development

Organization for Economic Co-operation and Development
Odds Ratio
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PROSPERO
PSE

PSF

QOF
QUALY

RR

SES

THIN

TLE
UBCoS
Multigen

UK
USA

International Prospective Register of Systematic Reviews
Present State Examination

Psychiatric Symptom Frequency

Quiality and Outcomes Framework

Quality-Adjusted Life-Years

Risk Ratio

Socioeconomic Position

Health Improvement Network

Total Life Expectancy

Uppsala Birth Cohort Multigenerational Study
United Kingdom
United States of America
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Definitions

In this section, | define concepts that appear throughout the thesis. These concepts
have varying definitions in the literature, which may lead to confusion. Hence, they
are defined here and have a consistent meaning throughout the thesis. | also provide

references to publications where these concepts are discussed in more detail.
Age effects - variations linked to biological and social processes of ageing (4).
Chronic (condition or disease) - continuing or reoccurring for a long time (5).

Cohort effects - variations due to the unique experience of people born around the

same time (cohort) as they move across time (6).

Condition - “[a] state of health, esp. one which is poor or abnormal; a malady or

sickness” (7). (p309)

Comorbidity — co-existence of additional conditions in reference to an index

condition (8).

Determinant (risk factor is used interchangeably) - a range of behavioural,
biological, socio-economic and environmental factors that influence the health status

of individuals or populations (9).

Gender — the term is used to emphasise socially constructed differences between
men and women (as opposed to biologically determined males and females). Gender
differences in studied outcomes (non-communicable long-term conditions, mental
health problems, inpatient hospitalisation) are more often explained through social

experience rather than biological factors, hence this term is preferred (10).

Health expectancy — a summary measure of a population’s health that expresses

the average number of years that a person can expect to live in "full health" (11).
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Health outcomes — an umbrella term for different measures of morbidity.

Mental health problems — an umbrella term for measures of diagnosed common
mental disorders (depression, generalised anxiety disorder, panic disorder, phobias,
social anxiety disorder, obsessive-compulsive disorder and post-traumatic stress

disorder (12)), their symptoms or general distress.

Morbidity — an umbrella term for any negative health outcomes (a general state of

being in poor health) (13).

Multimorbidity — “two or more long-term health conditions where at least one of

these conditions must be a physical health condition” (14; p. 17)

Non-communicable (condition or disease) - a condition or disease that is not

transmissible directly from one person to another.

Period effects - result from external factors that equally affect all age groups at a

particular calendar time (6).

Secular trends - changes over a long period of time, generally years or decades.
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Chapter 1: Introduction

In the United Kingdom, life expectancy at birth increased from 66.3 years in 1946 to
82.0in 2015 (1). In other countries, for instance, in Sweden—Ilife expectancy at birth
has increased by six years in the last five decades, whereas among the members of
the Organization for Economic Co-operation and Development (OECD) by eleven
years (2). Due to declining mortality from heart disease (15), recent increases in life
expectancy have been particularly remarkable at older ages—with 65 year-olds in the
United Kingdom (UK) having a longer life expectancy of 19.7 years in 2014 compared
with 13 years in 1951 (1). It has to be noted, however, that despite a continuous
increase in life expectancy, the current improvements are not as optimistic as they
were—particularly among the older population (16). Rising life expectancy is
undoubtedly one of society’s greatest achievements. However, one of its challenges
is ageing of the population, with the proportion of those aged 80 years or older
projected to increase by two and a half times between 2018 and 2100 in the
European Union—from 5.6% to 14.6% (3). A progressively larger proportion of the
older population will lead to greater demands on the healthcare system and society in

general.

As continuous improvements in life experience ought to remain a key priority, it is
equally important to ensure that the additional years of life are spent in good health.
Nonetheless, the focus is currently disproportionally placed on treating illnesses and
prolonging lives, rather than preventing morbidity—the proportion of expenditure on
prevention is only 5% in the UK out of total healthcare spending, compared with 65%

on curative and rehabilitative care (the following 30% includes long-term care,

18



governance, ancillary services, governance, medical goods and other health
services) (17). As ageing can be delayed (18, 19), a more holistic approach to
population health, where prevention is of equal importance to treatment, could lead to
further increases in life expectancy accompanied by equivalent improvements in
health at older age (20). It is important, however, to lower multiple fatal and disabling
disease risks simultaneously. Hence, we need policies and health interventions that
target all stages of the life course—not only older age—with a particular focus on
primary and secondary prevention. For instance, interventions at early-age should
aim at delaying the onset of chronic morbidity, whereas intervening in mid-life could

postpone the disabling impact of chronic conditions (15).

An important step in devising health policies aiming to improve population health is to
understand historical trends in various morbidity outcomes, which have emerged
alongside declining mortality. While the patterns in life expectancy have been well-
studied, as historically it has been the main indicator of population health, it is unclear
how health has evolved—as further discussed in Chapter 2. Understanding trends
over time in various health indicators, including mortality, chronic health, disability
and use of health services will help to be more proactive in planning for future
healthcare and societal demands (21, 22). In this section, | outline the theoretical
foundations for this thesis—the theories of population health change and life course

epidemiology.

1.1 Theories of population health change

There are three main theories attempting to explain patterns in the population health
over time: 1) compression of morbidity (23); 2) expansion of morbidity, also referred

to as “failure of success” (24, 25); and 3) dynamic equilibrium (26) (Figure 1.1).
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ONSET OF MORBIDITY - AGE 56
PRESENT MORBIDITY l DEATH - AGE 76

ONSET OF MORBIDITY - AGE 65
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ONSET OF MORBIDITY - AGE 56
EXPANSION lv DEATH - AGE 82

ONSET OF MORBIDITY - AGE 62

EQUILBRIUM l' DEATH - AGE 82

Figure 1.1 Visual representation of the population health change theories.

1.1.1 Compression of morbidity

According to the compression of morbidity theory, morbidity is postponed and
“‘compressed” into the final years or even months of life (23). Fries argued that efforts
leading to reductions in mortality have even greater preventative effects on morbidity
than mortality resulting in its onset being delayed (27). Hence, younger generations
experience better health at the same age or healthy life expectancy increases faster
than life expectancy (27). This leads to contraction of morbidity into the end of life

(27).

The theory was founded on several propositions:

1) All species, including humans, have a fixed lifespan. Fries proposed that most

humans would be expected to live approximately 85 years.

2) Most chronic conditions have a common course, starting with the onset of the

disease, followed by a period of morbidity or disability and ending with death.
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3) The onset of chronic conditions has become delayed as a result of improved diet

and lifestyle as well as medical innovations.

4) As the lifespan is believed to be fixed, delayed onset of disease results in
“‘compression” of morbidity. This process leads to a “rectangularisation” of the
survival curve. People live longer without chronic disease, the onset of which is
followed by a short period of disability ending with—what Fries referred to as—the

“natural death” occurring due to ageing-related causes (23).

The proposition that there is a generic linear process starting with a disease, leading
to disability and ending with death was criticised—as severity, timing and course of
disability or functional limitations are highly variable across health conditions (28).
This criticism was based on the observation that certain conditions, such as
osteoarthritis or cataracts, may result in disability but are not necessarily lethal (28).
Thus, some argued that older people are more likely to avoid or survive chronic
diseases and develop nonlethal, disabling conditions (24). Hence living longer may
be associated with living more years with disability or functional limitations. Fries also
seemed to ignore the possibility of comorbidity or multimorbidity, which are highly
prevalent among older populations, in his formulations of disease, disability and

death (28).

1.1.2 Expansion of morbidity

The expansion of morbidity theory proposes that additional years of life are spent in
poor health, as the prolonged lifespan predominantly results from a reduction in
mortality due to chronic conditions rather than by a decreasing their incidence or
delaying their onset (24, 29). Thus, in contrast to the assertions of the compression of

morbidity theory, more years would be spent in poor health during one’s lifespan.
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This may occur if life expectancy is increasing faster than health expectancy (the
number of years expected to live without disease/disability). The hypothesis is built
on the assumptions that medical advances reduce the case fatality rates for
conditions such as stroke, cancer and cardiovascular diseases, whereas time of their
onset is not sufficiently delayed in proportion to increasing life expectancy. Thus, the
age-specific prevalence rates for these diseases are stable or increasing and the
older population spend more time with these conditions due to longer life expectancy
(24). The theory also assumes that medical technology and public health
improvements may be unable to prevent the disabling effects of certain degenerative

diseases as they are simply manifestations of the ageing process.

The hypothesised driving mechanism of this theory is increased survival among
those with morbidity that would have previously been fatal, mainly due to the
increased capabilities of medicine (24, 27, 29). Hence, the core of the theory is an
assumption that improvements in mortality may be somewhat independent of the
improvements in morbidity (24, 25, 29). This would be supported by a greater
reduction over time in prevalence of risk factors typically associated more strongly

with mortality (e.g. smoking) rather than morbidity (e.g. obesity).

Overall, it appears unlikely that medical advancements are limited in their capabilities
to reducing fatal complications of degenerative conditions, as modern medicine was
found to be effective in secondary prevention—slowing down the progression of

diseases and delaying the onset of their disabling effect (30).

1.1.3 Dynamic equilibrium

The dynamic equilibrium theory states that increases in life expectancy are due to

delayed progression from less to more severe (and more disabling) disease states—
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as opposed to the postponed onset of disease or medically-driven delay of death
(26). The theory proposes that severity and the rate of progression of chronic
diseases are directly related to mortality. Hence, slowed-down "ageing" of the vital
organ systems has a corresponding effect on delaying morbidity and mortality. If this
hypothesis is correct one would expect an increase in prevalence of less disabling
disease states, leading to an increase of overall prevalence and stable (or
decreasing) rates of severe conditions. Thus, the number of years spent in relatively
stable productive state may increase, whereas the time with severe functional
limitations or disability may remain relatively constant. The stability of the condition
may be achieved through clinical efforts, for instance as in the case of hypertension
or cholesterol control (31), as well as through promotion of healthy behaviours (32).
More recent interpretations of the theory, using measures of health expectancy, also
refer to dynamic equilibrium as a scenario where morbidity neither expands nor
compresses as both mortality and morbidity are postponed by an equal number of

years (33).
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1.2 Contribution of this thesis

As it has been repeatedly emphasised, research on population health change has
been inconsistent—with evidence supporting all three scenarios, depending on the
definition of morbidity, population or studied period (30, 34-36). This has provided
motivation for Chapter 2—a systematic review of the evidence on secular trends
across a comprehensive set of morbidity outcomes and data sources in the UK.
Subsequently, | aimed to understand how prospective longitudinal data can help to
advance our understanding of population health change—addressing some of the
gaps in the evidence identified by the systematic review (Chapters 4-6). In the UK,
we are particularly fortunate to have access to rich longitudinally-collected data and
these resources can be further exploited, adding to existing studies of trends in BMI
(37), mental health (38) (see section 5.1.2), self-rated general health (39), or blood
pressure (40). Most of the longitudinal studies share certain limitations, which are not
as prevalent in routinely collected data, such as reliance on self-reported measures
and attrition. Hence, | also used Swedish-based registry data (Chapter 6) to study
secular trends in hospitalisation. In combination, these two types of resources can
produce robust and comprehensive evidence on population health change—which is

important for creating health policies and interventions.

In this section, | outline theoretical developments borrowed from life course
epidemiology, which can accommodate prospective longitudinal research helping us
to advance our understanding of population health change. Life course epidemiology
is “the study of long-term biological, behavioural and psychosocial processes that link
adult health and disease risk to physical or social exposures acting during gestation,

childhood, adolescence, earlier in adult life or across generations” (page 285) (41).
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As highlighted by Ben-Shlomo and Kuh, it is essentially an agnostic approach aiming
to guide research on the most appropriate timing of intervention—including
biomedical, individual or societal. Hence, it provides a flexible framework, which in
combination with the theories of population health change, can facilitate our
understanding of the trends in morbidity and mortality, including their driving
mechanisms as well as preventative efforts required to improve health of future

generations (42).

The life course models driving epidemiological research include: (1) the critical period
model, (2) the critical model with later effect modifiers, (3) the accumulation of risk
model/cumulative model, (4) the pathway model (chain of risk or trigger model). They
encompass biological, behavioural and psychosocial pathways operating across
one’s life course or across generations, which influence development of morbidity.
These models overlap to some extent in their conceptualisation and may operate

simultaneously (41, 42).

The critical period, also referred to as the “latency model” describes exposures that
act during a critical period of development, between being in utero and adolescence
and have long-lasting effect on physical functioning that may later result in chronic
morbidity (41, 42). The mechanism through which these exposures act is often
referred to as “biological programming”, forming the foundations for early versions of
the hypothesis of foetal origins of adult morbidity (43). The critical period model
proposes that an exposure acting during a critical period results in permanent and
irreversible damage. Whereas outside of this period an exposure can still produce an
effect that may be weaker and more likely reversible—this is referred to as a

sensitive period. Sensitive periods may occur for various exposures during different
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stages of the life course, for instance for social and cognitive development in
adolescence or heavy drinking in mid-life (44, 45). The critical period model with later
effect modifiers is an extension of the critical period model, adding the possibility that
later physiological or psychological stressors may modify the effect of a given
exposure on later disease risk (41, 42). For instance, obesity in adolescence or early
adulthood may further increase the risk of chronic morbidity among those with low

birthweight (48).

The accumulation of risk model (cumulative model) considers the total amount and
sequence of exposures, which may accumulate during the life course (41, 42).
Accumulation of risk may occur due to clustering of exposures, having cumulative
damage to biological systems (41, 42). For instance, socioeconomically
disadvantaged children may be more likely to have experienced low birthweight, have
poor diets and be exposed to passive smoking (49). The model does not refute the
possibility of critical or sensitive periods of development. The accumulation model is
possibly the most prominent representation of processes leading to morbidity due to
its advantageous predictive power, provision of aetiological insights and explanatory
capacity of social inequalities in health (50). Kuh and colleagues described one’s
biological resources accumulated over the life course as “health capital”, which

determines current and future health (50).

The pathway (chain of risk/trigger) model deals with a sequence of linked exposures
where one leads on to the next, these experiences are often socially stratified (51).
For instance, children from more disadvantaged background may have fewer
educational opportunities, which limit socioeconomic resources available later in life,

associated with unhealthy behaviours and eventually leading to morbidity in later life
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(52). This pathway model is to some extent similar to the accumulation model.
However, the model additionally emphasises the importance of the timing of
etiological exposure, which sets a person on a pathway to subsequent risk and it
stipulates that the impacts of different life course exposures accumulate but do not

necessarily interact (50).

This thesis does not aim to evaluate any of the aforementioned models of life course
epidemiology, but it uses these models to provide theoretical and explanatory
framework whose application may enhance our understanding of theories of
population health change. As further explained, the theories of population health
change have been focused mainly on studying periodical trends of morbidity
prevalence in the context changing mortality rates. Adopting concepts from life
course epidemiology, helps to study processes leading to morbidity and mortality and

how these have changed over time.

1.2.1 Considering multifaceted aspects of morbidity

The theories of population health change have been developed around morbidity
defined as disability or functional limitations associated with chronic conditions (53).
As emphasised by recent literature reviews (15, 54), the focus of research on health
expectancy since the mid-1990s has been on how chronic and acute conditions
affect critical physical functions, represented by disability and functional mobility
indicators—such as activities of daily living. More recently, there has been a rise of
studies based on a self-rated general health question or an indicator if one suffers
from longstanding illness or disability—due to availability of these health measures in

population-based surveys (54).
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Studying parallel trends of various aspects of population health, including disabilities,
specific chronic conditions as well as other health indicators—for instance,
biomarkers and mental health measures—would lead to more precise policy
recommendations (55). For instance, increasing burden of chronic diseases would
imply a greater need for medical care, whereas rising limitations in activities (e.g. in
walking or lifting) would indicate a growing demand for rehabilitation, assistive
technology and social services related to personal assistance as well as for a better-
adapted environment (56). Moreover, costs of chronic conditions to an individual and
society extend beyond their disabling effects—through medical costs, sub-clinical
damage to health or psychosocial and stress-related burden associated with being
labelled as diseased (53). Self-reported general health, which is often measured in
population-based surveys, is another useful morbidity indicator as it has been
demonstrated to be a strong predictor of mortality and disability even while controlling
for a range of objective health measures (57, 58). This measure may capture a
multifaceted nature of health—including morbidity as well as health awareness and
expectations (57, 58). Whereas objective health measures—including biomarkers—
are free from self-report biases, for instance, due to changing attitudes to health (59),

hence they may provide information on “true”, objective, aspects of health.

To holistically describe trends in morbidity, in the first research study (Chapter 2) |
systematically reviewed the evidence on post-WWiII trends in commonly-studied
indicators of morbidity—including key chronic conditions, disability and functional
limitations as well as self-reported general health. The following studies investigated
trends in less-studied health measures, including: self-reported non-communicable

diseases, objectively measured biomarkers and multimorbidity (Chapter 4), mental
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health (Chapter 5) and inpatient hospitalisation due to non-communicable conditions

(Chapter 6).

1.2.2 Studying age and cohort effects in morbidity

When studying trends over time in morbidity (and mortality), it is important to
understand three types of time-related influences: age, period and cohort effects.
Age effects refer to biological and social process related to ageing, which may
include physiologic changes and accumulation of social experiences (60). Period
effects are typically defined as external factors that equally affect all age groups at
particular calendar time (60). Cohort effects are variations resulting from unique
experiences of groups of subjects born at the same time as they move across time
(60). As age, period and cohort effects are collinear (Cohort = Period — Age), they
cannot be simultaneously estimated (61). However, different study designs are well-
suited to estimate one or two of these time variables at a time—while assuming that

the effects of the remaining variable can be omitted.

Cross-sectional studies allow for examining the age distribution of a health outcome.
However, age and cohort are perfectly collinear in this type of studies and their
generalisability over time is low as they provide a snapshot within a short calendar
period (e.g. a single year). Repeated cross-sectional studies are more suited for
describing age, cohort and period effects as they provide estimates over different
periods and allow for conducting pseud-cohort analysis, where the same birth cohorts
(but not the same individuals) are followed across time as they age. A longitudinal
design is more powerful in studying age-related processes than cross-sectional
designs. In longitudinal studies the same individuals are followed over time, where

each person acts as their own control, ensuring that age trends are due to
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intraindividual change. Nonetheless, when studying an individual birth cohort, age
and period are perfectly collinear, thus their differential influences cannot be
distinguished. Hence, an accelerated longitudinal study design, or combining several
birth cohort studies, is more appropriate for investigating age, period and cohort
effects, where the same individuals belonging to different birth cohorts are followed
over time as they age. In such studies, the age-related processes can be attributed to
intraindividual changes and cross-cohort comparisons can be made at overlapping

ages (61). All empirical studies in this thesis (Chapters 4-6) use this design.

As explained, different types of studies may be more suited for examining age, period
or cohort effects, however, there is no study design that would allow to statistically
separate all three time variables (61). As Glenn put it “a continued search for a
statistical technique that can be mechanically applied always to correctly estimate the
effects is one of the most bizarre instances in the history of science of repeated
attempts to do the logically impossible” ((62), p. 6). There are techniques, which
attempt to statistically break the collinearity of age, period and cohort, but an
interpretation of such estimates is problematic due to the logical impossibility of
disentangling influences that can be attributed to ageing, periodical circumstances or
environmental and historical influences accompanying different birth cohorts (62). A
common strategy is to make a strong assumption about a time variable, whose
effects are considered of lesser importance and estimate two other time variables.
Such assumption depends on the research question of interest (61). In Chapter 5
and 6, | focus on studying age and birth cohorts, while informally considering

potential period effects.
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Younger birth cohorts are expected to live longer, which will translate into extended
lifespan with morbidity, unless they experience a delayed onset of morbidity. Hence,
when studying secular trends in morbidity in the context of population health change,
age effects need to be accounted for. Most studies describing the epidemiology of
morbidity over time use repeated cross-sectional surveys, where the prevalence of
morbidity is compared over time after age-standardisation of the cross-sections of the
population (see Chapter 2). This ensures that the obtained secular trends do not
merely represent a greater proportion of older individuals in later-studied population.
Age-specific comparisons, ideally covering a wide age distribution of the outcome (or
focused on a narrow age group), help to recognise if specific age groups are at a
greater risk of poor health. This may facilitate detection of risk factors
disproportionally affecting those groups. In addition, investigating the age distribution
of health outcomes is important in itself, even if the study mainly focuses on period

effects, as this helps to identify high-risk life course stages (52).

When studying age-related processes in health outcomes, it is essential to consider
cohort effects, which arguably may be more informative than focusing on period
effects. Birth cohorts are likely to differ in their demographic composition, attitudes,
values, beliefs and behaviours (63). Changes in education, politics, life conditions,
socialisation, norms and technological innovation may all affect birth cohorts
differently (63). This may lead to variations in ageing across birth cohorts. Members
of different birth cohorts may enter social roles, experience key life course events
(e.g. marriage, parenthood) or historical occurrences (e.g. an economic crisis) at
different age (63). A universal age trend, despite these important differences across
birth cohorts, suggests that change observed with age can be truly attributed to age

effects. Hence, the finding of universal age trends across birth cohorts improves the
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generalisability of the evidence, which facilitates the development of health policies
and interventions (50). It is also possible that the age trajectories of a given health
outcome have a similar shape across cohorts. However, the overall level of morbidity
may differ across cohorts due to overall variation in the predisposition of a given birth
cohort to experience poor health. Hence, we should aim to understand how changing
socioeconomic and policy contexts have affected health over time and if these effects
varied across different population segments—determined by their age and time of
birth (52). Considering birth cohort differences in age trends also allows for more a
precise inference regarding change in the length of lifespan spent with morbidity, as
we can observe at what age secular changes start to emerge and if they persist over
the life course. For instance, younger birth cohorts have been found to have worse
mental health in mid-life (38), but these differences may converge at an older age—
hence potentially leading to dynamic equilibrium in morbidity, as opposed to

expansion.

Temporal trends in prospective longitudinal studies may also be attributed to period
effects, which may confound age and cohort influences. Overall, regardless of period
or cohort effects being at play—an increasing or stable trend in morbidity over time,
after accounting for ageing, will lead to a greater proportion of individuals with
morbidity in the population and longer time spent with morbidity during their lifetime.
Overall, | focus on cohort effects—as it is difficult to imagine environmental, social or
economic factors equally and simultaneously affecting health across the entire
population. The exceptions here are changes in diagnoses of specific conditions, as
these would result in the change of prevalence across all ages and birth cohorts.

Such an example is lowering of plasma glucose threshold for diagnoses of diabetes
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in 2000, which resulted in an initial sharp increase in diagnosis in the early-2000s

(64).

Some social and economic changes may have a comparable effect on a range of
age groups. For instance, a rapid increase in the popularity of foods high in sugar,
fats and salt may be partially blamed for currently rising obesity across the entire
population (65). Yet, these are still likely to have a distinct impact at different ages,
leading to what epidemiologists define as cohort effects (resulting from period by age
interaction) (6). As in the obesity epidemic example, cross-cohort differences in
obesity emerged in early-adulthood in older cohorts (1946 vs 1958 vs 1970), whereas

younger cohorts are more obese already in childhood (1991 vs 2000) (37).

In order to have a ubiquitous influence on the entire population, periodical factors
would need to be extreme in nature—for instance resulting from famine or war.
However, these events are well-documented and are likely to result in short-term
fluctuations in morbidity trends (e.g. 2" World War, Spanish flu, The Dutch famine of
1944-45). Hence, explicit statistical modelling of period effects is not needed to pick
up these influences. In the age-cohort analysis, the same age across birth cohorts
corresponds to different calendar years, thus simple replacement of age with period
on X-axis (as in Chapter 5) would allow for detecting these periodical influences.
Moreover, even population-level exposures extreme in nature would differentially
affect groups in the midst of a critical developmental period, as they would increase
their lifetime risk of disease, hence they may be more beneficial to consider as cohort

effects (66).

In the UK, we are privileged to have the oldest and longest-running birth cohort—the

1946 Medical Research Council (MRC) National Survey of Health and Development
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(NSHD). In addition, members of the other British birth cohorts—the 1958 birth cohort
or the National Child Development Study (NCDS) and the 1970 British Cohort Study
(BCS70)—are currently in middle-age. Combining these three cohorts allows for
studying health processes across age and birth-cohorts—as in the accelerated
longitudinal design, which is a gold standard for studying age and cohort effects. A
similar set-up of the data can be done with the Swedish registries, as they include
information collected over time on individuals born across many decades. Taking
advantage of these data resources, | study age and cohort effects in mental health in

the UK (Chapter 5) and inpatient hospitalisation in Sweden (Chapter 6).

1.2.3 Shifting from morbidity to “morbidity process”

The theories of population health change have been mainly focused on health trends
in older age. However, availability of data collected over the life course allows for
studying dynamic nature of health, which Crimmins referred to as the “morbidity
process” (15, 67) and which has been emphasised by the life course models. At the
population level, health-related processes start in early-life—or even prenatally—
when early-life risk factors lead to physiological dysregulation, subsequently resulting
in a diseased state that often translates into disability or functional limitations and

eventually leads to death (15) (see Figure 1.2).
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Figure 1.2 Visual representation of the morbidity process (adapted from Crimmins).

Life course models emphasise lasting effects of early-life circumstances—including
illness, deprivation and cognitive development—on adult health (51). Crimmins
describes the beginning of the morbidity process as physiological dysregulation (see
Figure 1.2), however, life course epidemiology advocates for considering socially
patterned exposures that precede physiological dysregulation, so-called “causes-of-
causes” (68). These may predispose to clustering and accumulation of other risk
factors over the life course having cumulative damage to biological systems—Ileading
to morbidity (51). For instance, early-life social status may translate into less healthy
diet, in turn leading to physiological dysregulation (e.g. high cholesterol) (69). Hence,
investments in early-life are likely to produce the greatest long-term health benefits
(15). Prospectively-collected longitudinal data allows for studying such temporal
relationships, however, investigating complex causal chains remains

methodologically challenging (e.g. see Joffe et al. (70) for discussion).

Mid-life, as early-life, has also been identified as a pivotal stage in the life course,
which bridges young and older age and may be considered as a sensitive period of
healthy ageing. Ageing starts to accelerate in mid-life, however middle-aged
individuals still possess behavioural and neural plasticity that can be acted on to build
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foundations for healthy ageing (71). Yet, research on population health theories or
life course epidemiology has paid less attention to this life phase (see Chapter 2).
This is a missed opportunity as existing evidence, for instance, based on a national
longitudinal study—the Midlife in the United States—shows that supportive
relationships, regular exercise and sense of control in mid-life help to maintain
functional health and cognitive skills when entering older age (71). As depicted by the
model of morbidity process (see Figure 1.2), acting in early-life is thought to have
preventative effects in mid-life, whereas preventative interventions in mid-life lead to
promotion of healthy ageing (72). In order to better understand the population health
change, we may explore changes of morbidity process over time. For instance, we
may investigate if the association between a risk factor and morbidity changed in
magnitude over time (e.g. in younger birth cohorts compared to older ones). For
example, Li and colleagues showed that the association between rising BMI
trajectory and high adult blood pressure was stronger in the 1958 birth cohort
compared with the 1946 cohort (73). This may suggest that chain of certain risk
factors may have become stronger over time. The focus of the empirical studies of
this thesis is on morbidity processes in early-life and mid-life. | investigate secular
trends in multimorbidity in mid-life (Chapter 4), in mental health (Chapter 5) and in
inpatient hospitalisation (Chapter 6) across adulthood. In addition, | examine the
association between early-life risk factors and mid-life multimorbidity (Chapter 5) and
adult inpatient hospitalisation (Chapter 6) and how these associations changed over

time.
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1.2.4 Importance of socioeconomic circumstances in morbidity process

Life course epidemiology emphasises the importance of the socioeconomic context in
studying health outcomes—as depicted by the diagram of the morbidity process
(Figure 1.2) and explained in more detail in section 1.2. Socioeconomic
circumstances may act as risk factors for morbidity and mortality, for instance, via
their direct impact on morbidity due to exposures during sensitive or critical periods
and/or through their association with later health behaviours (e.g. diet, smoking or
injury avoidance) (74). Moreover, they may act as modifiers of the effect of risk
factors on health. They may cause disadvantaged individuals to be more vulnerable
to the consequences of morbidity, for instance, having limited access to health
services (75), or they may increase the propensity to being exposed to unhealthy
environments (e.g. hazardous occupations) (76). Alternatively, socioeconomic
position may mediate the effect of other risk factors on health. For example, previous
work based on the British birth cohort studies has shown that the association
between early-life characteristics—such as birthweight, cognitive ability, BMI and
mental health problems—and adult morbidity as well as mortality, is mediated by
adult characteristics—including education or socioeconomic status (77, 78). Finally,
socioeconomic characteristics may act as confounders of the effect of other
exposures on health resulting in spurious association—for instance, birthweight may
be associated with morbidity due to socioeconomic circumstances leading to both low
birthweight and morbidity. Hence, socioeconomic context is an important aspect of
the morbidity process and it should be appropriately operationalised, depending on

the research question of interest.
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In the thesis, socioeconomic circumstances are treated as exposures (Chapters 4-6)
as well as potential confounders of the association between early-life characteristics
and adult morbidity (Chapters 4-5). Studying life course trajectories across birth
cohorts is particularly important, as socioeconomic context sets up the cadence of
developmental processes (15). Hence, | examine socioeconomic differences in

adulthood hospitalisation in Sweden (Chapter 6).
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1.3 Structure of the thesis

The following chapters include the systemic review (Chapter 2), description of the
data used for the primary analyses (Chapter 3)—the British birth cohorts and the
Uppsala Birth Cohort Multigenerational Study—and the empirical studies (Chapters
4-6). Each chapter corresponding to a research study includes a more detailed
discussion of the relevant literature—identifying gaps that the studies aim to address.
The empirical studies are followed by the general discussion (Chapter 7)—bringing
main findings together, highlighting contributions as well as limitations of the research
conducted within this thesis and suggesting avenues for future research. The last
chapter of the thesis (Chapter 8) includes information about publications and
conference presentations relevant to outputs of the thesis. The document also
contains supplementary material providing additional information relevant to each
research study. Below | outline the aims of each empirical chapter and key

contributions to the literature within the themes discussed in section 1.2.

Chapter 2: Post-war (1946-2017) population health change in the United

Kingdom: A systematic review

Aim(s): To systematically review the evidence on trends in multiple health
outcomes—expressed as prevalence rates and health expectancy—including chronic
conditions, disability, self-reported general health among adults in the UK during the

period of 1946-2017.

Key contributions: This chapter addresses the need to focus on multi-faceted
definition of morbidity when studying trends over time—as outlined in section 1.2.1. |

considered two sources of evidence, which have been rarely interpreted
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simultaneously in the context of the theories on population health change: trends in

age-standardised or age-specific prevalence rates as well as in health expectancy.

Chapter 4: Prevalence and early-life determinants of mid-life multimorbidity:

evidence from the 1958 and 1970 British birth cohort studies

Aim(s): (1) To estimate the prevalence of multimorbidity in mid-life (age 46-48) in the
1970 British birth cohort, according to the definition provided by the National Institute
for Health and Care Excellence; (2) to examine the association between early-life
characteristics and mid-life multimorbidity in the 1970 British birth cohort and (3) to
compare the estimates of multimorbidity and the magnitude of associations across

the 1958 and 1970 British birth cohorts.

Key contributions: This study contributes to our understanding of population health
change (section 1.2.1) by focusing on multimorbidity, which is associated with
elevated risks of polypharmacy, complex health needs, healthcare utilisation and
costs. In addition, | attempted to identify modifiable early-life risk factors potentially
linked with multimorbidity, such as parental social class at birth, birthweight, BMI as
well as cognitive and emotional development. As proposed by the Department of
Health, these were identified due to being associated with a wide range of health
outcomes commonly included in the definition of multimorbidity. These variables are
believed to act at the origins of the morbidity process, hence they are particularly
important for prevention (see section 1.2.3). The study compares health outcomes in
mid-life across the birth cohorts, as it is a key life phase when preventative efforts

can be implemented to delay age-related health decline (see section 1.2.3).
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Chapter 5: Mental health morbidity from adolescence to early old age:

Evidence from the 1946, 1958 and 1970 British birth cohorts

Aim(s): (1) To investigate the age trajectory of mental health over time in three British
birth cohorts (1946 — NSHD, 1958 — NCDS and 1970 — BCS70), including—to the
best of my knowledge—the longest continuous follow up of this outcome within the
same individuals from age 36 to 69; (2) to examine cohort differences in mental
health across three representative British birth cohorts: 1946 (NSHD), 1958 (NCDS)

and 1970 (BCS70).

Key contributions: This study contributes to the theories of population health change
by investigating age and cohort effects in mental health (see sections 1.2.2). Mental
health morbidity has rarely been considered in the context of these theories. This is

despite mental health disorders increasing in prevalence over the last three decades

and being the leading cause of non-fatal disease burden.

Chapter 6: Inequality in hospitalisation due to non-communicable diseases in
Sweden: age-cohort analysis of the Uppsala Birth Cohort Multigenerational

Study

Aim: To examine cohort differences in age trajectories of hospitalisation due to non-

communicable conditions and if these varied by paternal socioeconomic position.

Key contributions: This research contributes to the literature by focusing on inpatient
hospital admissions, which indicate a direct demand on health services and can be
considered as a quasi-objective measure of severe morbidity burden (see section
1.2.1). Hospital admissions are also closely associated with other health measures,
such as self-reported health, as well as quality of life. Inpatient care constitutes one-

fourth of total health expenditure in Sweden, particularly due to cancer and heart
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disease. A large proportion of inpatient admissions, for conditions such as asthma or
diabetes, could be managed in primary care or community settings—which would
reduce the costs and improve effectiveness of healthcare. Hence, hospital
admissions are a particularly useful outcome to monitor over time. The national
registries allow setting up the data as an accelerated longitudinal design—which is a
gold standard for studying age and cohort effects (see section 1.2.2). Studying cohort
effects in age trajectories in admissions can help to project future demand and better
understand at what age these demands may be particularly increased. In addition, |
investigate changes over time in the socioeconomic inequality in hospitalisation,
which is a useful indicator of effectiveness of social policies leading to health equity

(see sections 1.2.2 and 1.2.4).
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Chapter 2: Post-war (1946-2017) population health change

in the United Kingdom: A systematic review

Chapter objectives:

To systematically review the evidence on secular trends in key chronic
conditions, disability and self-assessed general health among adults in the
United Kingdom, as reported in primary/secondary care databases and

population-based surveys conducted between 1946 and 2017.

Key findings:

There was no evidence for improvement in the age-standardised or age-
specific prevalence of any of the studied major chronic conditions over the last
few decades, apart from Alzheimer’s disease.

The evidence on trends in disability, expressed as prevalence or health
expectancy, was mixed, but also appeared to support the expansion of
morbidity theory among those aged 65 or over.

Evidence for trends in morbidity measures, particularly disability, in those aged

under 65 is lacking.
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2.1 Introduction

As elaborated in more detail in section 1.2.1, it is important to study trends in a range
of morbidity outcomes. In this review, | focus on hon-communicable conditions with
the greatest impact on overall ill-health, disability or early death. In addition, this
review considers trends in other morbidity outcomes, such as disability or functional
limitations and self-rated health. As mentioned in section 1.2.1, disability measures
are a good indicator for demand for rehabilitation, assistive technology and social
services related to personal assistance as well as for a better-adapted environment
(56). Self-reported general health is a strong predictor of mortality and disability even
while controlling for a range of objective health measures (57, 58) and it captures
various aspects of health—including morbidity as well as health awareness and
expectations (57, 58). Hence, this review will provide a holistic overview of trends in a
range of morbidity outcomes and help to identify gaps in the literature that are to
some extent addressed in this thesis and can be further investigated in future

research.

This review considered two sources of evidence that have been rarely investigated
simultaneously in the context of the theories of population health change: trends in
age-standardised or age-specific prevalence rates as well as in health expectancy
and total life expectancy (see Table 2.1 for interpretation). The most pessimistic
scenario, the expansion of morbidity theory, alludes that gains in unhealthy years are
greater than those in healthy ones (27). Hence, due to rising life expectancy, stable
or rising age-specific prevalence rates would lead to expansion. The theory of
expansion of morbidity will also be supported, if we observe an increase or no

change in age-specific/age-adjusted prevalence of morbidity between two different
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periods. Individuals born later are expected to live longer, hence if they experience
worse and or similar health at the same age (the average age of onset of morbidity is
not postponed), they are likely to spend more of their lifespan with morbidity. This
scenario can be assessed, for instance, by comparing morbidity across two birth
cohorts at overlapping age (e.g. at age 42 born in 1958 vs 1970 as in Chapter 4).
This is an indirect test of the expansion of morbidity, as it does not allow for the exact

estimation of the number of years spent with morbidity.

The most optimistic theory—compression of morbidity—states that health expectancy
is rising faster than total life expectancy; meaning that age-specific prevalence of
morbidity is declining over time (27). Hence, more recently born individuals would
need to experience better health than their earlier born counterparts when age
differences are accounted for. This would mean that the morbidity onset is delayed,
leading to a shorter lifespan with morbidity—under the condition that the delay is

substantial enough to offset rising life expectancy.

The third theory, dynamic equilibrium, proposes that there is an overall increase in
prevalence and years of morbidity, which however, has a mildly disabling effect (33).
Dynamic equilibrium also occurs when morbidity neither expands nor compresses as
both mortality and morbidity are postponed by an equal number of years (see Table

2.1) (33).

Without explicitly quantifying joint progress of health and life expectancy over time,
we are not able distinguish between compression of morbidity and dynamic
equilibrium scenarios. For instance, a modest improvement in the prevalence of age-
adjusted (or age-specific) morbidity over time, may lead to either compression of

morbidity or dynamic equilibrium depending on whether this improvement keeps up
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with (dynamic equilibrium) or exceeds (compression of morbidity) the decline in
mortality. For simplicity, decrease in age-adjusted (or age-specific) prevalence of
morbidity over time is considered as supportive evidence for compression of
morbidity. Hence, a somewhat strong assumption is made that the improvement in
age-adjusted (or age-specific) prevalence of morbidity over time is large enough to

offset the rise in life expectancy.

Interpreting evidence from the perspective of these theories helps to emphasise the
necessity to improve population health to compensate for the consequences of
increasing lifespan—since only reduction in morbidity over time can be considered as

a positive scenario for public health.

Table 2.1 Interpretation of findings in the context of the main theories of population health
change.

Study findings Interpretation
e Decrease in age-specific/age-adjusted prevalence of Compression of
morbidity morbidity
e Greater increase in health expectancy than in total life
expectancy
e Increase or no change in age-specific/age-adjusted Expansion of morbidity

prevalence of morbidity
e Greater increase in total life expectancy than in health
expectancy
e Increase or no change in age-specific/age-adjusted Dynamic equilibrium
prevalence of mild morbidity and decrease in age-
specific/age-adjusted prevalence of severe morbidity
¢ Equal increase in health expectancy and total life
expectancy

Overall, there is little consensus on which—if any—of these stylised scenarios best
describes recent trends and, it seems that much depends on the health conditions
used to operationalise morbidity. Two systematic reviews of this topic have been
conducted. One in the USA, which found overall declines in mild old-age disability

between 1990 and 2002, whereas conflicting findings were observed for more severe
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long-term disability (34). The second review was also limited to older population and
period between 1991 and 2011, but did not make any geographical restrictions (35).
It concluded that chronic morbidity measures tended to point towards expansion of
morbidity, whereas disability-related measures somewhat inconsistently produced
evidence for compression of morbidity (35). Other European studies investigating
trends in the last three decades have found evidence for all three scenarios:
compression in fair or poor self-perceived health (79, 80) and disability (81),
expansion of morbidity due to chronic diseases, moderate mobility limitation (82) and
mild disability (83, 84) and dynamic equilibrium in disability due to chronic morbidity
(85). Available non-systematic reviews of the evidence in the UK tend to emphasise
the inconclusive and scattered nature of the evidence (30, 36). The Global Burden of
Disease Study (GBD), using a vast array of data including both published literature
and primary sources, produced evidence supporting expansion of morbidity theory in
the UK (86, 87). It concluded that people spent more years in poor health in 2010
compared to 1990, as the number of years in good health increased to a lesser
extent compared to life expectancy at birth (86). This was mainly due to reductions in
age-specific mortality and largely unchanged prevalence of major health conditions
(weighted by an estimate of how disabling those were) (80). Nonetheless, the GBD
study included information on trends only from 1990 and provided little evidence on
health outcomes other than chronic conditions, such as self-rated general health or

disability.

Hence, | aimed to systematically review the evidence on trends in multiple health
outcomes—expressed as prevalence rates and health expectancy—including main
chronic conditions as well as disability and self-reported general health among adults

in the UK during the period of 1946-2017. This would provide a holistic picture of
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population health trends in the UK and further our understanding of the
inconsistencies in the evidence. This review included information from both
primary/secondary care databases and population-based surveys, which have
different strengths and sources of bias. For instance, routinely collected data may be
more sensitive to introduction of screening programmes or changes over time in
health awareness, as they rely on the subpopulation presented to health services.
Whereas population-based surveys may mitigate this bias by studying the same, pre-
defined population over time. On the other hand, population-based surveys are likely
to have data available in sporadic points in time, compared with routinely collected
data that have yearly information. Triangulation of information from these sources
allowed for attaining more reliable evidence on population health trends (88). This
review also includes a wider period of time (1946-2017) than the previous reviews,

considering long-lasting population health changes that have taken place in the UK
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2.2 Methods

2.2.1 Search strategy and selection criteria

In order to evaluate post-war trends in morbidity among adults (16 years old or older),
two types of primary outcomes were retrieved: (1) estimates of trends in age-specific
or age-standardised prevalence of major chronic non-communicable conditions,
disability and self-reported general health and (2) estimates of trends in health
expectancy—which were not defined based on any specific health measure due to

an overall small number of studies estimating health expectancy.

Studies including an estimate of prevalence of morbidity (or health expectancy) at
one time point were not included. This was due to a large volume of such evidence,
which would make this review infeasible due to available resources. For instance, not
adding key terms for “trend” in the search strategy resulted in over 100.000
potentially relevant studies indicated by the search engines. In addition, the
manuscripts rarely provided enough details on the methodology (e.g. age structure of
the sample, measures of morbidity) to assess the comparability of the studies, which
provided estimates at one time point. Whereas the comparability of methodology

tended to be well-described in studies investigating trends in morbidity over time.

In addition, studies of trends in incidence were retrieved as a secondary outcome.
They, however, did not provide direct evidence on the theories of population health
change but may help to explain current and predict future, trends in prevalence (see
Appendix 1A for a brief summary of the evidence on incidence). In the current study,
morbidity was defined as (1) chronic morbidity (i.e. a persistent condition or otherwise
long-lasting in its effects), (2) disability and (3) self-reported poor health. Additionally,

studies using a question on limiting longstanding illness or disability were included,



as they are typically used in health expectancy estimates. The review focused on
major contributors to chronic morbidity, accounting for at least 1% of disability-
adjusted years of life (DALYS) in the UK from non-communicable diseases (84):
coronary heart disease, stroke, chronic obstructive pulmonary disease, asthma,
diabetes, Alzheimer’s disease migraine, cirrhosis, musculoskeletal pain. Colorectal
and breast cancer, as well as osteoarthritis, were also included, however studies of

trends in prevalence have not been found.

The included disability measures followed a wide definition of disability by the World
Health Organisation, which covers impairments (i.e. a problem in body function or
structure) and activity limitations (a difficulty in executing a task or action) (55).
Indicators of disability included: activities of daily living (ADLS), often considered as
severe disability (e.g. difficulties with bathing) and instrumental activities of daily living
(IADLs), an indicator of mild disability (e.g. difficulties with shopping) (55). Measures
of self-reported general health were also included as they have been found
particularly useful for population health monitoring due to being highly predictive of

mortality and use of health services (89).
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| conducted separate searches for studies of health expectancy and
incidence/prevalence (example in Table 2.2). In addition, reference lists of all
included studies, Google Scholar and OpenGrey Repository were screened to
identify any other eligible research. The study protocol was registered with the
International Prospective Register of Systematic Reviews (PROSPERO) (registration

number: CRD42017069291).

2.2.2 Data collection

Titles and abstracts were screened independently by two reviewers (DG & KN)
according to exclusion/inclusion criteria. To meet the inclusion criteria, studies (1)
drew on population-based probability samples (having longitudinal or cross-sectional

design) or primary/secondary care databases and other routinely collected data, (2)

Table 2.2 The search strategy in OvidSP (including EMBASE AND MEDLINE).

Search structure for studies capturing trends in the prevalence/incidence

Concept Trends Health indicators Study design
Examples of | change in self-rated health cohort* OR
key words incidence OR OR SRH OR prospective OR
change in AND | stroke AND | retrospective OR
prevalence OR panel
trends in
incidence
Search structure for studies capturing trends in the health expectancy
Concept Trends Health expectancy
Examples of | increase* OR rise* OR AND | health* life expectanc* OR health
key words gain* OR difference* expectancy OR active life expectanc*
Searched abstracts, key words, titles, text word, keyword heading word
fields
Limits 13+; English only; Article only, human only, removed duplicates
applied
Truncation ‘root word*': captures alternative word endings
command
used

To note. Searches were conducted in MEDLINE (from 1946), EMBASE (1980-2017) and
EMBASE Classic (1947-1973) via OvidSP interface and Web of Science (from 1946).

An asterisk (*) was used to truncate search terms.
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were conducted in the UK and (3) were published in English. Studies providing
estimates of incidence/prevalence at a single point in time were excluded. Full texts
were retrieved for all citations that were included by either reviewer and their eligibility
was also assessed by two reviewers (DG & KN). Any disagreements were resolved
by discussion. Subsequently, | extracted the key information from all publications. In
addition, the information from 20% of all the publications was extracted by the second

reviewer (KN) to ensure reliability and discrepancies were discussed.

2.2.3 Risk of bias assessment

Two reviewers independently assessed the risk of bias within all sources of data
according to the criteria broadly based on the Newcastle-Ottawa Quality Assessment
Scale (Appendix 1B) (90). These criteria included: (1) sample being representative of
the UK population; (2) high validity and reliability of outcome assessment; (3)
consistency in methodology over time. Other potential biases—not related to the data
source itself—were discussed in relation to each outcome. An example could be
ascertainment bias resulting from the introduction of screening programmes. The
evidence was considered of high quality (free of major biases) if all three criteria were
met, two met criteria indicated moderate quality and evidence with one or none met
criterion was considered of low quality. Tables 2.3 — 2.4 indicate data sources used
for each outcome as well as overall quality of body of evidence. The detailed

assessment of quality of each data source can be found in Appendices 1C — 1E.

2.2.4 Synthesis of evidence

Meta-analysis of trends or cumulative reporting of year-by-year estimates were not

feasible due to vast differences across studies in reporting of the estimates (e.g.
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prevalence rates per 100,000 person years at risk, estimates of proportion of the
population who have the condition, annual % change over the studied period), as
well as in definition of health outcomes and lack of information on year-by-year
estimates. Hence, this review reports on consistency in the overall trends across
studies, focusing on the comparability of methodology over time. The evidence is
summarised narratively and the estimates of trends are provided throughout the
study from the data sources of the highest quality. Findings are reported separately
for periods 1950s-1990s and 1990s-2010s as well as for each morbidity outcome,

either based on health expectancy or prevalence. A majority of the studies provided

age-standardised estimates for entire adult population (“All” in Age column of Tables

2.3 - 2.4) or older individuals (65 years old or older)—hence reporting of the results

focused on those two age groups.

is
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2.3 Results

2.3.1 Study selection

The literature searches identified 6141 publications examining trends in prevalence
and incidence and 2186 for trends in health expectancy (see Figure 2.1). After
removing duplicates and studies conducted outside of the UK, the initial screening of
tittes and abstracts was conducted by two reviewers—reaching a high agreement
(Kappa=0.78). This narrowed the number of full texts for retrieval to 65 for
prevalence/incidence and 56 for health expectancy. These papers were assessed for
eligibility by two reviewers (Kappa=0.69), the main reason for exclusion was
ineligibility of the outcome. Twenty papers reported incidence trends exclusively and
were excluded at this stage. After inclusion of papers from other sources (see Figure
2.1), the total sample included 39 studies reporting trends in prevalence and 15 in

health expectancy.



Trends in incidence/prevalence

Results of database search (n=6141)

Trends in health expectancy

Non-UK studies and duplicates removed
(n=5318)

Excluded due to:

- non-adult population (n=51)

- not outcome of interes 62)

- incidence/prevalence measured at a single
time point (n=11)

- ineligible study type (n=18)

- ineligible population (n=16)

Full-texts ass

Excluded due to:

- not outcome of interest (n=19)

- incidence/prevalence measured at a single
time point (n=4)

- ineligible study type (n=6)

- full texts not available (n=2)

Secondary outcome (including additional
sources):

Trends in incidence (n=36)

Sources of additional studies:

- Google Scholar (n=10)
- references of included studies (n=14)
- from other reviews

sment (n=65)

Final sample*

Trends in prevalence (n=39)

Screening titles

Non-UK studies and duplicates removed
(n=1640)

Sources of additional studies:
- Google Sc
- from experts

Final sample*

Trends in health expectancy (n=15)

Excluded due to:

- non-adult population (n:

- not outcome of inte )

- health expectancy measured at a single
time point (n=52)

- ineligible study type (n=78)

- ineligible population (

Excluded due to:

- not outcome of interest (n=14)

- health expectancy measured at a single
time point (n=11)

- ineligible study type (n=

- duplicates (n=11)

- full text not available (n=1)

Figure 2.1 Flow chart for selection of papers and sources included in the review.

*One study reported both prevalence and health expectancy.
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2.3.2 Period 1950s - 1990s

The trends in prevalence of chronic morbidity clearly support the expansion of
morbidity scenario for the period of 1970s-1990s, across all ages and genders. There
was evidence pointing towards expansion in coronary heart disease occurring from
as early as 1950s (see Table 2.3). Similarly, the evidence consistently shows
expansion in limiting longstanding morbidity (including iliness or disability), self-
reported general health expressed as health expectancy at birth and among older
people for the period of 1970s-1990s and of more severe disability (with stable
prevalence trends) between early-1980s and mid-1990s (see Table 2.3). However,
there is some evidence that more severe disability may have declined among the
oldest participants (75 or older) between early-1980s and mid-1990s, supporting

compression of morbidity for that period (see Tables 2.3 - 2.4).

2.3.2.1 Chronic morbidity

All included studies for this period reported trends in prevalence rates of chronic
morbidity (none in health expectancy). Studied chronic conditions were coronary
heart disease, stroke, musculoskeletal pain and diabetes. The National Morbidity
Survey, including a representative sample of General Practitioners (GPs), reported
increasing prevalence of angina from mid-1950s to 1990s, particularly among those
aged 65 or older (e.qg. it increased by 128% for the period of 1972-1992) and of
stroke between 1971 and 1991 in all age and genders (increased by 40%) (91). The
overall trends in the prevalence of myocardial infarction were inconsistent:
prevalence rates increased slightly between 1971 and 1981 (by 15%) and
subsequently fell between 1981 and 1991 (by 31%) (91). One study also reported a
higher point prevalence of self-reported musculoskeletal pain (e.g. cervical, dorsal) in
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1994-95 compared with 1956-58 (92). However, representativeness of the study was
limited to a small north-eastern region of England and the measure of
musculoskeletal pain as well as demographic characteristics somewhat varied
between the surveys (92). In another study—representative for the population and
with identical methodology over time—gender- and age-standardised prevalence of
self-reported back pain (lasting for at least 24 hours in previous 12 months)
increased between 1987-8 and 1997-8 (by 12% in absolute terms) (93). However,
severe back pain (self-reported ability to put on hosiery) fell minimally—by 0.7% (-
0.1%, 1.5%) among 29-59-year-olds (93). The increase in age- and gender-
standardised prevalence was also seen in diabetes between 1978 and 1996 in two
large surveys conducted in primary care practices (94, 95). According to the British
Regional Heart Study, which is a representative cohort of 7722 British men aged 40-
59, the annual age-adjusted rate of diabetes rose by 4.3% (0.4%, 8.2%) in the period
of 1978-1985 and 5.5% (3.0%, 8.1%) in the period of 1985-1992 (95). In the same
study, the lifetime prevalence of coronary heart disease stayed stable in the period of
1978-1985 and increased (annual % change in odds: 1.9%, 0.5% to 3.3%) in 1985-
1992 (96).

2.3.2.2 Limiting longstanding morbidity

The proportion of older individuals (age 60-89) reporting a limiting longstanding
iliness, disability or infirmity in the General Household Survey increased from late-
1970s until late 1980s and tailed off in the 1990s—averaging at 42% (97). Due to
rising life expectancy, this resulted in an increase of over three years in life
expectancy with limiting long-term ill-health (98). A greater increase in life expectancy

than the total number of years without a limiting long-standing illness or disability was
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also seen in other studies for overlapping periods, both at birth and at age 65 or over
(99-101).

2.3.2.3 Disability

The analysis of the General Household Survey showed largely stable rates in ADLs
(i.e. self-reported ability to independently bath, shower or wash all over) and mobility
measures (i.e. self-reported ability to manage stairs and steps)—among aged 75 or
older—between 1980 and 1994 (97, 98). However, there was evidence for reductions
in disability among participants 85 years old or older, particularly among men (97,
98). For instance, 18% of men reported one or more ADLSs in 1994 compared with
31% in 1980 (98). The increase in health expectancy was comparable with the total
life expectancy—hence the overall number of years expected to be lived with
disability remained stable (98). A repeated cross-sectional survey including only 75
years old or older population of Melton Mowbray (Leicestershire, UK), also found a
decrease in age-adjusted prevalence of most ADLSs (i.e. getting in and out of bed/a
chair, dressing, getting to and from the toilet, bathing) between 1981 and 1988 (102).

However, the study may not be representative of the UK population.

2.3.2.4 Self-rated general health

Life expectancy increased more than health expectancy with self-rated “good” or
“fairly good” health—by 0.4 years—for those aged 65 for the period between 1981
and 1995 (99). Likewise, more recently born cohorts had a greater proportion of
elderly people who rated their health as “less than good” between 1981 and 1988
(e.g. by 17% among those aged 75-81) (103). The estimates were also robust due to
effects of migration over time (103). Similar results were found for the period of 1981-

1995 for health expectancy at birth, when the expected number of years lived in poor
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health increased by 1.3 years (99) and for 1994-1999 among individuals aged 15—

with the increase by 0.9 years (104).

2.3.3 Period 1990s — 2010s

The trends in chronic morbidity consistently pointed towards expansion of morbidity
across all ages, with rising prevalence in all studied conditions except for dementias,
especially Alzheimer’s disease (decreasing trend in prevalence in 1990-2010) and
coronary heart disease (stable in 2000-2010) (see Table 2.3 and Fig 2.2). The
expansion of morbidity was apparent due to long-standing illness or disability (as a
self-reported one item indicator)—particularly among those aged 65 or older, where
increase in health expectancy did not compensate for the increase in total life
expectancy. Overall, expansion of morbidity in disability was also more apparent
among older population (65 years old or older), however there was a considerable
inconsistency in the evidence, with trends varying depending on specific measures
used. Studies on disability trends among younger population were lacking. There
was a clear trend for expansion of morbidity in self-reported general health for the
entire period and across all ages and genders. Finally, the evidence appears to
support compression of morbidity for cognitive impairment among women (but

expansion among men).
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Self-rated health
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PANEL B
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Figure 2.2 Summary of the evidence for the period (1990 — 2010), for those aged 16-64

(Panel A) and 65 or older (Panel B).
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*Each bar indicates compression/dynamic equilibrium/expansion of morbidity in a given health

condition for either men or women. Darker shades represent high confidence in findings, with

evidence being consistent and of high quality (see Tables 2.3 — 2.4). Lighter shades represent

inconsistent evidence or of low quality.
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2.3.3.1 Chronic morbidity

All included studies reported trends in prevalence rates, rather than in health
expectancy. Chronic conditions found for this period were coronary heart disease,
stroke, lung cancer, COPD, asthma, Alzheimer’s disease and other dementias,

migraine, cirrhosis, low back pain and diabetes.

According to the British Regional Heart Study, the age-standardised prevalence of
coronary heart disease declined minimally (the trend was not statistically significant)
among 40-59-year-old men in the period 1992-1996 (annual % change in odds: -
1.4%, -3.0% to 0.2%) (96). High-quality evidence—based on large primary/secondary
care databases and population-based surveys, with consistent methodology over
time—indicated increasing age-standardised prevalence rates between mid-1990s
and mid-2000s in all ages and genders for coronary heart disease (91, 105-107),
stroke (91, 107-109) and diabetes (94, 95, 110-118). Based on large primary care
databases—the Health Improvement Network (THIN) and the General Practice
Research Database (GPRD)—average percentage change in age-standardised
prevalence of coronary heart disease increased by 1.5% for the period 1996-2005
(105); unstandardised stroke prevalence increased by 13%, from 6.40/1000 in 1999
to 7.20/1000 in 2008 (109); and crude prevalence of diabetes prevalence increased
from 2.8% in 1996 to 4.3% in 2005 (age- and gender-standardisation did not make a

substantial difference) (111).

More recently, studies of trends in coronary heart disease between early-2000s and
early-2010s, based on both general practice records (the Quality and Outcomes
Framework) and population-representative annual cross-sectional surveys (the

National Health Surveys and the General Household Survey), concluded that the

61



prevalence of coronary heart disease remained largely stable (91, 96, 105, 106, 119),
whereas rates of stroke (119) and diabetes (64) increased respectively by 13% and

123% in relative terms.

Similarly, high-quality evidence, based both on primary/secondary databases and
population-based surveys, indicated an increase in prevalence of chronic respiratory
diseases (asthma and chronic obstructive pulmonary disease) from early-1990s to
mid-2000s (112, 120-123). For instance, according to the QRESEARCH, there was a
relative increase in the standardised prevalence of COPD (by 24%) and of asthma
(by 20%) between 2001 and 2005 (122, 123). The British Household Panel Survey
(BHPS) also reported an increase in self-reported migraine between 1991 and 1998
in both men and women across most of the age groups, particularly 65 or older (112).
A study using THIN showed that age- and gender-standardised prevalence rates of
lung cancer rose by 23% between 2004 and 2012, mainly due to increases among
women (124). | found two high-quality prospective longitudinal studies, the English
Longitudinal Study of Ageing (ELSA) and the Medical Research Council Cognitive
Function and Ageing Studies (MRC CFAS | and Il), both representative of the older
population, aged 50 or older and 65 or older respectively (125, 126). Both studies
showed a relative decrease in age and gender-standardised prevalence of dementia

by 30% for the period of 2002/3-2012/3 and by 40% for 1989-2011 (125, 126).

2.3.3.2 Limiting longstanding morbidity

Large population-based surveys, representative for the UK population and with
consistent methodology over time (GHS/GLS, the Integrated Household Survey,
Continuous Household Survey and the UK census data), all found that the total life

expectancy has increased by a greater number of years than life expectancy without
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a limiting longstanding illness or disability at age 65 or older for the period between
early-1990s and early-2010s (127-129). For instance, estimates based on the
National Census showed an increase of 0.4 years for 85-year-olds between 1991
and 2001 (129). However, there is some evidence that between 2002 and 2012,
those born after 1924 experienced lower odds of having a long-standing illness,
disability or infirmity, whereas the prevalence was stable for women (130). However,
among people who reported longstanding morbidity, the number of disabilities
increased (e.g. mobility, manual dexterity) for each successive cohort (incidence rate

ratio 1.03), suggesting greater severity of morbidity (130).

The findings for trends at younger ages were inconsistent, however overall pointing
towards a greater increase in total life expectancy than health expectancy. Wohland
and colleagues (129) found total life expectancy increased by 1.3 years more than
health expectancy in the period of 1991-2001. Similar findings were obtained for the
period of 2001-2011, based on the UK National Census data from London only
(expansion of morbidity by 1.7 years) (131). On the contrary, estimates based on the
GHS/GLS showed a greater increase in health expectancy than total life
expectancy—for men only (with no difference among women)—in the period of 2000-
2011 (by 0.9 years) (127, 128). Finally, a study based on repeated annual cross-
sections of the Health Survey for England from 1991 to 2014 (participants aged 25-

64), found an equal increase in health expectancy and total life expectancy (107).

2.3.3.3 Disability

There was an increase of 2.5 years with self-reported ADLs (e.g. putting on shoes
and socks) and IADLs (e.g. shopping) in the period of 1991-2011 among 65-year-

olds (132). The findings were somewhat mixed among studies that provided age-
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standardised prevalence rates. These inconsistencies were found despite
overlapping study periods, comparable populations and definitions of disability. The
analysis of the Health Survey for England indicated increasing rates of severe
disability (e.g. washing/bathing, dressing) among 65-year-olds, up from 13.5% in
1995 to 15.3% in 2001 (114). By contrast, the results from the General Household
Survey indicated a decline in severe disability rates among people aged 65 and over,
from 21% in 1994-95 to 18% in 2001-2 (114). The reasons for the diverging results
are not clear. In studies with multiple indicators of disability, the trends were also
mixed—regardless of severity of disability or type of activity. For instance, a repeated
cross-sectional study in England, conducted between 1998 and 2008, found
reductions in gender-standardised disability rates among those aged 75 or older in
outdoor mobility, washing difficulty, ability to prepare a meal, joint pain and requiring
help with nail care, whereas differences were not found in dressing difficulty, indoor
mobility and prevalence of falls (133). Similarly, a study using the HSE—conducted
among individuals 65 years old or older in 1992-2007—found decreasing age-
adjusted prevalence in usual activities, stable rates in limitations in self-care activities
and increasing rates in limitations in walking 200 yards and climbing stairs (134).
Chatterji and colleagues found a declining proportion of people aged 50-75, but not
75 or older, with severe disability (ADLS) in 2002-2008 (35). Whereas the proportion
of individuals with mild disability (IADLs) increased over the period across all ages,
with a sharper rise among 75-year-olds or older (35). In the only study with a younger
population, a greater proportion of 25-year-olds or older reported problems or

disability related to arms, legs, hands, feet, back or neck (112).

64



2.3.3.4 Self-rated general health

The findings somewhat consistently showed that life expectancy increased more than
expected years with self-reported “good” health for those aged 65 for the period
between early-1990s and mid-2010s (by 0.6 years) (127, 132). Similar findings were
obtained for individuals at age 15 in 1994-1999—with a greater increase in life
expectancy than health expectancy by 0.9 years (104). Contradictory findings were
produced by a study using the GHS/GLS, which showed that years from birth with
self-rated good health increased by 1.3 years more than total life expectancy in 2000-
11 (127). However, the response option changed during the observation period,
hence the reliability of the findings is questionable (127). The inconsistencies in the
methodology were accounted for statistically in another study, which focused on
England only and included a longer observation period (2000-2014) (135). The study
showed that total life expectancy increased more at birth than years with self-rated
good health by 0.9 years (135). A greater increase in total life expectancy than health
expectancy was also found by Jivraj and colleagues, for the period of 1991-2014

among participants aged 25-64 (107).

2.3.3.5 Measures of cognition

A study estimating health expectancy without cognitive impairment between 1991
and 2011 at age 65 found that health expectancy increased more than total life
expectancy among women (by 0.8 years) (132). Whereas for men, the number of
years without cognitive-impairment lagged behind increase in life expectancy (by 0.3

years) (132).
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Table 2.3 The characteristics of evidence on prevalence of each health outcome, with the emphasis on size, consistency and quality.

Health outcome and data source Period Age Conclusion & Overall quality of evidence t t
(n studies)t (range) consistency of

findings on trends
Coronary heart disease (n=6): 1955-6-  All Expansion for the entire  High
QOF (n=1)119 2013-4 period (mixed findings  + representative of the population;
HSE/S (n=2)©® 119 on trends: stable or + low risk of bias related to outcome assessment, combination of both
GLS/GHS (n=1)419 increasing prevalence)  self-reports and linkage of medical records;
National Morbidity Survey (n=1)®v + highly comparable methodology over time;
BRHS (n=1)©® = lack of strong evidence on other biases
CMR (n=1)0®
THIN (n=1)2%9
MRC CFAS (n=1)10®)
Stroke (n=4): 1970-1-  All Expansion for the entire  High
QOF (n=1)119 2013-4 period (mixed findings  + representative of the population;

HSE/S (n=2)CL 119

GLS/GHS (n=1)19

National Morbidity Survey (n=1)®Y
MRC CFAS (n=1)10®)

GPRD (n=1)109

on trends: stable or
increasing prevalence)

+ low risk of bias related to outcome assessment combination of both
self-reports and linkage of medical records;

+ highly comparable methodology;

= lack of strong evidence on other biases
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Table 2.3 (cont.) The characteristics of evidence on prevalence of each health outcome, with the emphasis on size, consistency and quality.

Health outcome and data source Period Age Conclusion & Overall quality of evidence t t
(n studies)t (range) consistency of results
Lung cancer (n=1): 2004- All Expansion for the entire  High
THIN (n=1)@24 2012 period (consistent + representative of the population;
findings on trends: + low risk of bias related to outcome assessment, based on linkage of
increase in prevalence) medical records;
+ highly comparable methodology;
= lack of strong evidence on other biases
COPD (n=2): 1990- All Expansion for the entire Low
QRESEARCH (n=1)#2® 2005 period (consistent + representative of the population;
GPRD (n=1)®20 findings on trends: + low risk of bias related to outcome assessment, linkage of medical
increase in prevalence) records; however spirometry data not available for checking reliability
of diagnoses
= no information on comparability of methodology over time;
- possible ascertainment bias due to introduced incentives to create
and maintain a registry of patients with COPD
Asthma (n=3): 1990- 15+ Expansion for the entire Low
QRESEARCH (n=1)#2? 2005 period (consistent + representative of the population;

GPRD (n=1)2
BHPS (n=1) 2

findings on trends:
increase in prevalence)

+ low risk of bias related to outcome assessment, based on linkage of
medical records; however spirometry data not available for checking
reliability of diagnoses

= no information on comparability of methodology over time;

- publicity and awareness campaigns on asthma in the lay and
medical arenas and diagnostic bias, might play a role in the reported
increase in asthma prevalence
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Table 2.3 (cont.) The characteristics of evidence on prevalence of each health outcome, with the emphasis on size, consistency and quality.

Health outcome and data source Period Age Conclusion & Overall quality of evidence t t
(n studies)t (range) consistency of results
Alzheimer’s disease/other dementias  1989- 50+ Compression for the High
(n=2): 2013 entire period + representative of older population;
MRC CFAS (n=1)12% (consistent findings on  + low risk of bias related to outcome assessment, based on cognitive
ELSA (n=1)12 trends: decrease in assessment;
prevalence) + highly comparable methodology over time;
= possible non-response bias, however, it was addressed by
sensitivity analyses
= lack of strong evidence on other biases
Migraine (n=1) 1991 - All Expansion (increase in  Low
BHPS (n=1)*12 1998 prevalence) + representative of the population;
- no detailed information on the outcome assessment, based on self-
reports;
= no information on comparability of the methodology over time
= lack of strong evidence on other biases
Cirrhosis (n=1): 1992 - 25+ Expansion (increase in  Moderate
GPRD (n=1)"%% 2001 prevalence) + representative of the population;
+ no information on the outcome assessment, based on linkage of
medical records;
= no information on comparability of the methodology over time
= lack of strong evidence on other biases
Low back pain (n=2): 1956 - 18-64 Expansion for the entire Low
Arthritis Research Campaign (n=1)®?  1997-8 period (consistent - representativeness limited to the northwest region of England;

Randomly selected from lists of GPs
(n=1)®

findings: increase in
prevalence of less
disabling back pain, no
difference in
prevalence of more
disabling back pain)

- no information on possible biases due to outcome assessment,
based on self-reports;

- changes to mode of data collection and definitions of the outcome;
= lack of strong evidence on other biases
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Table 2.3 (cont.) The characteristics of evidence on prevalence of each health outcome, with the emphasis on size, consistency and quality.

Health outcome and data source Period Age Conclusion & Overall quality of evidence t t

(n studies)t (range) consistency of results

Diabetes (n=13): 1979- All Expansion for the entire  High

MRC CFAS (n=1)10® 1984 period (consistent + representative of the population;

DIN (n=1)1% 2013 findings on trends: + low risk of bias related to outcome assessment, combination of

DARTS (n=1)9 increase in prevalence) both self-reports and linkage of medical records;

Routine hospital data (Cardiff/Vale of + highly comparable methodology over time;

Glamorgan) (n=1)119 = lowered criteria for diagnosis of diabetes by fasting plasma glucose

Hospital diabetes register (n=1)©% values from 27.8 to 7.0 mmol/l in 2000, however, the rate of increase

THIN (n=2)®4 111 in incidence is similar before and after 1999;

GPRD (n=1)1" = possible ascertainment bias due to, introduction of incentives for

HSE/S (n=6)113 114, 118,137) general practitioners to better detect cases (the Quality and

BRHS (n=1)(95) Outcomes Framework in 2004), however sensitivity analyses

GLS (n=1)114 showed little impact and the increase too large to be explained solely
by ascertainment bias

Self-rated general health (n=2): 1981- 75+ Expansion (increase in  Low

BHPS (n=1)**2 2008 prevalence) + representative of the population;

General practices in Leicestershire
(n=1)103

= no detailed information on the outcome assessment;
= no information on comparability of the methodology over time
= lack of evidence on other biases

69



Table 2.3 (cont.) The characteristics of evidence on prevalence of each health outcome, with the emphasis on size, consistency and quality.

Health outcome and data source Period Age Conclusion & Overall quality of evidence t t

(n studies)t (range) consistency of results

Disability (n=7): 1979- 50+ Expansion in 1979- High

MRC CFAS (n=1)1®) 2012 1994 (consistent + representative of the population;

ELSA (n=1)®% findings on trends: + low risk of bias related to outcome assessment, based on self-
General practices in Gloucestershire stable prevalence) reports;

(n=1)133 + highly comparable methodology over time;

General practices in Leicestershire Expansion in 1994- = lack of evidence on other biases

(n=1)102) 2012 (mixed findings

GHS (n=2)¢7. 114 on trends)

Family Resource Survey (n=1)9
HSE (n=2)(114, 134)

Note. QOF = Quality and Outcomes Framework; HSE/S = Health Survey for England/Scotland; GHS/GLS = General Household Survey/General Lifestyle
Survey; BRHS = British Regional Heart Study; CMR = Continuous morbidity recording project; THIN = The Health Improvement Network; MRC CFAS =
Medical Research Council Cognitive Function and Ageing Studies; GPRD = General Practice Research Database; COPD = chronic obstructive pulmonary
disease; UK = United Kingdom; ELSA = English Longitudinal Study of Ageing; BHPS = British Household Panel Survey; GP = General Practice; DIN =
Doctors’ Independent Network; DARTS = Diabetes Audit and Research in Tayside.

T Some studies included more than one data source.

11 Quality criteria were representativeness of the sample of the UK population; risk of bias due to outcome assessment; comparability of the methodology
over time; other biases affecting comparability of trends. Meeting three criteria indicates high quality of evidence, 2 moderate, 1/0 low quality of evidence (high
risk of bias in comparability of trends),

“+” = no risk of bias

“-“ = risk of bias

“=” = no information on risk of bias

*There were no studies estimating trends in prevalence of other health outcomes meeting inclusion criteria: other musculoskeletal disorders, neck pain,
colorectal cancer, breast cancer, osteoarthritis.
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Table 2.4 The characteristics of evidence on health expectancy, with the emphasis on size, consistency and quality.

Health outcome and data source Period Age Conclusion & Overall quality of evidence t t
(n studies)t (range) consistency of results
Limiting long-standing illness or 1976 - All At birth: Expansion in High
disability (n=10): 2014 1976-1995; expansion  + representative of the population (includes institutionalised
GHS/GLS (n=7)(8-101, 107, 127, 128) in 2001-2014 population);
UK Census (n=2)129.131) (consistent) + low risk of bias related to outcome assessment;
MRC CFAS (n=1)!32 + consistent methodology over time;
Age 65/85: Expansion = lack of evidence on other biases.
for the entire period
(consistent)
Self-rated general health (n=6): 1981 - 0, 15, At birth/15: Expansion High
HSE (n=1)104 2014 65,85 in 1981-1999 + representative of the population (includes institutionalised
MRC CFAS (n=1)13%2 (consistent); expansion  population);
GHS/GLS (n=4)©9. 107,127, 138) in 2000-2011 + low risk of bias related to outcome assessment;
(inconsistent) + consistent methodology over time;
= lack of evidence on other biases.
Age 65/85:; Expansion
for the entire period
(consistent)
Disability (n=2): 1985 - 65+ 1980-1994: High
GHS/GLS (n=1)©®® 2011 Compression among + representative of the population (includes institutionalised
MRC CFAS (n=1)132 75-year-olds or older population);

1991-2011: Expansion
among 65-year-olds or
older

+ low risk of bias related to outcome assessment;
+ consistent methodology over time;
= lack of evidence on other biases.
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Table 2.4 (cont.) The characteristics of evidence on health expectancy, with the emphasis on size, consistency and quality.

Health outcome and data source Period Age Conclusion & Overall quality of evidence t t

(n studies)t (range) consistency of results

Measures of cognition (n=1): 1991- 65+ Compression of High

MRC CFAS (n=1)13%2 2011 morbidity for women + representative of the population (includes institutionalised

and expansion for men  population);
+ low risk of bias related to outcome assessment, based on
cognitive assessment;
+ consistent methodology over time;
= lack of evidence on other biases.

Summary health variable (n=1): 1991- 20-80 Expansion of morbidity  Low

BHPS (n=1)**2 1998 for all ages + representative of the population;
= no detailed information on the outcome assessment;
= no information on comparability of the methodology over time;
= lack of evidence on other biases.

Other health outcomes (n=1): 1991- 25-64 Expansion of morbidity ~ High
HSE (n=1)10" 2014 for all ages + representative of the population (includes institutionalised
population);

+ low risk of bias related to outcome assessment, based on
cognitive assessment;

+ consistent methodology over time;

= |lack of evidence on other biases.

Note. GHS/GLS = General Household Survey/General Lifestyle Survey; UK = United Kingdom; MRC CFAS = Medical Research Council Cognitive
Function and Ageing Studies; ADL = activities of daily living; HLE = healthy life expectancy; TLE = total life expectancy; QUALY = quality-adjusted life-
year; BHPS = British Household Panel Survey; HSE = Health Survey for England.

T Some studies included more than one data source.

T1 Quality criteria were representativeness of the sample of the UK population; risk of bias due to outcome assessment; comparability of the methodology
over time; other biases affecting comparability of trends. Meeting 3 criteria indicates high quality of evidence, 2 moderate, 1/0 low quality of evidence
(high risk of bias in comparability of trends).

“+” = no risk of bias

“-* = risk of bias

“=" = no information on risk of bias



2.4 Discussion

2.4.1 Summary of findings

This is the first systematic review of evidence on the joint progress of health and
mortality in the UK. | assessed trends in morbidity, based on large population-based
surveys and primary/secondary care databases or other routinely collected data. The
trends in the prevalence of chronic morbidity support the expansion of morbidity
scenario for the entire period of 1970s to mid-2010s across all ages, with some
evidence pointing towards expansion in coronary heart disease occurring already
from the 1950s. Rising prevalence was observed in all studied conditions except for
coronary heart disease that appears to have been stable in the period of 2000s-
2010s (still supporting the expansion of morbidity scenario) and Alzheimer’s disease
and other dementias (1989-2013)—reflecting compression of morbidity in severe
cognitive impairment (particularly among women) (132). Likewise, the evidence
consistently points towards expansion in limiting longstanding morbidity (including
illness or disability) and self-reported general health, when life expectancy is
considered both at birth and at older people, for the period of 1980s-2010s. An
increase in health expectancy based on those measures lagged behind the rise in
total life expectancy, hence supporting expansion of morbidity. The evidence based
on measures of disability, such as daily activities (e.g. mobility, self-care) was
inconsistent. It appears that there was expansion of morbidity in severe disability
(with stable prevalence trends) between the early-1980s and mid-1990s. Overall,
expansion of morbidity in disability among the older population appears to be the
more likely scenario in the period 1990s-2010s. The evidence on disability measures

at younger age is lacking, with one study pointing towards expansion of morbidity.
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2.4.2 Comparison with other evidence

Findings from this review were largely consistent with the Global Burden of Disease
(GBD) study, which is currently the most comprehensive research project, with over
1,800 researchers from 127 countries, looking at worldwide secular trends in various
morbidity outcomes (84). This review, in line with the GBD study, found supportive
evidence for expansion of morbidity for diabetes, lung cancer, stroke, asthma,
chronic obstructive pulmonary disease and migraine (86, 87). Inconsistencies were
found for Alzheimer’s and other dementias as the GBD found no difference in
prevalence rates over time (expansion of morbidity), while studies included in this
review suggested a decrease (compression of morbidity) (86, 87). This, however,
may be due to the different age distribution of the sample (all vs 50-year-olds or
older) and definition of caseness. As far as coronary heart disease is concerned, the
GBD found no difference among women (expansion of morbidity) and decrease
among men (compression of morbidity) over time, whereas this review suggested an
increase in both genders (expansion of morbidity). Overall, findings of this review
seem to be consistent with the GBD study, which found that health expectancy—
based on the overall prevalence of a range of health outcomes multiplied by disability
weights—has increased to a lesser extent than total life expectancy (3.2 vs 4.2 years)
(86). This finding holds for all EU15+ countries, although the difference between the
increase in life expectancy at birth and health expectancy varied from 0.5 years in
Greece to 1.7 years in Luxembourg (86). Chatterji and colleagues also found
expansion of chronic morbidity for the period of 1991-2011 in worldwide studies,

whereas no discernible patterns emerged in disability (35).
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2.4.3 Explanations of the findings

There are several potential explanations for findings of this review. The improved
survival (e.g., from stroke and some cancers), due to more effective disease
management (36, 64, 105, 106, 115), appears to have led to a higher prevalence of
morbidity and an increase in the number of people living with disorders that
previously would have been fatal (86, 87). Although there is some evidence for
declining incidence in coronary heart disease or stroke, these decreases appear to
lag behind improvements in survival (see Appendix 1A). For other conditions, such
as diabetes, the incidence has increased in the last three decades—hence further

expansion of morbidity is expected (Appendix 1A).

It is also likely that more effective screening, combined with greater health
awareness—rather than the actual burden of chronic diseases—have contributed to
the rising rates. For instance, there have been some concerns that asthma may be
currently overdiagnosed in primary care, after years of underdiagnosis (139). Also,
the quality of recording tends to improve over time, particularly after adopting new
computer systems, which may lead to higher estimates (140). Moreover, rising rates
of morbidity may be partially caused by programmes incentivising accurate
maintenance of registers of patients with diseases such as asthma or diabetes (e.g.
the New General Medical Services Contract (141)). However, studies that limited
their analysis to services with highly accurate data—as a sensitivity check—tended to
find similar trends—for instance in diabetes (115). Interpretability of trends in
diabetes specifically is also limited by lowering of plasma glucose threshold for
diagnoses of diabetes in 2000, which did result in an initial sharp increase in
diagnosis in early-2000s (64). Nonetheless, the rising trends in diabetes have been

consistently observed before and after 2000. Moreover, the prevalence of diabetes
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also increased as indicated by haemoglobin Alc (HbA1c), in addition to self-reported

diagnosis (107, 137).

The trends in chronic health should also be considered in the context of trends in risk
factors. These, however, are inconsistent over time with some important risk factors
decreasing since 1990s, for instance, systolic blood pressure, total cholesterol,
smoking or heavy drinking (91, 107, 134, 137, 142) and others increasing—obesity,
hypertension and sedentary lifestyle (91, 107, 137). It also appears that, overall,
there was a greater decline in risk factors more strongly associated with mortality
(e.g. smoking) than morbidity (e.g. obesity), hence providing a partial explanation for

the observed expansion of morbidity (54).

It is also important to note that people’s knowledge about health may have improved
over time, due to better education (63), which might have raised the propensity to
report health problems and to have higher expectations from health services.
However, empirical research testing this hypothesis is lacking. There are still
inconsistencies regarding reports of IADL (e.g. independence in shopping) and, more
severe, ADL disability (e.g. independence in bathing). Declines in IADLs should be
expected, partially due to improvements in the environment, for instance, wheelchair
access or availability of ready-made meals or microwave ovens (56). However,
similar aids are difficult to implement for ADLs (56). Hence declines in this type of
disability may be less likely to occur, unless secondary and tertiary care is more
successful in offsetting disabling effects of rising chronic diseases, for which there is

currently no evidence.
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2.4.4 Limitations and future research

The main limitation of the review is that it relies on a narrative summary of the
evidence, as opposed to using a formal quantitative analysis in which uncertainty and
potential bias in estimates could be quantified. As explained in section 2.2.4, this is
due to differences in reporting of the estimates (e.g. prevalence rates per 100,000
person years at risk, estimates of the proportion of the population who have the
condition, annual % change over the studied period), as well as in definition of health
outcomes and lack of information on year-by-year estimates. This limitation partially
results from the approach | took to review trends in a wide range of morbidity
outcomes and over a long observation period. This decision was made to address
the limitations of previous reviews that were limited to individual health outcomes

(see section 2.1) and to provide a wider literature background for this thesis.

In a similar vein, it was deemed infeasible to review studies providing an estimate of
prevalence of morbidity or health expectancy at one time point. This was due to a
large number of such studies and often lack of sufficient amount of details on the
methodology in the manuscript, which would allow for comparisons of the estimates
over time. However, this may have resulted in excluding evidence from data sources,
which are well-documented and comparison over time could be possible. For
instance, this includes routinely collected data by the Office of National Statistics or

THIN database.

Research on disability suffers from methodological inconsistencies across studies,
mainly around how disability was measured, leading to mixed findings. This has been
repeatedly pointed out in the literature (34, 54). Also, as it is the case in the USA,
data on changes in the prevalence of disability and functioning problems are scarce
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and generally limited to the older population (36). Disability can occur at any time in
life and research on disability at all ages is needed (143, 144). For instance, 44
million people aged 15-64 (14.0 % of that age group) reported a basic activity
difficulty in 2011 among the EU-28 countries. Further research could focus on
objective measures of disability as these are not affected by response bias and are
more comparable over time. Moreover, disability measures are often based on a
single question, thus the use of instruments with a finer gradation of disability severity
should be more common (143, 145). This would allow for testing of the dynamic
equilibrium theory and a better understanding of the reasons underlying disability
trends. Furthermore, future research could study changes over time in the magnitude
of the association between health indicators obtained within the same individuals,
such as chronic conditions and disability (112). This would help to understand if
improving disease management over time also leads to one’s better functioning—in
addition to prolonging survival. Another limitation of the literature was that very few
studies included the institutionalised population (126), as the changes in the
prevalence of institutionalisation over time may lead to under-/overestimation of the
prevalence of certain diseases. A few studies that took that into account did not,
however, find any difference in estimates—due to the overall low proportion of the

institutionalised population (<5%) (126, 130).

2.4.5 Conclusion and implications

This review is the first one conducted systematically, which provides a
comprehensive and critical insight into the existing evidence on the post-war
population health trends in the UK. Overall, the rates of morbidity as well as time

spent in morbid states, have increased in the last three decades. This is, partially,
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due to remarkable improvement in survival with most chronic conditions. The
evidence on trends in prevalence of chronic conditions strongly suggests expansion
of morbidity in the last few decades in the UK. The increasing prevalence of chronic
morbidity may to some extent reflect better diagnostics, but as rising trends occur
within short studied periods, it is unlikely to be the sole explanation for the observed
trends. The trends in disability are less conclusive. However, even if the length of life
with disability remains the same or is reduced but the length of life requiring
treatment for disease increases, lifetime health costs will increase unless the costs of
health care are reduced. Thus, there is an urgent need for preventative efforts that
would delay the onset of morbidity. As the prevalence of morbidity is projected to
increase in the next decade, it is also necessary to consider how the additional years
of life can be managed to ensure good quality of life and reduce financial
consequences of already existing morbidity (146). For instance, McCormick and
colleagues (147) argued that we should move beyond focus on healthcare and
pensions, creating more innovative practices leading to harnessing everyday
relationships, enabling older individuals to continue paid or unpaid work, encouraging
lifelong learning and building environment that helps to connect older people to
services, activities and other people (147). Such practices have been successfully
implemented around the world and could be adapted to the UK context (e.g. Healthy

Ageing Evidence Review (148)).
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Chapter 3: Data used in the thesis

In this chapter, | provide a general overview of data used for the empirical studies
(Chapters 4-7). Specific information about the samples and measures used in each
study is given in corresponding chapters. The data used in the thesis come from the
1946 Medical Research Council (MRC) National Survey of Health and Development
(NSHD) (Chapter 5), the 1958 National Child Development Study 1958 (NCDS)
(Chapters 4-5), the 1970 British Cohort Study (BCS70) (Chapters 4-5) and the
Uppsala Birth Cohort Multigenerational Study (Chapter 6).

3.1 The 1946 Medical Research Council (MRC) National Survey of Health and
Development (NSHD)

The MRC NSHD initially included all 13,687 births in England, Wales and Scotland
from one week in March 1946 (149) and it aimed to investigate fertility rates, infant
health and maternity services. It was not feasible to follow-up all births at that time,
hence the sampling strategy was devised to include participants from all eligible
births to women with husbands in non-manual and agricultural occupations, as well
as one-fourth of all births to women with husbands in manual occupations, which
constituted the majority of the workforce (149). This resulted in the social class-
stratified, nationally representative, sample of 5,362 children of married mothers only.
The participants have been followed up on 24 occasions (150). During their
childhood, interviews with the mothers were regularly conducted by health visitors
and additional assessments were made with school doctors and teachers (151). The
main aim of data collection was to investigate the effect of the home and school

environment on physical and emotional development and educational attainment
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(151). During adulthood, research nurses conducted home visits at ages 26, 36, 43,
53 and 69, with additional detailed clinic visit between ages 60-64 (150). There have
also been a number of postal questionnaires. The participation rate at the latest
home visit (age 69) was 57.2% (N=2,149) of the original productive sample after
excluding those who died or permanently emigrated (150). The NSHD is largely
representative of the population of older adults in Great Britain despite some losses
to follow-up, meaning that results are likely to be generalisable to this generation
(150, 152). The NSHD was granted ethical approval from the Greater Manchester
Local Research Ethics Committee and the Scotland Research Ethics Committee and
all participants have provided informed consent. In the thesis, | used the data sweeps

at age 0 (at birth), 15, 36, 43, 53, 60-64 and 69 in Chapter 5.

3.2 The 1958 National Child Development Study (NCDS)

The NCDS follows the lives of 17,415 people born in England, Scotland and Wales in
a single week of 1958 (153). It has collected information on physical and educational
development, economic circumstances, employment, family life, health behaviours,
wellbeing, social participation and attitudes. Since the first survey at birth in 1958,
there have been ten further data collection points at ages 7, 11, 16, 23, 33, 42, 44-
46, 50 and 55 years. There was a considerate drop in the sample size at age 23
(n=12,537, compared with n=14,647 at age 16) due to participants moving to a new
address and inability to trace them. Refusal rates have been relatively low: 7.1% at
age 23, 11.1% at age 33, 13.2% at age 42 (154). At the latest data sweep, at age 55,
8,670 participants (58.7% of the original sample after excluding those who died or
permanently emigrated) took part in the survey. The NCDS was designed to be

representative for cohorts born around the same (it included 98% of all the births in
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Great Britain in a single week), hence the participants nearly exclusively white (153).
The NCDS has been granted ethical approval for each sweep from 2000 by the
National Health Service (NHS) Research Ethics Committee and all participants have
given informed consent. In the thesis, | used the data sweeps at age 0 (at birth), 7,
11, 16, 23, 33, 42, 44-46, 50 in Chapter 4 and at age O (at birth), 23, 33, 42, 44-46,

50 in Chapter 5.

3.3 The 1970 British Cohort Study (BCS70)

The BCS70 follows the lives of 17,196 people born in England, Scotland and Wales
in a single week of 1970 (155). The BCS70 has collected information on factors such
as health, physical, educational and social development and economic
circumstances. Since the first survey at birth in 1970, there have been nine other
surveys at ages 5, 10, 16, 26, 30, 34, 38, 42 and 46-48 years. There was a
considerate reduction in sample size between ages 16 and 26 due to teacher’s strike
(sweep at age 16) and cohort members not successfully traced by a postal survey
(sweep at age 26). This resulted in a reduction in the productive sample from 13,774
(80.1% of the original sample) at age 10, to 8,332 (48.5% of the original sample) at
age 26. Refusal rates have been relatively low, for instance, 7.3% at age 30 and
7.6% at age 34 (156). At the latest data sweep, at age 46-48, 7,951 participants
(50.3% of the original productive sample after excluding those who died or
permanently emigrated) took part in the survey. The BCS70 was designed to be
representative for cohorts born around the same, hence the participants nearly
exclusively white (155). The BCS70 has been granted ethical approval for each
sweep from 2000 by the National Health Service (NHS) Research Ethics Committee

and all participants have given informed consent. In the thesis, | used the data
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sweeps at age 0O (at birth), 5, 10, 16, 26, 30, 34, 38, 42, 46-48 in Chapter 4 and at

age 0 (at birth), 26, 30, 34, 38, 42, 46-48 in Chapter 5.

3.4 The Uppsala Birth Cohort Multigenerational Study

The Uppsala Birth Cohort Multigenerational Study (157, 158)—follows a cohort of
14,192 men and women born in the Uppsala University Hospital (Uppsala, Sweden)
between 1915 and 1929 and their children, identified through the Multi-Generational
Register. Among the members of the original sample of the study, 12,168 were living
in Sweden in the late 1940s, hence they received unique personal identification
numbers (159), which remain unchanged and allow for the linkage across national
registers. They also allowed for a linkage of information on descendants of the
original cohort members obtained from routine registers. In 2007-2011, the study was
further developed by including information collected manually from church parish
records, school archives and records from the Census in 1930. This resulted in
multigenerational study spanning five generations: 14,192 original cohort members,
their 22,559 children, 38,771 grandchildren and 25,471 great grandchildren born up
to 2009. The data on two generations, original cohort members and their children,
were used in the Chapter 6. The UBCoS Multigen includes rich information on social
background, family characteristics, morbidity and mortality. The sample of initial
study members is nationally representative of Sweden in terms of infant mortality and
fertility (160), with a marginally higher proportion of births to single mothers (161) and
infants from urban areas (162). The study was approved by the Regional Ethics

board in Stockholm.
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Chapter 4: Early-life predictors of mid-life multimorbidity:
evidence from the 1958 and 1970 British birth cohorts

Chapter objectives:

e To estimate the prevalence of multimorbidity in mid-life (age 46-48) in the
1970 British birth cohort.

e To examine the association between early-life characteristics and mid-life
multimorbidity in the 1970 British birth cohort.

e To compare the estimates of multimorbidity and the magnitude of associations

across the 1958 and 1970 British birth cohorts.
Key findings:

e The prevalence of multimorbidity in mid-life (age 46-48) was 33.8% in the

1970 British birth cohort.

e Early-life parental social class, birthweight, cognitive ability, body mass index
at age 10, internalising and externalising problems at age 16 were associated

with multimorbidity at age 46-48.

e The prevalence of multimorbidity was higher in the 1970 birth cohort
compared with the 1958 birth cohort, using a comparable multimorbidity

definition across cohorts: 24.3% vs 17.8%.

e The association between early-life characteristics and mid-life multimorbidity

remained stable across both birth cohorts in relative terms.
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4.1 Introduction

Multimorbidity has increased in the last two decades in high-income countries and
the rise is projected to continue (163-165). In addition, a study conducted in Canada
suggests that multimorbidity tends to emerge at an increasingly earlier age and in
younger birth cohorts (166). This presents a challenge to the quality of life and safety,
due to increased risks related to polypharmacy and complex health needs among
those with multimorbidity (165). Multimorbidity is also associated with high healthcare
utilisation and costs, which increase with the number of co-occurring conditions
(167). However, research on multimorbidity is still relatively sparse—particularly
among the younger (middle-aged) individuals, who will constitute the future older
population (168). Hence, the Academy of Medical Sciences published an
international policy report in 2018 outlining recommendations for future research that
will facilitate public health policies and interventions (168). These include estimating
the burden and nature of multimorbidity and how it changes over time as well as

studying modifiable risk factors across common clusters of diseases (168).

4.1.1 Estimating the prevalence of multimorbidity and trends over time

A key challenge of estimating the prevalence of multimorbidity is a lack of agreement
on its definition (168, 169). Typically, multimorbidity is defined as the presence of two
or more long-term conditions (168, 170). However, the approaches vary greatly in
terms of the types of conditions included, their number and how they are measured
(168, 170, 171). For instance, inconsistencies in the definition include limiting
multimorbidity to physical health conditions, as opposed to considering both physical
and mental health, excluding (or not) conditions that are often seen as risk factors,

such as obesity or substance dependency (163-165, 168). In order to resolve these
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discrepancies, the National Institute for Health and Care Excellence (NICE) (172)
specified in 2016 that multimorbidity ought to comprise at least one physical health

and mental health long term conditions and these can include:

* Defined physical and mental health conditions such as diabetes or schizophrenia,

» Ongoing conditions such as a learning disability,

* Symptom complexes such as frailty or chronic pain,

» Sensory impairment such as sight or hearing loss,

* Alcohol and/or substance dependency.

The inconsistent approaches to studying multimorbidity led to a wide range of
estimates of multimorbidity. For example, a systematic review of 39 observational
studies across twelve countries reported prevalence from around 13% to 95% (173).
Another systematic review found similarly varied estimates in the general population
ranging from 13% to 72% (174). It is highly challenging to disentangle the variation
reflecting true differences in the prevalence between populations and attributable to
differences in definition. Certainly, the higher number of included conditions in the
definition results in higher estimates (175, 176). For instance, a retrospective cohort
study in the UK showed prevalence ranging from 16% to 58%, depending on whether
multimorbidity was defined according to the UK Quality and Outcomes Framework
pay-for-performance programme or the wider Johns Hopkins University Adjusted
Clinical Groups Case-Mix System (177). More recent sources also provide widely
varying estimates due to the aforementioned reasons. For instance, the GP Patient
Survey estimated the prevalence of multimorbidity to be around 31%, while the

Health Survey of England found 15% (178). The most comprehensive estimate of
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multimorbidity in mid-life in the UK is 30.4%, reported among over 1.7 million general
practice patients aged 45-64 in 2007 (179). Prevalence among middle-aged
individuals (age 40-60) in high-income countries was found to range between around

15% and 80% in the period of 1961-2013 (173).

The estimates of the prevalence of multimorbidity vary greatly and most of the
estimates in the UK are somewhat outdated. Furthermore, studies of trends over time
using consistent methodology are lacking and are mostly limited to the older
population (168). Hence, the Academy of Medical Sciences identified estimating the
prevalence of multimorbidity using an agreed definition, as their main research
priority (168). In addition, the need for studying age-specific trends over time using
consistent methodology was emphasised (168). Estimates in younger, middle-aged
populations, would be of particular benefit due to a gap in the literature and as they

would help to project future healthcare and societal demands (168).

4.1.2 Early-life determinants of multimorbidity

Due to the high prevalence of multimorbidity, there is an urgent need to gather high-
quality evidence about its determinants (168). Such evidence may help to identify
populations at elevated risk, guide the development of health interventions and
optimise allocation of resources (168). The report by the Department of Health
proposed that at this early stage of research, we ought to focus on wider
determinants of a range of health conditions occurring throughout the life course
(180). This is in recognition that people may experience multimorbidity due to greater
exposure to personal or societal risk factors, such as persistent and accumulating
socioeconomic disadvantage (180). As alluded to in section 1.2.3, such factors tend

to emerge early in childhood, setting a life course trajectory of adverse exposures—
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linked through biopsychosocial pathways—which are predisposing to adult morbidity
(181, 182). This may be due to physiological reactions, such as altered
neuroendocrine hormone levels, toxic stress and increased allostatic load, which
leads to damage in metabolic, cardiovascular, immune and nervous systems (183,
184). This early damage may directly result in loss of functioning, in accordance with
sensitive or critical period theories of life course (41, 42). In addition, early cognitive
and social disruptions may increase the risk of harmful behaviours such as smoking
or alcohol consumption adopted as coping mechanisms and leading to further
damage—as proposed by the chain of risks life course models (184, 185). Therefore,
as explained in section 1.2.3, acting in this life phase is likely to bring the greatest

benefits.

There is also a methodological advantage of studying exposures occurring early in
the causal chain. The earlier the exposures are observed, the fewer factors
potentially confound their relationship with adult health outcomes. In addition,
potential confounders are likely to be related to parental and household
characteristics that are widely measured in the British birth cohorts. For instance,
when studying the link between socioeconomic status at birth and multimorbidity in
adulthood, this relationship cannot be confounded by later education or income as
they fall on the causal pathway. Moreover, early-life exposures are less likely to
suffer from reverse causality. As in the above example, experiencing multiple health
conditions can limit one’s participation in the labour market in adulthood (186),
however, it cannot affect one’s socioeconomic position in childhood. Naturally, there
is a range of potential confounding factors that need to be considered, related mainly
to parental and household characteristics (see Appendix 2A for the list of

confounders controlled in related studies).
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Some childhood exposures may act primarily through their direct effect on later
health, while other factors may mainly act through indirect pathways. For instance,
cognitive development and educational performance, are believed to shape
socioeconomic circumstances in adulthood, which in turn influence health (187).
Whereas exposure to poor mental health in childhood may have a more direct impact
on adult’s health through physiological dysregulation (188). Hence, early-life risk
factors may operate either via social chains of risk or by causing physiological
dysregulation at earlier life stages which form part of long-term biological or

psychological chains of risk (187).

In this study, | focus on early influences on later health across a range of domains
including physical health and growth (birthweight and BMI at age 10/11), emotional
development (internalising and externalising problems at age 16), cognitive function
(cognitive ability at age 10/11) and socioeconomic circumstances (father’s social
class at birth). These characteristics are potentially malleable, hence they may serve
as foundations for health interventions. However, it has to be recognised that social
class may not be directly modifiable but it can be thought of as a proxy for
socioeconomic disadvantage whose immediate consequences can be mitigated
(189)—for instance through family-wide educational interventions (190). Likewise, it
has been debated if cognitive ability can be modified (191). The evidence suggests
that at least certain aspects of it are malleable (192, 193). These include verbal and
performance skills (192), whose improvement may lead to better educational

outcomes or greater vocational skills (194).

Another criterion in identifying relevant exposures was that there are existing

systematic structures, such as schools or primary care, which can be used to act on
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those exposures. The evidence for the effectiveness of approaches implemented in
these settings is promising (195, 196). For instance, schools have been considered
as the right settings for addressing child or adolescent mental health problems, with
the most effective interventions involving parents (197, 198). Finally, the selected
exposures have been widely studied in the context of adult health, but not
multimorbidity and there were clear theoretical reasons to believe that they may
affect a wide range of morbidity outcomes—hence increasing the plausibility of their
causal effect on multimorbidity (199). These potential mechanisms are briefly

described in the discussion section.

Finally, | studied the selected early-life exposures across two different British birth
cohorts—the NCDS (born in 1958) and BCS70 (born in 1970). Examining the
associations across changing contexts, for instance, related to demographic
composition or education, will lead to a greater generalisability of the findings and
further understanding of the process of social change and its impact on health (63).
Whereas changes in the magnitude of the association over time will indicate varying
morbidity processes, where certain risk factors may be more or less harmful over
time. For instance, it has been found that obese adults experienced the largest
increase in multimorbidity over-time (Odds Ratio=1.65; p<0.001 for 2012-13 vs.
1996-97) (200). Likewise, Li and colleagues showed that the association between
BMI trajectory and adult blood pressure was stronger in the 1958 birth cohort
compared with the 1946 cohort (73). There is also some evidence that child mental
health problems have become more strongly associated with negative social,
educational and mental health outcomes over a 40-year period (201). This is contrary
to the association between childhood cognitive ability and mental health, which

weakened in the 1970 birth cohort compared with the 1958 birth cohort (202).
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4.1.2.1 Studying multimorbidity clusters

Multimorbidity can encompass many different combinations of conditions and there is
evidence that certain conditions are more likely to cluster than others (173, 203).
Hence, at this early stage of research it has been suggested to study specific clusters
of health outcomes, which occur frequently or have particularly severe implications
on lives of multimorbid individuals (168). The most common clusters of conditions
comprise depression, cardiometabolic, respiratory and musculoskeletal conditions
(173, 203, 204). Co-occurring mental health and physical health conditions appear to
have particularly detrimental effects on quality of life, clinical outcomes and
premature mortality compared with having physical or mental health conditions only
(205-207). In addition, mental health and physical health conditions tend to co-exist
to a greater extent in younger adults than in those over 50 years of age (208, 209),
hence may be particularly relevant for the population of this study. Therefore, |
selected clusters of conditions including mental health as well as diabetes, asthma,

hypertension and arthritis.

4.1.3 Evidence on early-life determinants of multimorbidity

Reports commissioned to summarise evidence on multimorbidity emphasised that
research on the determinants of multimorbidity is “sparse, conflicting and mainly
limited to cross-sectional studies” (168, p. 43), with few studies of factors associated
with multimorbidity (168). Other limitations of evidence include using definitions of
multimorbidity derived for specific studies, as opposed to employing an agreed
definition (200, 210-213), not accounting for a wide range of confounders—
particularly family characteristics (200, 210, 211, 213) and being rarely representative

of the target population (200, 210) (Appendix 2A includes details of key relevant
91



studies). The evidence (if available) is discussed in the order of 1) longitudinal
studies of the association between the exposure and multimorbidity; 2) systematic
reviews of the association between the exposure and individual health conditions
typically used in defining multimorbidity; 3) longitudinal studies, using the British birth
cohorts, of the exposure and individual health conditions typically used in defining
multimorbidity. The literature was identified by searching reference lists of key
publications (mainly systematic reviews) and retrieving studies that cited those
publications. | did not conduct systematic searches of the literature in this chapter
due to a large number of terms related to the exposures and morbidity outcomes,

which result in a very higher number of identified publications by search engines.

4.1.3.1 Birthweight

One study examined the association between birthweight and multimorbidity (at age
64-68) longitudinally, in the Hertfordshire Cohort Study in England, showing a lack of
association in an unadjusted model (as well as multivariate model) (OR=1.29, 0.58 to
2.89) (212). Similar findings were obtained for infant growth in the study. The main
limitations of this study are relatively small sample size (<2000) and lack of
information on potential bias due to missing data, potentially limiting generalisability

of the findings to the population of Great Britain (212).

As far as the association with other adult health outcomes is concerned, Belbasis
and colleagues conducted a large umbrella review including 39 systematic reviews
and meta-analyses, which indicated “highly suggestive evidence” for the association
of low birthweight with all types of leukaemia, overweight or obesity (214). The review
also emphasised the importance of accounting for gestational age in studying the

relationship between birthweight and later health (214).
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The relationship between birthweight and adult health outcomes has been studied in
the British birth cohorts (215-217). These studies tended to be well-adjusted due to
the availability of rich information on potentially confounding factors occurring
throughout the life course. There was evidence for the association between
birthweight and self-reported fair/poor general health at age 30/33 in the NCDS and
BCS70 (OR=1.16, 0.99 to 1.36), but not with long-standing illness at the same age—
after adjustment for a range of mainly socioeconomic, family-related variables (215).
Cooper and Power also found evidence for the association between lower birthweight
and higher cholesterol among women, but not men at age 44/45 in those cohorts
(216). However, the study controlled for a range of variables potentially lying on the
causal pathway in each multivariate model. For instance, minimally adjusted models
included growth or current BMI, whereas fully-adjusted controlled for characteristics
such as physical activity and lifetime socioeconomic position, all of which may result

in underestimation of the relationship.

There was also evidence for the association between lower birthweight and systolic
blood pressure (but not diastolic) in the older birth cohort (1946 - NSHD) (217). The

study, however, limited their adjustment to childhood social class.

4.1.3.2 Childhood socioeconomic position

One study recently examined the association between parental social class at birth
and multimorbidity in adulthood, in the Aberdeen Children of the 1950s cohort
(Scotland), showing that children of father’s in unskilled social class at birth had
higher odds of multimorbidity (OR=1.43, 1.06, 1.93) (211). After adjustment for
educational attainment, gender, cognition at age seven and school type, this

association highly attenuated (OR=1.20, 0.91, 1.70) (211). However, again these
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variables are likely to lie on the causal pathway between parental social class and
multimorbidity, rather than acting as confounders, hence they do not provide reliable

estimates of adjusted direct effect of the exposure on the outcome (218).

In a systematic review, including 40 studies published up to 2006, childhood
socioeconomic position was found to be associated with a higher risk of
cardiovascular and coronary heart diseases (219). This association was only partially
explained by adult socioeconomic position. Childhood manual social class was found
to be associated with early-life and mid-life systolic blood pressure, but not diastolic,
after adjustment for gender and birthweight in the NSHD (217). In a longitudinal
prospective cohort study of over 7,000 British civil servants in England (the Whitehall
Il study), low childhood socioeconomic position at age 16 was found to be
associated, independently from adult cognitive ability, with a greater risk of a range of
mid-life health outcomes (at age 47-69): coronary heart disease (RR=1.95, 1.36 to
2.81), self-rated poor health (RR=1.69, 1.17 to 2.44), psychological distress
measured by the General Health Questionnaire (RR=1.52, 1.14 to 2.03), physical
(RR=1.30, 0.98, 1.74) and mental (RR=1.69, 1.26, 2.26) component scores of the
Short Form 36 General Health Survey scales (220). Cognitive ability in mid-life
explained some of the relation between socioeconomic position and health: 17% for
coronary heart disease, 33% for physical functioning, 12% for mental functioning and

39% for self-rated health (220).

4.1.3.3 Childhood and adolescence body mass index

To the best of my knowledge, there is no study of the association between childhood
BMI or obesity and multimorbidity, however, two studies investigated the link

between adult obesity and mid-life multimorbidity (200, 210). A cross-sectional study
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of the National Population Health Survey (conducted in 1996-7) and Canadian
Community Health Surveys (conducted in 2012—-13) found an association between
obesity and multimorbidity in both surveys after adjustment for age, gender, marital
status, immigrant status, home ownership, rural residence, education, income
quintile, smoking status and alcohol consumption (200). The relationship appeared to
strengthen over time. For instance, those with obesity class IlI/1ll (vs without obesity)
had 48% (OR=1.48, 1.13, 1.95) higher odds of multimorbidity in 1996-7 compared
with 391% in 2012-3 (OR= 3.91, 3.06, 4.99). Another cross-sectional study—adjusted
for age, gender, socioeconomic deprivation and smoking—found an association
between obesity and multimorbidity in the sample of 30-year-olds or older, using the

Clinical Practice Research Datalink (2005-2011).

Childhood BMI or obesity was not studied in the context of multimorbidity, however,
there is an extensive literature on the association with other health outcomes. In a
systematic review of 39 studies conducted until 2012, Park and colleagues found
strong evidence for an association between BMI or obesity up to age 19 and
diabetes, hypertension and coronary heart disease. These associations were robust
to adjustment of a variety of potential confounders (221). More recently, an analysis
of the British birth cohorts—NSHD and NCDS—revealed that BMI at ages 7-16 was
positively associated with systolic blood pressure and this relationship appeared to

strengthen over time (73).

4.1.3.4 Childhood and adolescence cognitive ability

There were no studies of the association between childhood cognitive ability and
multimorbidity. | identified one study that found a link between higher cognitive ability

at age 10/11 and lower odds of long-term sickness at age 34-53 after adjusting for
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gender and social class in NSHD, NCDS and BCS70 (222). There was some
evidence for a stronger relationship between the exposure and the outcome in the
more recent cohort: BCS70 (OR=0.80, 0.66 to 0.97), compared with NSHD
(OR=0.70, 0.56 to 0.86) or NCDS (OR=0.69, 0.61 to 0.77) (222). However, the
outcome was measured at different ages across the cohorts (34 in BCS70 vs 42 in
NCDS and 53 in NSHD) and cohort membership, as an effect modifier, was not

formally tested in this study.

4.1.3.5 Childhood and adolescence emotional development

Childhood emotional development, defined as internalising and externalising
problems, has not been studied in the context of multimorbidity. However,
longitudinal studies conducted in the UK have been used to examine the association
between emotional development and both mental and physical health outcomes.
Neeleman and colleagues found an association between negative affect, aggression
as well as anxiety at age 13-15 and count of both somatic and psychiatric symptoms
at age 43 (213). This study, however, only adjusted for gender, not considering any
other potential confounding variables (213). In the NCDS, externalising problems
(e.g. “antisocial”) at age seven but not internalising ones (e.g. “neurotic”), were
associated with psychological distress at age 33, after adjusting for a wide range of
potential confounders: including parental socioeconomic status at birth and parental
mental health (223). More recently, Henderson and colleagues studied one specific
internalising problem in the Aberdeen Children of the 1950s—often appearing to be
miserable or unhappy at age 6-12—and found that it was strongly associated with

being permanently sick or disabled at age 46-51 (OR=3.81, 1.01 to 14.4), when year-
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of-birth, gender, 1Q (Intelligence Quotient) and father’s social class in childhood were

accounted for (224).

4.1.4 Aims and hypotheses

Due to the aforementioned limitations of the evidence, the main objectives of this
study are: (1) to estimate the prevalence of multimorbidity in mid-life (age 46-48) in
the BCS70 (14); (2) to examine the association between early-life characteristics and
mid-life multimorbidity in the BCS70. | hypothesised that birthweight, father’s social
class at birth, BMI at age 10, cognitive ability at age 10, internalising and
externalising problems at age 16 will all be associated with multimorbidity (age 46-
48). As an association between exposures and multimorbidity may be driven by
mechanisms of action related to specific components of multimorbidity, | additionally
studied associations between the exposures and the most common clusters of
conditions and their individual components (168). As a secondary objective, |
compared the estimates of multimorbidity and the magnitude of associations across
two cohorts, born 12-years apart (1958 vs 1970): the NCDS and the BCS70. This will
improve generalisability of findings across different birth cohorts. Finally, as the
evidence on cross-cohort trends in mid-life morbidity is limited (see Chapter 2), | also
present relative risk difference across the cohorts for experiencing individual health

conditions.
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4.2 Methods

4.2.1 Participants

Details about the history, design and features of the NCDS and BCS70 have been
previously described (149, 155, 225-227) and more details are provided in Chapter 3.
In brief, both surveys included all surviving children born in England, Scotland and
Wales in a single week: NCDS in March 1958 (n=17,415) (226), BCS70 in April 1970
(n=17,196) (155). The analytical sample included those who participated in the
biomedical sweeps of BCS70 at age 46-48 (data collection lasted two years)
(n=7,951) and NCDS at age 44-46 (n=8,883) (data collection lasted two years)
(Figure 4.1). In order to facilitate cross-cohort comparison of NCDS and BCS70,

multiple comparable biomedical measures were included in both sweeps.

The age 46-48 sweep (conducted in 2016-2018) of BCS70 included many data
collection elements, such as 45-minute core interview (topics covered: relationships,
children, parents, place of residence, economic activity, income, qualifications and
training, physical and mental health, smoking, drinking, exercise), cognitive
assessments, self-completion paper questionnaire (topics covered: physical health,
mental health and well-being, physical activity and leisure activities), anthropometric
measurements (height, weight, body-fat, waist/hip circumference), blood pressure
measurement, grip strength assessment, balance assessment, blood sample
collection, activity monitor, online dietary diary (228). Bio-measures were
administered by a nurse, who also collected contextual information about each

measurement (228).

Likewise, the age 44-46 sweep (conducted in 2002-2004) of NCDS comprised a

range of measures, including a computer-assisted self-completion interview (topics
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covered: drinking, mental health), vision, blood pressure measurement, hearing,

anthropometric measurements (height, weight, body-fat, waist/hip circumference),

lung function, sight, paper self-completion questionnaires (sun exposure, physical

activity connected with work, hearing, eyesight, pain, working conditions, household

circumstances, social support general health and diet, leisure exercise, employment,

partnership status and children life events) (229).

Members of NCDS Members of BCS70
Excluded: born in GB: n=17,415 born in GB: n=17,196 Excluded:

* Did not participate * Did not participate
at age 44-46: < p| atage 46-48:
n=8,532 A n=9,245

n=8,883 | - -
Main analysis
(BCS70):
n=7,951

Cross-cohorts
comparison
(NCDS +BCS70):
n=16,834

Figure 4.1 Flow diagram of the study sample.

4.2.2 Measures

Details on the measures of all variables used in the study can be found in Tables 4.1

—-4.4.

4.2.2.1 Multimorbidity

Multimorbidity was defined as presence of “two or more long-term health conditions
where at least one of these conditions must be a physical health condition” (14; p.
17). These can include physical and mental health conditions, symptom complexes

(e.g. chronic pain), sensory impairment, alcohol and substance misuse (14).
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For the analyses using BCS70 exclusively, multimorbidity comprised self-reported
conditions diagnosed since the previous interview (four years or more) (e.g. asthma,
heart problems; see Table 4.1 for the full list), alcohol problems (Alcohol use
disorders identification test; primary care = 5), mental health problems (Malaise
Inventory = 4), hypertension (systolic blood pressure = 140 mmHg or diastolic blood
pressure = 90 mmHg or taking medications) and diabetes (Glycated Haemoglobin of
48 mmol/mol = 6.5% or taking medications). Tables 4.1 and 4.2 provide details on

how these variables were measured.

For cross-cohort comparisons, the definition of multimorbidity was derived using
health outcomes comparable across the NCDS and BCS70. The multimorbidity
outcome was a binary indicator of having two or more health outcomes. The
multimorbidity comprised lifetime prevalence of self-reported (at age 42) migraine,
asthma/bronchitis, convulsions/epileptic seizures or fits, any cancer, mental health
problems (using the Malaise Inventory in both cohorts (230)); objectively measured
hypertension and diabetes at age 44-48. Table 4.2 provides details on how

hypertension and diabetes were measured in NCDS and BCS70.

While NCDS asked about ever having a given condition (lifetime prevalence), BCS70
asked about having a condition since the last interview. Thus, lifetime prevalence
variables were derived by combining four (complete) waves of the BCS70, age 42 (4-
year period prevalence), age 38 (point prevalence), age 34 (4-year period
prevalence) and age 30 (lifetime prevalence). Table 4.3 and Appendix 2B provide
more details on how these variables were harmonised. | also comment on cross-
cohort differences in obesity, as BMI measure was available in biomedical sweeps

and it is considered an important risk factor for major long-term conditions (231).
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4.2.2.2 Exposures

The same exposures were used in the main analyses of BCS70 only and in pooled
analyses of NCDS and BCS70. Birthweight (kg) was recorded in the birth survey by a
midwife who attended the delivery. BMI at age 10/11 was derived from a measure of
weight and height obtained by a range of different health practitioners. Father’s social
class at birth (SES) refers to the occupation of the father coded according to the
Registrar General’s classification (I — professional, Il — managerial and technical, Il —
skilled non-manual/manual, IV — partly-skilled and V — unskilled) (232). Cognitive
ability was assessed by the General Ability Test (233) in NCDS (age 11) and a
modified version of the British Ability Scales (234) in BCS70 (age 10). Following the
approach used in previous studies, | performed a principal components analysis for
each of the verbal and nonverbal sub-tests, in order to obtain scores indicating a
general cognitive ability factor (g) and to ensure similar relative ranking in the latent
unmeasured trait (202, 235). The scores were standardised to a mean of zero and a
standard deviation of one. Internalising and externalising problems were captured
with the modified version of the Rutter A scale, completed by mothers of the
participants as part of the home interview (230). See Table 4.4 for details on

measures of exposures.

4.2.2.3 Confounders

A range of child and family characteristics were controlled, which have been
suggested in previous research to confound an association between early-life
exposures and adult health (see Appendix 2A for the list of studies; Table 4.4 and
Appendix 2C for details on measures of confounders). These included gestational
age, birthweight and father’s social class at birth—when they were not used as
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exposures, whether mother ever smoked during pregnancy, mother breastfeeding,
mother’s height, mother’'s marital status at birth, mother being a teen at birth,
household tenure (age 5-11), overcrowding (age 5-11), parental interest in child’s
education (age 10/11), length of time absent from school due to illness (age 10/11),

parental divorce (age 16) (see Appendix 2C for more details).
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Table 4.1 Description of self-reported outcome variables under multimorbidity definition in BCS70.

Variable

Type of
variable

Age

Description

Self-reported chronic
morbidity

Outcome

46-48

Questionnaire was self-administered with the computer-assisted personal
interviewing (CAPI).

The question was: “Since the last interview/4 years ago have you had any of the
health problems listed on this card? Please include any health problems that had
already started before that date.”

- Asthma or wheezy bronchitis; convulsion, fit, epileptic seizure; recurrent backache,
prolapsed disc, sciatica or other back problem; cancer or leukaemia; problems with
hearing; problems with eyes (do not include problems which are resolved by
wearing glasses or contact lenses — e.g. short sightedness, long sightedness or
astigmatism); heart problems; chronic fatigue syndrome (ME); liver disease
including viral hepatitis B or C; arthritis; stroke.

Drinking

Outcome

46-48

Drinking behaviours were measured with the Alcohol use disorders identification
test for primary care (AUDIT PC), including five questions (236). A score of five or
more indicates high-risk drinking (237). The test was found to have 98.3%
sensitivity 90.9% specificity for detecting hazardous drinkers in randomly selected
primary care patients (237).

Mental health problems

Outcome

46-48

BCS70 at age 46-48 used the Malaise Inventory (230), which was self-administered
with the computer-assisted personal interviewing (CAPI). A shorter 9-item version
(as opposed the full 24 items version) was used, with a binary (“yes-no”) response
scale. It showed robust psychometric properties when tested in general population:
Cronbach’s alpha = 0.70 — 0.80; all items identify a common factor; AUC against
self-reported diagnosed psychiatric morbidity = 0.77-0.79) (238).
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Table 4.2 Description of outcome variables used under both definitions of multimorbidity —in BCS70 only and in NCDS and BCS70 for cross-
cohort comparisons.

Variable Type of Age Description
variable
Obesity Outcome 44-46 Obesity was derived as BMI equal 30 or higher (239). | calculated body mass index
(NCDS)/ (BMI, kg/m?) at age 44-46 using height and weight measurements obtained with
46-48 Leicester portable stadiometers and Tanita solar scales, while participants were
(BCS70) lightly clothed and unshod.

In NCDS, the values were derived as a part of the larger work package by the
Cohort and Longitudinal Studies Enhancement Resources (CLOSER) aiming to
facilitate comparisons of the British cohort studies (240). For consistency, the
protocol was followed to derive BMI values in BCS70.

A standardised data cleaning protocol was applied (240):

a) This involved removal of biologically implausible values using sensible yet
arbitrary cut-offs (e.g., weight > 250 kg and height > 3 m);

b) Inspection of a connected scatter plot of serial weight or height against age
(i.e., a trajectory) for persons with a measurement or change in
measurement between two consecutive ages greater than five standard
deviations from the gender and study stratified mean.

This resulted in two values being replaced with missing in BCS70.
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Table 4.2 (cont.) Description of outcome variables used under both definitions of multimorbidity — in BCS70 only and in NCDS and BCS70 for

cross-cohort comparisons.

Variable Type of variable  Age

Description

Hypertension Outcome 44-46 (NCDS)/
46-48 (BCS70)

Hypertension was defined as SBP=140 mmHg or DBP=90 mmHg or taking medications
for high blood pressure. These medications included (3-blockers, drugs affecting the
renin—angiotensin system, calcium channel blockers and diuretics. Medications were
self-reported. The name of each medication was recorded and where possible nurses
asked to see the medication packaging to increase accuracy. Systolic and diastolic blood
pressure was measured in a seated position, after 5 min rest, using automated
oscillometric devices (NCDS: Omron HEM 705; BCS70: OMRON HEM 907). Both
cohorts used a large cuff for participants with a mid-upper arm circumference 32 cm. The
measurement was repeated three times and all successful and reliable measures were
averaged to obtain final blood pressure values (NCDS: n=8,740; BCS70: n = 6,970)
(241). The measurement was taken on the left arm in BCS70 and the right arm in NCDS,
which however should not introduce any bias as shown by the studies reporting on
double-arm measurements (242). Pregnant women were excluded from both studies.
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Table 4.2 (cont.) Description of outcome variables used under both definitions of multimorbidity — in BCS70 only and in NCDS and BCS70 for
cross-cohort comparisons.

Diabetes Outcome 44-46 (NCDS)/ Diabetes was indicated as Glycated Haemoglobin (HbAlc) of 48 mmol/mol (6.5%) or
46-48 (BCS70) over or taking medications for diabetes (243). Medications were self-reported. The name
of each medication was recorded and where possible nurses asked to see the
medication packaging to increase accuracy. Glycated haemoglobin is an integrated
measure of the level of sugar in the blood over the previous eight to 12 weeks before
measurement. HbAlc it is regarded as a useful screening tool for detecting diabetes in
general population (244).

In NCDS, HbA1C was measured on whole citrated blood by ion exchange high
performance liquid chromatography, using the Tosoh Alc 2.2 Glycohemoglobin Analyser
HLC-723GHb. In BCS70, HbA1C was measured using whole blood supplied in an
ethylenediaminetetraacetic acid (EDTA) tube and was analysed using the Tosoh G8
analyser. Exclusion criteria included: people with clotting or bleeding disorder;

people who were currently on anticoagulant drugs, e.g. Warfarin therapy; people who
had had an epileptic fit in the last three years (NCDS); or who have ever had a fit
(BCS70); people who were not willing to give their consent in writing; in BCS70 only —
pregnant women; respondents who were HIV positive or who have hepatitis B or C.
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Table 4.3 Description of self-reported outcome variables under multimorbidity definition in the NCDS and BCS70 — for cross-cohort
comparisons.

Variable Type of Age Description

variable
Self-reported chronic Outcome 42 The lifetime prevalence of any of the conditions: migraine/headaches,
morbidity asthma/bronchitis, diabetes, convulsions/epileptic seizures/fits and any cancer.

While NCDS asked about ever having a given condition (lifetime prevalence),
BCS70 asked about having a condition since the last interview. Thus, lifetime
prevalence variables were derived by combining four (complete) waves of the
BCS70, age 42 (4-year period prevalence), age 38 (point prevalence), age 34 (4-
year period prevalence) and age 30 (lifetime prevalence). The studies used the
computer-assisted personal interviewing to collect the data for NCDS and for all
waves within BCS70 apart from the age 38 (telephone interview). The wording of
the items varied slightly, for instance NCDS at age 42 asked about having fits,
convulsions or epilepsy, whereas BCS70 included convulsion, fit, epileptic seizure
at ages 42, 38, 34 and fits, convulsions or epilepsy at age 30 (see Appendix 2B for
details).

Mental health morbidity Outcome 42 Both the NCDS and BCS70 at age 42 used the Malaise Inventory (230), which self-
administered with the computer-assisted personal interviewing. A shorter 9-item
version (as opposed the full 24 items version) was used, with a binary (“yes-no”)
response scale. It showed robust psychometric properties when tested in general
population: Cronbach’s alpha = 0.70 — 0.80; all items identify a common factor;
AUC against self-reported diagnosed psychiatric morbidity = 0.77-0.79) (238).
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Table 4.4 Description of covariates.

Variable Type of variable Age Description

Birthweight Exposure/confounder 0 Birthweight of each cohort member was measured in ounces and converted into
kilograms.

Cognitive ability Exposure/confounder 10/11 The cognitive ability was assessed by the General Ability Test (233) in NCDS

(age 11), comprising tests of both verbal and non-verbal skills. Scores from this
test correlate strongly with 1Q-type test scores (r=0.93), hence providing a good
proxy for 1Q scores (233). The BCS70 used a modified version of the British
Ability Scales (234) comprising four sub-scales: word definitions and word
similarities were used to measure verbal ability and recall of digits and matrices
was used to measure non-verbal ability. For both cohorts, a principal
components analysis (PCA) was conducted for each of the verbal and nonverbal
sub-tests, in order to attain a general cognitive ability factor (g). Following the
protocol of previous studies, | saved scores from the first unrotated factor for
each valid case (235). As previously, the first component accounted for 90% of
the total variance in the NCDS (235). For the BCS70 cohort, | summed up the
individual items to derive an overall score for each sub-test and | conducted a
PCA on these four variables, again saving the first components score
(accounting for 57% of total variance). The scores were standardised to a mean
of 0 and a standard deviation of 1.

Body mass index (BMI) Exposure/confounder 10/11 Height and weight were measured by trained medical personnel using standard
protocols at ages 11 (NCDS), 10 (BCS), 16 (NCDS/BCS70). The weight and
height measures were harmonised by the CLOSER consortium to facilitate
comparisons across cohorts (240).
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Table 4.4 (cont.) Description of covariates.

Variable Type of variable Age Description

Externalising problems Exposure/confounder 16 The modified version of the Rutter A scale, a measure of mental health capturing
conduct problems, hyperactivity, emotional and peer problems, was completed
by mothers of the participants as part of the home interview in both NCDS and
BCS70 (230).

Internalising problems Exposure/confounder 16

As in previous studies (245); two scales were created: 1) externalising problems
(five items, e.g. “destroys own or others belongings”) and internalising problems
(three items, e.g. worries about many things). Each item has a 3-point response
scale (“Not true”=0, “Somewhat true”=1, “Certainly true”=2). Hence, higher score
reflects more externalising or internalising problems. The measure was tested in
general population; acceptable inter-rater reliability (r = 0.64) and retest reliability
(r=0.74) (230).

Father’s social class at Exposure/confounder 0 Occupation of the father at the time of the participants’ birth was coded

birth according to the classification Socio-economic Groups (SEG) classification
introduced in 1951. in both NCDS and BCS70. Current or most recent jobs of
participants’ fathers were classified as: | (professional), Il (managerial and
technical), Ill (skilled non-manual/manual), IV (partly-skilled) and V (unskilled);
with those classified as “missing” who had unclassifiable occupation/had
insufficient information/served in armed forces/were unemployed or sick or
retired.
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Table 4.5 Description of self-reported outcome variables under multimorbidity definition in the NCDS and BCS70 — for cross-cohort
comparisons.

Variable Type of Age Description

variable
Self-reported chronic Outcome 42 The lifetime prevalence of any of the conditions: migraine/headaches,
morbidity asthma/bronchitis, diabetes, convulsions/epileptic seizures/fits and any cancer.

While NCDS asked about ever having a given condition (lifetime prevalence),
BCS70 asked about having a condition since the last interview. Thus, lifetime
prevalence variables were derived by combining four (complete) waves of the
BCS70, age 42 (4-year period prevalence), age 38 (point prevalence), age 34 (4-
year period prevalence) and age 30 (lifetime prevalence). The studies used the
computer-assisted personal interviewing to collect the data for NCDS and for all
waves within BCS70 apart from the age 38 (telephone interview). The wording of
the items varied slightly, for instance NCDS at age 42 asked about having fits,
convulsions or epilepsy, whereas BCS70 included convulsion, fit, epileptic seizure
at ages 42, 38, 34 and fits, convulsions or epilepsy at age 30 (see Appendix 2B for
details).

Mental health morbidity =~ Outcome 42 Both the NCDS and BCS70 at age 42 used the Malaise Inventory (230), which self-
administered with the computer-assisted personal interviewing. A shorter 9-item
version (as opposed the full 24 items version) was used, with a binary (“yes-no”)
response scale. It showed robust psychometric properties when tested in general
population: Cronbach’s alpha = 0.70 — 0.80; all items identify a common factor;
AUC against self-reported diagnosed psychiatric morbidity = 0.77-0.79) (238).
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4.2.3 Missing data

Multimorbidity was missing in 3,793 out of 7,951 participants and the extent of
missing data was greater in the BCS70 than in NCDS (see Appendix 2D). To
preserve sample representativeness and reduce selection bias, | used multiple
imputation with chained equations generating 50 datasets (246). Multiple imputation
returns unbiased results under the missing at random (MAR) assumption, which
implies that systematic differences between the missing and observed values can be
explained by the observed data (247, 248). All variables used in the analysis were
included in the imputation model. Some of these variables (e.g. BMI at age 10,
mental health at age 16) were predictive of missingness (see Appendix 2D for the
estimates) and having them in the imputation model increased the plausibility of the
outcome being MAR. The precision of the model was further improved by inclusion of
variables with very little missing data (less than <1%) collected at birth (e.g. smoking
during pregnancy, birth marital status, gender). Finally, | enriched the imputation
model and further maximised the plausibility of the MAR assumption with auxiliary
variables (self-perceived general health, individual health conditions under
multimorbidity outcome and smoking), which were not part of the substantive model
of interest, but they were related to the probability of missingness and/or related to

the incomplete outcome itself (see Appendix 2D).

In order to investigate sensitivity of the estimates due to missing information, the
estimates of multimorbidity prevalence are also presented under different missing
data generating mechanisms (see Appendix 2E for estimates)—complete cases
where information is assumed to be missing completely at random (MCAR)—and

across imputations based on samples with varying missing data due to different
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inclusion criteria. All analyses were conducted in Stata 14.2 (249) and the results of

analyses run on each dataset were pooled according to Rubin’s rules (250).
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4.2.4 Analysis

4.2.4.1 Exposures—multimorbidity association

The associations between exposures (birthweight, father’s social class at birth,
cognitive ability at age 10, BMI at age 10, externalising as well as internalising
problems at age 16) and multimorbidity (age 46-48) in BCS70 were estimated with a
multivariate Poisson regression. | present gender-adjusted estimates and further
adjusted models that account for a range of child and family characteristics. | did not
control for any covariates occurring in adulthood, for instance health behaviours or
socioeconomic status, as they may mediate the association between early-life

exposures and multimorbidity.

As a sensitivity analysis, the confounder-adjusted models were also re-run using a
count of health conditions as an outcome. | also tested—using the Wald test—for
non-linear associations between continuous exposures and outcome by including
squared and linear terms (e.g. birthweight? and birthweight) in unadjusted regression
models, but there was no evidence of departure from linearity. Likewise, using a

similar approach no evidence of gender*exposure interaction was found.

In order to examine potential benefits of targeting each exposure, assuming a causal
effect with multimorbidity, | estimated the proportion of multimorbidity cases that
might have been avoided if the exposure among the most vulnerable 20% (i.e.
scoring in the lowest/highest 1-2 decile) had had an average value of a given
exposure equal to the one among the more favourable 80%. Hence, | estimated the
difference between two marginal prevalences (the population attributable risk or PAR

(251)), expressed as predicted probabilities: (1) the baseline scenario—with actual
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prevalence of multimorbidity among the most vulnerable 20%; (2) the alternative
scenario—with prevalence of multimorbidity among the most vulnerable 20% if they
had the value of a given exposure equal to the one among those in other 80% of the
sample, keeping other covariates constant. The predicted probabilities in both
scenarios were obtained from the confounders-adjusted models using mimrgns, a
user-written Stata command that applies Rubin’s rules to pool estimates across

multiply-imputed samples from Stata’s built-in margins command (252).

4.2.4.2 Exploratory analysis — multimorbidity as clusters of conditions

Due to heterogeneous definitions of multimorbidity, it has been suggested that the
focus of the initial research should be on the determinants of the most common
clusters of conditions or those of the greatest impact (168). Based on the literature
(204), | identified five most common combinations of conditions that can be paired
using health outcomes included in this study: mental health morbidity and
hypertension, mental health morbidity and arthritis, mental health morbidity and
diabetes, mental health morbidity and asthma/bronchitis, diabetes and hypertension.
Subsequently, | ran the confounders-adjusted model for each exposure and each
cluster. As the clusters used in these analyses were derived from the multimorbidity
outcome, they are likely to be closely-related hence increasing family-wise error rate.
Thus, | present the findings considering a more stringent p-value threshold of
0.003—using the Bonferroni correction (a = 0.05 divided by 20 tests) (253). In
addition, | re-ran the confounders-adjusted models including individual components
of these clusters as the outcomes. This helped to assess if the associations with the

clusters were stronger in magnitude than with their individual components.
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4.2.4.3 Cross-cohort comparisons

Relative difference across cohorts in prevalence of multimorbidity (and its individual
components and obesity) was estimated using Poisson regression, where year-of-
birth (or cohort membership) was used as the exposure. Ignoring or excluding
participants on medication can bias associations (254), hence in cross-cohort
comparison of levels of blood pressure and Glycated Haemoglobin (HbAlc):
corrections were made for those: treated for hypertension (n=574: +10 mmHg for
diastolic blood pressure and systolic blood pressure (254)) and taking oral
medication for type 2 diabetes (n=210: +1% in absolute terms for Glycated

Haemoglobin (HbAlc) (255)).

| used the Wald test to assess cohort differences in the association between the
exposures and outcome in a series of unadjusted models including the year-of-
birth*exposure interaction term. To facilitate interpretation of the interaction effects,
fully-adjusted cohort-specific probabilities of multimorbidity were obtained across
different values of each exposure. The values were obtained using mimrgns Stata

command (252).
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4.3 Results

4.3.1 Prevalence of multimorbidity

The prevalence of multimorbidity was 33.8% at age 46-48 in the BCS70. The most
prevalent conditions were high-risk drinking (26.3%), recurrent back problems
(20.9%) and mental health problems (19.1%) (see Table 4.5). Among the most

prevalent chronic physical health conditions were asthma/bronchitis (11.7%) and

arthritis (7.7%).
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Table 4.6 Descriptive summary of the health variables and

early-life exposures in the 1970 British birth cohort (BCS70).

Outcomes (age)

N=7,951

%

Multimorbidity (46-48)
Chronic fatigue syndrome (46-48)

Arthritis (46-48)
Stroke (46-48)

Heart problems (46-48)

Eyes problems (46-48)

Hearing problems (46-48)
Recurrent back problems (46-48)
Drinking problems (46-48)
Hypertension (46-48)

Diabetes (46-48)

Mental health morbidity (46-48)
Asthma/bronchitis (46-48)

Convulsion, fit, epileptic seizure (46-48)
Cancer or leukaemia (46-48)

Multimorbidity (46-48)

BMI (46-48), kg.m™

Systolic blood pressure, mmHg (46-48)
Diastolic blood pressure, mmHg (46-48)
HbA1C, % (46-48)

Malaise Inventory (46-48)

AUDIT-PC (46-48)

33.8 (32.6, 35.0)
1.5 (1.2, 1.7)
7.7(7.1,8.3)
0.5 (0.4, 0.7)
3.0 (2.6, 3.4)
4.9 (4.5, 5.4)
5.8 (5.2, 6.3)
20.9 (20.0, 21.8)
26.3 (25.3, 27.4)
15.7 (14.8, 16.6)
4.7 (4.1,5.2)
19.1 (18.3, 20.0)
11.6 (10.9, 12.3)
1.1 (0.8, 1.3)
1.6 (1.4, 1.8)

Mean
(standard error)

1.24 (0.02)
28.30 (0.08)
125.39 (0.19)
77.73 (0.13)
5.59 (0.01)
1.76 (2.12)
3.88 (2.58)

Exposures (age)

Mean
(standard error)

Birthweight (0)

Cognitive ability (10)

Body mass index (10)
Internalising problems (16)
Externalising problems (16)

Father’s social class at birth (0)

| — professional

Il — managerial and technical
[l — skilled non-manual/manual
IV — partly-skilled

V — unskilled

3.31(0.01)
0.16 (0.01)
16.9 (0.03)
0.93 (0.02)
0.68 (0.02)

%

6.1
13.8
60.8
13.9
5.5

*Note. The outcome data were collected over the two year
period when participants were 46-48 year old.

AUDIT-PC = Alcohol use disorders identification test; primary

care.
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4.4 Exposures—mid-life multimorbidity association

In gender-adjusted models, all exposures were associated with a greater risk of
multimorbidity at age 46-48: lower birthweight, lower cognitive ability at age 10,
higher BMI at age 10, more internalising and externalising problems at age 16 as well
as a more disadvantaged father’s social classes at birth (p<0.001): with unskilled
class having 43% higher risk of multimorbidity (risk ratio; RR=1.43, 95% confidence

interval 1.15 to 1.70) (Table 4.6).

Adjustment for potential confounders had little effect on the strength of the
association. An additional kilogram of birthweight was associated with 10% reduced
risk of multimorbidity (RR=0.90, 0.84 to 0.96); an increase of one point on BMI scale
was associated with 3% higher risk (RR=1.03, 1.01 to 1.05); one standard deviation
higher score on cognitive ability measure corresponded to 4% lower risk (RR=0.96,
95% CI1 0.91 to 1.00); increase of one internalising problem was equated with 4%
higher risk (RR=1.04, 1.00 to 1.08) and of one externalising problem with 6% higher
risk (RR=1.06, 1.03 to 1.09). Findings based on the count of health outcomes, as

opposed to a binary indicator, were largely consistent with the main analysis.
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Table 4.7 Association between early-life exposures and multimorbidity at age 46-48 in BCS70.

N=7,951

Relative risk (95%Cl)

Gender-adjusted

Confounders-adjusted

SES at birth (age 0) N/A*

| — professional Reference -

Il — managerial and technical 1.14 (0.94, 1.40) -

[l — skilled non-manual/manual 1.30 (1.09, 1.55) -

IV — partly-skilled 1.43(1.18,1.74) -

V — unskilled 1.43 (1.15, 1.77) -
Birthweight (age 0) 0.86 (0.80, 0.91) 0.90 (0.84, 0.96)
Cognitive ability (age 10) 0.91 (0.87, 0.95) 0.96 (0.91, 1.00)*
BMI (age 10) 1.03 (1.01, 1.05) 1.03 (1.01, 1.05)2
Internalising problems (age 16) 1.07 (1.04, 1.11) 1.04 (1.00, 1.08)3
Externalising problems (age 16) 1.09 (1.07,1.12) 1.06 (1.03, 1.09)*

*Not adjusted for any other variables as they may potentially lie on the causal pathway.

All confounders-adjusted models included: gender, father’s social class at birth, birthweight,
mother ever smoked during pregnancy, mother breastfed, mother’s height, mother’s marital status
at birth, mother being a teen at birth, household tenure (5-10), parental interest in child’s
education (10), overcrowding (5), length of time absent from school due to iliness (10), parental
divorce (16), mother’s mental health (10).

! Additionally adjusted for BMI at age 10;

2 Additionally adjusted for cognitive ability at age 10, externalising and internalising problems at
age 16;

3 Additionally adjusted for cognitive ability and BMI at age 10 and externalising problems at age
16;

4 Additionally adjusted for cognitive ability and BMI at age 10 and internalising problems at age 16.
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4.4.1 Population attributable risk

Among 20% with the highest mean of externalising problems (mean=2.84, standard
error=0.05), 41.5% experienced multimorbidity. If their mean of externalising
problems was reduced to the average of those in the other 80% (mean=0.04,
standard error=0.004), while keeping other characteristics constant, 34.8% would
have developed multimorbidity—hence 6.7% of cases might have been avoided
assuming causality. The difference between such scenarios (PAR) might have
resulted in 4.5% avoided cases of multimorbidity in regards to BMI, 3.8% to
internalising problems, 1.6% to birthweight and 1% to cognitive ability. If cohort
members whose father had partly-skilled/unskilled social class were “shifted” to one

of the higher social classes, 5% cases of multimorbidity might have been prevented.

4.4.2 Exploratory analysis—multimorbidity as clusters of conditions

The prevalence of pairs of conditions were: mental health morbidity
(MH)/hypertension (4.1%), MH/asthma (3.3%), MH/arthritis (2.5%),

diabetes/hypertension (2.1%), MH/diabetes (1.4%).

There was strong evidence (at the Bonferroni corrected p<0.003) for the association
between father’s SES at birth and clusters including mental health problems:
MH/hypertension (for unskilled vs professional class: RR=2.92, 1.23 to 6.94) and
MHY/arthritis (RR=3.41, 1.46 to 7.95) (Table 4.7). These associations were stronger
than for the individual conditions: arthritis (for unskilled vs professional class:
(RR=1.86, 1.19 to 2.91), hypertension (RR=1.52, 1.05 to 2.20) and mental health
problems (RR=1.54, 1.11 to 2.10; with p-value being slightly above the Bonferroni

threshold: p=0.005) (Table 4.8).
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Birthweight was associated with diabetes and hypertension, with 1kg higher weight
being linked with 31% (RR=0.69, 0.54 to 0.87) and 21% (RR=0.79, 0.71 to 0.88)

lower risk of having these conditions respectively (Table 4.8).

Cognitive ability was associated with MH/arthritis (RR=0.75, 0.63 to 0.89) and mental
health problems (RR=0.89, 0.84 to 0.95) (Table 4.7). Externalising problems were not
found to be linked with any cluster or individual condition. Whereas internalising
problems were linked with clusters including mental health problems:
MH/hypertension, MH/arthritis, MH/asthma and with mental health problems as an
individual condition (Table 4.7). BMI at age 10 had the strongest association with
diabetes/hypertension clusters (RR=1.25, 1.16 to 1.34) and it was linked with
diabetes and hypertension as individual conditions and their clusters with mental

health (Tables 4.7 — 4.8).
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Table 4.8 The association between early-life risk factors and multimorbidity clusters at age 46-48.

N=7,951

Father's SES at birth!
| — professional (reference)
Il — managerial and technical
[l — skilled non-manual/manual
IV — partly-skilled
V — unskilled
Birthweight?
Cognitive ability (age 10)3
BMI (age 10)*
Internalising problems (age 16)°
Externalising problems (age 16)8

MH + hypertension

MH + arthritis

MH + diabetes

MH + asthma

Diabetes +
hypertension

Relative risk (95%Cl)

*

1.27 (0.53, 3.04)
2.32 (1.11, 4.87)
2.96 (1.36, 6.44)
2.92 (1.23, 6.94)
0.82 (0.65, 1.04)
0.92 (0.75, 1.11)
1.11 (1.05, 1.18)*
1.21 (1.09, 1.34)*
1.00 (0.90, 1.11)

*

1.19 (0.51, 2.80)
1.53 (0.72, 3.26)
1.92 (0.85, 4.35)
3.41 (1.46, 7.95)
0.84 (0.64, 1.10)
0.75 (0.63, 0.89)*
1.03 (0.96, 1.12)
1.17 (1.03, 1.33)*
1.06 (0.95, 1.19)

2.69 (0.35, 20.83)
4.40 (0.67, 29.13)
5.13 (0.56, 30.32)
5.92 (0.78, 44.64)
0.99 (0.63, 1.55)
0.76 (0.57, 1.01)
1.17 (1.06, 1.28)*
1.09 (0.86, 1.38)
1.04 (0.88, 1.24)

1.67 (0.78, 3.56)
1.68 (0.83, 3.40)
2.03 (0.97, 4.26)
2.04 (0.85, 4.89)
0.84 (0.65, 1.08)
0.85 (0.72, 1.00)
1.04 (0.98, 1.11)
1.25 (1.12, 1.39)*
1.02 (0.92, 1.14)

2.04 (0.52, 7.99)
3.01 (0.85, 10.61)
3.59 (0.97, 13.35)
3.60 (0.92, 14.09)
0.69 (0.47, 1.00)
0.78 (0.56, 1.08)
1.25 (1.16, 1.34)
0.97 (0.79, 1.19)
1.04 (0.89, 1.22)

! Adjusted for gender.

2 Adjusted for gender, father’s social class at birth, mother ever smoked during pregnancy, mother breastfed, mother’s height, mother’'s marital
status at birth, mother being a teen at birth, household tenure (5-10), overcrowding (5), length of time absent from school due to illness (10),
parental divorce (16), mother’s mental health (10).

The following models included the above confounders and were additionally adjusted for:

3 birthweight, BMI at age 10;

4 birthweight, cognitive ability at age 10, externalising and internalising problems at age 16;
5 birthweight, cognitive ability and BMI at age 10 and externalising problems at age 16;
6 birthweight, cognitive ability and BMI at age 10 and internalising problems at age 16.

*significant at p-value (after the Bonferroni correction) = 0.003 (for father’'s SES at birth, it refers to all categories combined)
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Table 4.9 The association between early-life risk factors and multimorbidity clusters at age 46-48.

N=7,951

Father's SES at birth!
| — professional (reference)
Il — managerial and technical
Il — skilled non-manual/manual
IV — partly-skilled
V — unskilled
Birthweight?
Cognitive ability (age 10)°
BMI (age 10)*
Internalising problems (age 16)°
Externalising problems (age 16)°

Mental health

Arthritis

Diabetes

Asthma

Hypertension

Relative risk (95%Cl)

1.15 (0.89, 1.50)
1.28 (1.01, 1.61)
1.47 (1.14, 1.89)
1.54 (1.14, 2.10)
0.94 (0.86, 1.03)
0.89 (0.84, 0.95)*
1.03 (1.00, 1.05)
1.18 (1.13, 1.24)*
1.01 (0.97, 1.06)

*

0.86 (0.56, 1.36)
1.29 (0.89, 1.86)
1.25 (0.83, 1.89)
1.86 (1.19, 2.91)
0.94 (0.81, 1.09)
0.92 (0.83, 1.01)
1.03 (0.99, 1.07)
1.06 (0.97, 1.15)
1.08 (1.01, 1.15)

2.11 (0.83, 5.36)
2.94 (1.22, 7.10)
3.38 (1.37, 8.35)
3.29 (1.26, 8.56)
0.69 (0.54, 0.87)*
0.92 (0.79, 1.08)
1.19 (1.13, 1.25)
0.97 (0.85, 1.12)
1.07 (0.95, 1.20)

1.31 (0.96, 1.80)
1.16 (0.87, 1.54)
1.15 (0.83, 1.58)
1.09 (0.73, 1.63)
0.84 (0.75, 0.95)
0.97 (0.90, 1.06)
1.00 (0.97, 1.04)
1.05 (0.98, 1.12)
1.03 (0.96, 1.10)

*

1.05 (0.75, 1.48)
1.41 (1.05, 1.88)
1.66 (1.22, 2.27)
1.52 (1.05, 2.20)
0.79 (0.71, 0.88)*
0.93 (0.86, 1.00)
1.10 (1.06, 1.13)*
1.02 (0.95, 1.09)
1.02 (0.96, 1.08)

! Adjusted for gender.

2 Adjusted for gender, father’s social class at birth, mother ever smoked during pregnancy, mother breastfed, mother’s height, mother’s marital
status at birth, mother being a teen at birth, household tenure (5-10), overcrowding (5), length of time absent from school due to iliness (10),
parental divorce (16), mother’s mental health (10).

The following models included the above confounders and were additionally adjusted for:

3 birthweight, BMI at age 10;

4 birthweight, cognitive ability at age 10, externalising and internalising problems at age 16;
S birthweight, cognitive ability and BMI at age 10 and externalising problems at age 16;
6 birthweight, cognitive ability and BMI at age 10 and internalising problems at age 16.

*significant at p-value (after the Bonferroni correction) = 0.003 (for father’'s SES at birth, it refers to all categories combined)
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4.4.3 Cross-cohort comparisons

As shown in Table 4.10, the NCDS had 17.8% prevalence of multimorbidity at age
42-48 compared with 24.3% in BCS70 (RR=1.36, 1.28 to 1.45). Members of BCS70
had a higher lifetime prevalence of all included self-reported chronic conditions at
age 42, except for cancer for which no cross-cohort difference was found. The
BCS70 also had a higher point prevalence of obesity and diabetes and there was no

difference between cohorts in the prevalence of hypertension at age 44-48.

The prevalence of individuals with high blood pressure was lower in the younger birth
cohort (NCDS: 12.8% vs BCS70: 9.7%), whereas the proportion of the medicalised
sample was higher (NCDS: 6.1% vs BCS70: 8.1%) (Figure 4.2; Panel A). The
proportion of those with controlled hypertension (not having high blood pressure and
taking medications) was higher in the younger birth cohort (NCDS: 23.9% vs BCS70:
35.9%), whereas the proportion of untreated (having high blood pressure and not
taking medications) individuals was higher in the older birth cohort (NCDS: 67.5% vs
BCS70: 52.4%). The proportion of uncontrolled hypertensive individuals (taking
medications and still having high blood pressure) was also higher in the younger birth
cohort (NCDS: 8.6% vs BCS70: 11.8%) (Figure 4.2; Panel A). Hypertension was also

self-reported in BCS70: 10.3%.

For diabetes, the prevalence of those having high HbAlc (48 mmol/mol or higher;
26.5%) was higher in the younger birth cohort (NCDS: 2.5% vs BCS70: 3.5%) as well
as of those taking medications (NCDS: 1.9% vs BCS70: 2.5%) (Figure 4.2; Panel B).
The proportion of controlled diabetics was also higher in BCS70 (NCDS: 8.4% vs
BCS70: 19.9%), while the proportions of uncontrolled diabetics was lower in BCS70

(NCDS: 61.3% vs BCS70: 35.8%) (Figure 4.2; Panel B). Whereas the proportion of
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untreated diabetics was higher in BCS70 (NCDS: 30.7% vs BCS70: 44.3%).

Diabetes was also self-reported in BCS70: 3.8%.
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Table 4.10 Descriptive summary of the health variables and early-life exposures.

Outcomes (age)

NCDS
(n=8,883)

BCS70
(n=7,951)

Relative difference

%

%

RR (95%CI)

Multimorbidity (42-48)
Obesity (44-48)
Hypertension (44-48)
Diabetes (44-48)
Mental health case (42)
Asthma/bronchitis (42)
Migraine (42)

17.8 (17.0, 18.6)
24.7 (23.8, 25.6)
17.2 (16.4, 18.0)
3.1 (2.7, 3.5)

12.5 (11.8, 13.2)
18.4 (17.6, 19.3)
20.5 (19.6, 21.3)

24.3 (23.2, 25.4)
29.1 (28.0, 30.2)
16.0 (15.1, 17.0)
5.9 (5.3, 6.5)

17.0 (16.1, 17.9)
21.6 (21.6, 23.7)
26.8 (25.7, 28.0)

1.36 (1.28, 1.45)
1.18 (1.12, 1.24)
0.93 (0.86, 1.01)
1.91 (1.62, 2.26)
1.36 (1.26, 1.47)
1.23 (1.15, 1.31)
1.31 (1.23, 1.39)

Fits, convulsions or epilepsy (42) 25(2.1, 2.8) 3.3(2.9, 3.8) 1.35(1.11, 1.63)
Cancer (42) 2.8 (2.5, 3.2) 2.8 (2.4, 3.3) 1.00 (0.82, 1.23)
M (SD) M (SD) B (95%CI)
Multimorbidity (42-48) 1.02 (0.01) 1.23(0.1) 0.22 (0.18, 0.25)
Multimorbidity (42-48; without obesity) 0.77 (0.01) 0.95 (0.1) 17.5(0.14, 0.21)
BMI (44-48), kg.m? 27.62 (0.06) 28.30 (0.08) 0.68 (0.48, 0.89)
Systolic blood pressure, mmHg (44-48) 127.64 (0.17) 125.39 (0.19) -2.50 (-2.76, -1.74)
Diastolic blood pressure, mmHg (44-48)  79.72 (0.13) 77.73 (0.13) -1.99 (-2.37, -1.61)
HbA1C, % (44-48) 5.29 (0.009) 5.59 (0.01) 0.26 (0.23, 0.29)
Risk factors (age) M (SD) M (SD) B (95%CI)
Birthweight (0) 3.34 (0.01) 3.31 (0.01) -0.03 (-0.04, -0.01)
BMI (10/11) 17.36 (0.03) 16.96 (0.03) -0.40 (-0.48, -0.33)
Internalising problems (16) 0.89 (0.01) 0.92 (0.02) 0.04 (0.00, 0.08)
Externalising problems (16) 0.54 (0.01) 0.64 (0.16) 0.11 (0.07, 0.15)
% % OR (95%Cl)
SES at birth (0)
| — professional 5.0 (4.5, 5.4) 6.1 (5.6, 6.6) 1.22 (1.07, 1.40)

Il - managerial and technical
Il - skilled non-manual/manual
IV - partly-skilled

V — unskilled

14.0 (13.3, 14.7)
60.6 (59.6, 61.6)
12.1 (11.4, 12.9)
8.3 (7.7, 8.9)

13.8 (13.0, 14.6)
60.8 (59.7, 61.9)
13.7 (12.9, 14.5)
5.6 (5.1, 6.2)

0.98 (0.90, 1.08)
Reference

1.13(1.02, 1.24)
0.67 (0.59, 0.77)

NCDS = the 1958 National Child Development Study; BCS70 = the 1970 British Cohort Study; RR =
risk ratio; BMI = body mass index; M = mean; SD = standard deviation.
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Prevalence

5%

4%

3%

Prevalence

2%

1%

0%

NCDS

NCDS

Hypertension

BCS70

Diabetes

BCS70

PANEL A

Measured high + medications
B Measured high
Medications
u Controlled
B Uncontrolled
B Untreated

m Self-reported (BCS70 only)

PANEL B

Measured high + medications
B Measured high
Medications
u Controlled
m Uncontrolled
H Untreated

B Self-reported (BCS70 only)

Figure 4.2 Prevalence of hypertension and diabetes at age 44-48 across
NCDS and BCS70.
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The associations between the exposures and multimorbidity were closely
comparable across the BCS70 and NCDS (see Table 4.11 for results from the most
adjusted models). | found no evidence for multiplicative effect modification of year-of-
birth on any of the exposures. However, due to overall higher prevalence of
multimorbidity in the BCS70, the absolute cohort-differences somewhat increased
along with values of each exposure indicating higher vulnerability (e.g. higher number
of internalising problems or lower cognitive score) (see Figure 4.9). For instance,
among those with no internalising problems, probability of multimorbidity was higher
in BCS70 than in NCDS by 5.7% (4.0, 7.4), whereas among those with four
internalising problems this difference was 8.2% (3.5, 13.0). This increase was more
substantial across values of BMI. For instance, at BMI equal 15, the BCS70 had
5.2% (3.5, 7.0) higher probability of multimorbidity than in the NCDS. Whereas at

BMI equal 25, this difference was 12.9% (6.9, 19.0).
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Table 4.11 The association between early-life exposures and multimorbidity at age 46-48 in the

NCDS and BCS70.

Father's SES at birth!
| — professional (reference)
Il — managerial and technical
[l — skilled non-manual/manual
IV — partly-skilled
V — unskilled

Birthweight?

Cognitive ability (age 10)3

BMI (age 10)*

Internalising problems (age 16)°

NCDS

BCS70

RR (95%CI)

RR (95%CI)

*

1.36 (1.01, 1.81)
1.01 (0.77, 1.34)
1.18 (0.92, 1.52)
1.42 (1.10, 1.87)
0.84 (0.77, 0.93)
0.91 (0.85, 0.96)
1.03 (1.01, 1.05)
1.11 (1.06, 1.16)
1.05 (1.01, 1.09)

1.38 (1.06, 1.79)
1.01 (0.80, 1.29)
1.18 (0.96, 1.46)
1.29 (1.02, 1.63)
0.87 (0.80, 0.94)
0.93 (0.89, 0.99)
1.05 (1.03, 1.08)
1.09 (1.05, 1.13)
1.05 (1.01, 1.09)

Externalising problems (age 16)°

Model 1: Adjusted for gender.

Model 2: Adjusted for gender as well as child and family confounders: father’s social class at
birth, birthweight —when it was not used as the exposure, mother ever smoked during
pregnancy, mother breastfed, mother’s height, mother’'s marital status at birth, mother being a
teen at birth, household tenure (5-11), parental interest in child’s education (10/11),
overcrowding (5-11), length of time absent from school due to illness (10/11), parental divorce
(16).

Model 3: Adjusted for variables from Model 2 and child characteristics that were used as
exposures (as appropriate):

1 N/A as all other additional variables in Model 3 are potentially on the causal pathway;

2 Additionally adjusted for cognitive ability at age 10/11, externalising and internalising problems
at age 16;

3 Additionally adjusted for BMI at age 10/11;

4 Additionally adjusted for cognitive ability and BMI at age 10/11,

and externalising problems at age 16;

5> Additionally adjusted for cognitive ability and BMI at age 10/11,

and internalising problems at age 16.
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Figure 4.3 Birth-cohort-stratified predicted probability of multimorbidity across different values of early-life exposures in the most adjusted models.

130



4.5 Discussion

4.5.1 Summary of findings

The prevalence of multimorbidity was 33.8% at age 46-48—based on the data
broadly representative for those born around 1970 in Great Britain. Lower
birthweight, lower cognitive ability, higher BMI—both at age 10, more externalising
and internalising problems at age 16 were found to be associated with higher mid-life
multimorbidity after a rich set of confounders were controlled for. Also, those in less

advantaged social classes at birth were at elevated risk of multimorbidity.

Higher BMI at 16 and lower birthweight were linked with diabetes and hypertension.
Internalising problems and cognitive ability were found to be associated mainly with
comorbidities including mental health problems. However, externalising problems
were not predictive of any of the studied individual conditions or their clusters,
despite being linked with the overall multimorbidity outcome. Finally, the association
between father's SES and MH/hypertension as well as MH/arthritis was stronger in

magnitude than for individual conditions.

| found that the prevalence of multimorbidity in mid-life was higher in BCS70 (24.3%)
than in NCDS (17.8%)—based on an adapted outcome definition allowing for cross-
cohorts comparison. The most substantial, relative, rise in prevalence was seen in
diabetes and mental health problems. Members of BCS70 had a higher prevalence in
all included conditions, except for cancer and hypertension, for which differences

were not found.

There was no evidence for multiplicative effect modification of year-of-birth on any of
the exposures. However, due to an overall higher prevalence of multimorbidity in the

BCS70, the absolute cohort-differences somewhat increased along with values of
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each exposure indicating higher vulnerability (e.g. a higher number of internalising
problems or lower cognitive score). This additive interaction effect was particularly
prominent for BMI, whereas for other exposures, the absolute differences were rather
modest. However, they may amount to an important public health problem if the

cross-cohort difference turns out to be a trend across successive birth cohorts.

4.5.2 Comparison with previous studies and interpretation

The prevalence of multimorbidity in this study was comparable with the most
comprehensive estimate of multimorbidity in mid-life in the UK—which was 30.4%
among over 1.7 million general practice patients aged 45-64 in 2007 (179).
Consistently with findings of this study, previous evidence suggests that the
prevalence of multimorbidity has increased over the past two decades internationally

as well as in the UK (256-258).

Cross-cohort comparison indicated a higher prevalence in morbidity outcomes, such
as objectively measured diabetes and obesity as well as self-reported
asthma/bronchitis and epilepsy. Differences were not found in the lifetime prevalence
of any cancer and objectively measured hypertension. Consistently with findings of
this chapter, previous studies showed overall worse health outcomes in the BCS70
compared with NCDS, including psychological distress, self-reported health, long-
standing illness (39, 215, 245). Hence, those born in 1970 appear to be generally
more predisposed to suffer from poor health in comparison with individuals born in
1958. This may be due to 1958 cohort being part of the “Lucky Generation” of post-
war baby boomers, who experienced greater social mobility and socioeconomic
equality than the 1970 cohort (63). The 1970 cohort is part of the “Generation X”,

characterised by unfavourable economic circumstances during their adulthood, such
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as unemployment or elevated income inequality (63). As alluded to in section 2.4.2,
the trends in most risk factors do not, however, show a consistent pattern in the last
several decades: with some harmful exposures increasing over time and other
decreasing. For instance, adolescent BMI was comparable across the birth cohorts
(259), smoking prevalence declined, whereas alcohol consumption doubled between
1960 and 2002 in the UK (260). Participation in tertiary education, which tends to be
positively associated with health (261), increased: e.g. proportion of those who
stayed on beyond the compulsory school-leaving age of 16 years were 42% in 1979,

rising to 52% in 1988 and 71% in 1999 (262).

Early-life BMI was found to be associated with multimorbidity, which is consistent
with the previous literature on a range of adult morbidity outcomes as well as
multimorbidity specifically (73, 200, 210, 221). The evidence on the association
between BMI and diabetes and hypertension, found in this study, has been
particularly consistent in observational studies (221) and in studies using Mendelian
randomisation, in which genes are treated as instrumental variables (263). This may
be due to an increased risk of dyslipidaemia and systemic inflammation due to
obesity, which may constitute a common pathway to the development of both

diabetes and cardiovascular conditions (264, 265).

Externalising and internalising problems have been found to be associated with adult
morbidity (215, 223, 224); and with co-existing somatic and psychiatric symptoms in
mid-life (213). However, it appears that the association between internalising
problems and multimorbidity may be driven by their links with mental health problems
included in the multimorbidity definition—the association vanishes when mental

health morbidity is removed from the multimorbidity definition (results not shown).
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Interestingly, externalising problems appear to increase the risk of overall
multimorbidity to much larger extent than its major individual components. There are
several potential mechanisms linking early-life mental health problems with adult
multimorbidity. According to the allostatic stress model, exposure to chronic stressors
may result in physiological dysregulation, which predisposes an individual to poor
health (188). For instance, there is evidence on the association between children’s
depression and worse immune functioning (266). In addition, internalising and
particularly externalising problems may have a more indirect effect on later
multimorbidity, through their link with negative health behaviours, such as smoking

and drinking (267-269).

The link between early-life cognitive ability and adult morbidity has been previously
found (215, 222), yet there is no existing evidence on multimorbidity. | found
evidence for a modest association, where an increase of one standard deviation in
cognitive ability (around 15 points on a standard general intelligence test) was
associated with 4% decrease in the probability of multimorbidity. There are several
potential pathways linking early-life cognitive ability with adult multimorbidity,
including better self-care, indirect link via health behaviours or shared pathways with

education or socioeconomic position (270).

Father’s social class at birth was associated with multimorbidity in this study, which is
consistent with the extensive literature on adult morbidity (211, 217, 219, 271, 272)
and multimorbidity specifically (173, 211). This research adds to this literature by
showing a particularly strong association between father’'s SES and mental health
problems clustered with hypertension or arthritis. Previous research found that the

link between early-life socioeconomic circumstances is partially mediated by
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cognitive ability, educational attainment and school type (211). Life course theory and
related findings also suggest that early-life socioeconomic position increases the risk
of other adverse exposures, such as negative health behaviours or unfavourable
adult socioeconomic circumstances, which have a cumulative effect on health over
the lifespan (273). For instance, a recent study based on the Panel Study of Income
Dynamics found that children who experienced higher levels of early adversity were
more likely to face adversities in their adulthood (274). Furthermore, those with both
childhood and adulthood adversities had the highest risk of poor health, chronic
conditions and psychological distress in adulthood (274). Likewise, a greater number
of years in poverty was associated with increasingly dysregulated physiologic
response, such as overnight cortisol and muted cardiovascular reactivity—potentially
explaining how negative early-life experiences “get under the skin“ (275). However,
research also found association between early-life socioeconomic circumstances and
adult health, independently from adult socioeconomic position (274). This points out
an important role of childhood and adolescence in further development, as

emphasised by the sensitive or critical period life course models (50).

One study examined links between birthweight and multimorbidity finding no
association (212), contrary to findings in this chapter. However, the effect size in this
study is modest, with 10% decrease in risk corresponding to 1kg change in
birthweight; or 1.6% avoided cases, assuming causality, if 20% with the lowest
weight were “shifted” to the mean of other 80%. Overall, the evidence on the
association between low birthweight and adult morbidity is somewhat inconsistent
(214). It appears that birthweight may be an important exposure for diabetes and
hypertension, as shown by this analysis and other observational studies (276, 277).

However, the evidence suggests that only link with diabetes may be causal (276,
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277). This may be due to prenatal growth stress leading to metabolic reprogramming

beginning in utero (278, 279), according to the Barker hypothesis (43).

4.5.3 Strengths and limitations

To the best of my knowledge, this is the first study examining the association
between emotional development, cognitive ability and multimorbidity. The main
strength of this study is that it used a contemporary and representative sample of the
mid-life population born in Britain and—contrary to the previous research (200, 210,
211, 213)—accounted for a rich set of confounders, particularly parental
characteristics. There is always a risk of bias in the estimates based on observational
studies, due to omitting potential confounders, for instance, genetic factors that may
affect both early-life physical and emotional development and later health. As a
sensitivity check, | estimated the E-value, which indicates the minimum strength of
association that an unmeasured confounder would need to have with both the
treatment and outcome to fully explain away a specific treatment—outcome
association, after conditioning on the measured covariates (280). As shown in
Appendix 2F, the association between each early-life exposure and multimorbidity at
age 46-48, could be explained away by an unmeasured confounder that was
associated with both the exposure and outcome by a risk ratio of 1.21-fold each,
above and beyond the measured confounders. This value is stronger than the
association between any measured exposure or confounder and the outcome in this
study. Hence, these variables are strong candidates for potentially having a causal

relationship with multimorbidity, which future research could explicitly examine.

Another limitation of this research is that it relies on self-reported health outcomes.

However, | also included objectively measured diabetes and hypertension, which are
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free from biases related to self-reporting. In addition, self-reports appear to be
reliable measures at least in this study, as | found strong agreement between self-
reported and objectively measured hypertension and diabetes (89% and 98%

respectively; with fair—0.51—and good—0.74—Cohen’s Kappa).

A following limitation, common to studies using prospective longitudinal data, is
selective attrition and a large proportion of missing data. However, the estimates can
be unbiased even with up to 90% missing data, provided that the imputation model is
correctly specified and the data are Missing-at-Random (281). Hence, | used multiple
imputation including a range of predictors of the probability of missing information in
the outcome and the outcome itself—such as poorer general health—increasing the
plausibility of the Missing-at-Random assumption. | obtained similar estimates of
multimorbidity prevalence from analyses under different missing data generating
mechanisms (MCAR vs MAR) and across imputations based on samples with varying
missing data inclusion criteria, which provides evidence for robustness and
generalisability of the findings (see Appendix 2E). | obtained a somewhat higher
estimate of multimorbidity prevalence (35.9%, 34.9 to 37.0) based on the sample
including all those who were alive and were not permanent emigrants from Britain by
age 46-48, irrespectively if they participated in the data sweep at this age (n=15,821).
This sample was the most generalisable to the population of mid-life individuals born
around the same time. However, it was also most severely affected by attrition and
non-response, which led to higher estimates as those with missing information were

more likely to be of poor health (see Appendix 2D).

BCS70 was designed to be representative for cohorts born around the same,

capturing nearly all births in a single week in 1970. Hence, the sample includes
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nearly exclusively white, non-migrant population (155). The prevalence of
multimorbidity may vary in the migrant population, for instance due to healthy migrant
effect (385). A recent study showed that in 2019, 12% of the foreign-born population
age 35-49 in the UK had a long-lasting limiting health problem, compared with 19%%

among those born in the UK (282).

Finally, different measures of cognitive ability were used across the BCS70 and
NCDS, which may not have ranked participants equivalently across the cohorts,
potentially affecting cross-cohort comparisons in the unknown direction. However,
the scores were reduced to a single component capturing general intelligence and
standardised to reflect factorial equivalence between the two cohorts, as previously

done in other studies (235).

4.5.4 Conclusions and implications

Multimorbidity affects over one-third of middle-aged individuals and its prevalence
has increased in Britain. Due to increasing life expectancy in the last three decades,
members of the younger birth cohort are likely to spend more time of their life with
multimorbidity—a scenario known as the expansion of morbidity (see section 1.1).
The greatest increase in prevalence was seen in mental health problems, obesity
and diabetes. As multimorbidity increased in prevalence, there is a need for health
policies and interventions that will act on multiple conditions simultaneously. Co-
occurring mental and physical health conditions, such as diabetes or hypertension,
appear to be particularly important comorbidity to target—not only due to their
prevalence but also because of their detrimental link on overall functioning (205-207).
Socioeconomic disadvantage, low birthweight, high BMI, low cognitive ability and

mental health problems are all associated with mid-life chronic multimorbidity and
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various clusters of conditions. Hence, reducing their impact or prevalence, through
both health promotion and primary prevention, may improve various aspects of

health.
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Chapter 5: Mental health morbidity from early adulthood to

early old age: Evidence from the 1946, 1958 and 1970

British birth cohorts

Chapter objectives:

To investigate the age trajectory of mental health over time in three British
birth cohorts (1946 — NSHD, 1958 — NCDS and 1970 — BCS70), including—to
the best of my knowledge—the longest continuous follow up of this outcome
within the same individuals from age 36 to 69.

To examine cohort differences in mental health across three representative

British birth cohorts: 1946 (NSHD), 1958 (NCDS) and 1970 (BCS70).

Key findings:

Across three post-war British birth cohorts, there was an increase in mental
health problems between early-adulthood and mid-life.

This increase appeared to be steeper in relative terms in the NCDS and
BCS70 than NSHD.

In the NSHD, where additional data sweeps were available, mental health
improved between mid-life and early old age.

Participants of both NCDS and BCS70 also experienced elevated levels of
mental health problems in their mid-20s.

Participants of BCS70 had worse mental health than two other cohorts at

overlapping ages (26-46)
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5.1 Introduction

Common mental disorders (including depression and anxiety) are the leading cause
of non-fatal disease burden, measured by years lived with disability, (283) and their
prevalence has increased over the last three decades (284). Longitudinal studies can
help us identify high-risk life periods—with modifiable risk factors—facilitating
prevention and early detection of these disorders (52). Cross-cohort comparisons of
distress profiles can also elucidate whether risk periods are stable or vary according
to changing social and economic circumstances (63). For example, those born in the
early-70s were exposed to economic and labour market turbulence as well as social
changes, such as rising rates of divorce (63)—factors that have been linked to

mental health morbidity (285).

5.1.1 Total vs direct effect of age

Before | discuss the evidence on age and cohort trends in common mental disorders
and associated outcomes, | justify why in this study | investigate total, as opposed to
direct, effects of age on mental health outcomes. This also determines the type of
literature considered in this chapter. In the regression model, total effects represent
the sum of direct effects of time variables and indirect effects through other variables.
Whereas direct effects show effect of age (or period/cohort)—after adjustment for
socioeconomic variables such as income, education or marital status. Whether
reporting total or direct effects is of greater benefit sparked a debate in the literature,

with prominent researchers sitting on either side of the argument.

Blanchflower and Oswald argued that looking at bivariate associations between

exposure and outcome are generally unhelpful as they overestimate benefits of
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acting on the exposure due to confounding factors of risk-factor — disease
association that needs to be accounted for (286). Hence, age should be treated as a
risk factor and its effects should be considered after taking into account potential
confounders of age and mental health (286). The researchers used an analogy of the
association between smoking and cancer. In this scenario, merely looking at bivariate
association would be unhelpful, as the benefit of acting on smoking would be
overestimated due to co-occurring risk factors among smokers, such as worse diet or

lower income (286).

Glenn took a different stand, where he asserted that investigating unadjusted, total
age effects, can reveal “what really has happened to people as they have grown
older” (p. 483) and it is of “greater theoretical and practical importance than estimates
of direct effects” (287) (p. 483). Glenn argued against controlling for variables such
as marital status or socioeconomic position, as these cannot affect age hence they
cannot be considered as confounders. They may, however, mediate the relationship
between age and mental health outcomes and controlling for them may result in
overadjustment bias (288). However, stratifying on certain variables that may act as
proxies for age effects may be useful for descriptive and hypotheses-generating
purposes (289). For instance, if mental health continuously worsens throughout the
life course among those in a low but not in a high socioeconomic position, one could
speculate this is related to disadvantage accumulated throughout the life course,

which could be formally studied.

The smoking example given by Blanchflower and Oswald is a poor analogy (286).
Smoking is a well-defined risk factor for lung cancer and the research is currently

focused on understanding its mechanisms of action and “the medical benefit from

142



cutting back on cigarettes” as phrased by Blanchflower and Oswald (288) (p. 488).
As we cannot “cut back” on age, we can only aim to reduce its impact by
understanding proxy variables associated with ageing that can be intervened on.
Indeed, after the evidence on trends is established, it would be of interest to better
understand the mechanisms linking age and mental health. Potential mediators ought
to be cautiously chosen using existing knowledge, while confounders of the
relationship between those mediators and mental health should be considered using
formal casual methods to estimate the mediated effects to understand potential
benefits of an intervention (290). For instance, when studying income as a potential
mediator of the relationship between age and mental health, factors such as
cognitive ability, family structure or physical health, among other variables, should be

accounted for.

There are only two variables that may confound the association between age and
mental health—year-of-birth and calendar period (time of measurement of the
outcome)—and they should be accounted for. However, they are perfectly collinear
with age and cannot be simultaneously estimated (see section 1.2.2) (287).
Nonetheless, studying cohort differences in age trajectories may improve
generalisability of findings. If the age trends appear to be universal across birth
cohorts (and different calendar years), potential causal explanations should be
defined around age effects. Alternatively, if cohort differences are found, this may
suggest that aetiological mechanisms may vary depending on social and economic
context, associated with cohort effects (and possibly partially driven by period
effects). For instance, higher levels of psychological distress were found in BCS70

than NCDS in early-adulthood (38, 291). This may be attributed to those born in 1970
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being exposed to a disadvantage in their transition from education to work in the mid-

1980s due to high unemployment among young people (292).

The debate about whether one should provide crude or adjusted estimates of trends
has been focused around age effects (286, 287), however, the same arguments
apply when studying cohort or period trends. All socioeconomic variables, which are
commonly controlled for, such as socioeconomic status, education or marital status
may mediate the relationship between year-of-birth (or calendar year) and mental
health. Hence, they should be theoretically and methodologically formulated as
mediators, as opposed to confounders. Such analysis was conducted by Ploubidis
and colleagues, who used formal causal methods to examine the role of potential
mediators in explaining differences in psychological distress at age 42 across 1958
and 1970 birth cohorts (38). Importantly, age should always be considered when
studying cohort (or period) effects in order to ensure that changes over time are not

purely due to ageing.

As | will argue in the following section, the trends in mental health are still poorly
understood. Hence, they should be described using the best available evidence,
before we study specific mechanisms explaining the relationship between time
variables and mental health. Therefore, in the next section, | will consider key studies

of the total effect of time variables on mental health.

5.1.2 Evidence before this study

As the systematic literature review in Chapter 2 focused mainly on period and cohort
effects in physical health outcomes, | conducted a systematic search to identify key
studies relevant for this chapter. | searched PubMed for studies investigating total

effect of age and/or cohort time variables on outcomes related to common mental
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disorders in high-income countries. The studies of interest were published between
1st January 2000 and 25th March 2019. Research published from 2000 onwards was
considered, as Jorm and colleagues conducted a systematic review of studies
published up to 2000. The search comprised a combination of terms related to
mental health outcomes (depress*, anx*, common mental disord*, distress, mental
health, mental illness) and secular trends (age effect*, period effect*, cohort effect*,
age-period-cohort, secular trend*, life course trajector*, life course profile). In this
study, | collectively refer to measures of diagnosed common mental disorders, their
symptoms or general distress as mental health outcomes. | excluded studies with
non-adults population (mean age under 18) and with time variables (year-of-birth and
period) outside those included in this study (birth cohorts: 1946-1970 and period:
1972-2016). As explained in section 1.2.2, cross-sectional studies cannot disentangle
age and cohort effects, as these variables are perfectly collinear—hence, they were

also excluded. | identified 15 relevant studies, with abstracts published in English.

First, | outline evidence from repeated cross-sectional studies, which are designed to
study period effects, but also allow for following the same birth cohorts over time (but
not the same individuals)—therefore studying age and cohort effects simultaneously
is possible by crating “pseudo cohorts”. Subsequently, | describe evidence based on
longitudinal studies, as they have the advantage of following the same individuals
over time, where each subject is his or her own control hence providing better
estimates of the true ageing processes. However, when a single birth cohort is
followed over time, age and period are perfectly collinear. Hence, using longitudinal
studies with an accelerated design is necessary, where different birth cohorts are
followed as they age. Such design can be achieved by combining multiple British

birth cohorts, as it is done in this study and it allows for transcending period effects—
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as each birth cohort experiences the same age at different calendar year.
Nonetheless, as explained in section 1.2.2, even in accelerated longitudinal studies it
is impossible to estimate age-period-cohort effects simultaneously and strict
assumptions need to be made about one of the time variables. Following the
approach of previous research (289, 293), | argue that period effects can be omitted
as it is implausible that there would be any linear (or higher polynomial) period trend
in mental health affecting all age groups simultaneously. There may be short-term
events resulting in a decline in mental health of a large segment of the population, for
instance, due to the 2008 economic crisis (294). Yet it is unlikely that they result in a
continuous periodic trend affecting all ages. Cohort effects may provide a better
explanation for changes in mental health over time due to changing social and
socioeconomic circumstances affecting individuals as they age (295). In accelerated
longitudinal studies, short-term fluctuations in mental health due to period effects will
translate into age-specific cohort effects that can be discussed without a formal age-

period-cohort analysis (295).

5.1.2.1 Age effects (age-by-cohort effects)

Jorm and colleagues conducted a systematic review of studies published before
2000 examining age effects in anxiety, depression or distress in the general
population of high-income countries aged 30 or older. The review concluded that the
most common trend across studies was an initial rise in mental health problems
across age (up to age 45-55), followed by a drop—however, the patterns were
somewhat inconsistent (296). One of the key strengths of the review was that it

included studies using consistent methods of the outcome assessment throughout
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age, for instance, the Present State Examination or General Health Questionnaire

(296). However, most of the included studies were cross-sectional (296).

Probably the most well-known and cited study using repeated cross-sectional data
was conducted by Blanchflower and Oswald (297). It found a U-shaped relationship
between age and measures of wellbeing (e.g. happiness, life satisfaction), with the
lowest point at around age 45, in 72 developed and developing countries. The
analysis of the repeated cross-sections (pooled across 2004-2007) of the UK Labour
Force Survey, showed an opposite, hill-shaped association between age and self-

reported depression—picking at age 45 (297).

In a more recent study, Spiers and colleagues conducted a pseudo-cohort analysis of
the British Adult Psychiatric Morbidity Survey conducted in 1993, 2000 and 2007,
which used the Revised Clinical Interview Schedule (CIS-R)—a measure of common
mental disorders (293). They found that the frequency of common mental disorders
(CIS-R score 12 or above) peaked between ages 40 years and 50 years in men, but
did not vary with age in women (293). When a more severe version of the outcome
was considered (CIS-R score 18 or above), the frequency was at its highest after age

40 years in both genders (293).

The evidence from international repeated cross-sectional studies is largely consistent
with the UK-based evidence. Keyes and colleagues conducted a comparative
analysis of two large representative studies in Canada (1997-2010) and the USA
(2000-2007), with distress being measured using the 6-ltem Kessler Psychological
Distress Scale (298). In both countries, psychological distress was highest in late
adolescence and during the late 40s and early 50s (298). Likewise, Sunderland and

others found increasing internalising psychopathology between age 30-39 and 40-49,
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followed by a decrease from 50-59 to 60-69 (between 1997 and 2007) (299).
Nonetheless, inconsistencies in age patterns occur across countries. For instance,
three Danish population-based surveys of individuals aged 45 or older (in 1995-2001)
showed little change during adulthood in depressive symptoms among those under

70 years old (300).

Longitudinal studies in the UK show somewhat inconsistent age patterns in mental
health outcomes. The most common finding across the studies is an increase in
mental health problems between early-adulthood and mid-life (289, 291, 301).
However, there are some discrepancies in the evidence showing either a continuous
increase from early-adulthood, or an initial decrease and subsequent increase (289,
291, 301). The greatest inconsistency in the evidence, however, is related to the
apparent improvement in mental health between mid-life and older-age. The studies
based on the British Household Panel Survey (1991-2008) found a peak in distress
at around age 40, followed by a subsequent decline and rise again at older age (289,
291, 301). However, after controlling for birth cohort, mental health appeared to
worsen throughout the life course, with a slowing decline in mid-life (289, 301). A
study based on the English Longitudinal Study of Ageing showed declining rates of
distress between age 50 and 60 regardless of birth cohort and subsequently
increasing rates between age 65 and 90 (302). The initial decline in distress in the
50s was only seen in the war cohort in the USA, but not in the post-war cohort, in the

US Health Retirement Study (302).

In other countries, Brault and colleagues showed increasing depressive symptoms
throughout the life course among Belgians aged 25-74, followed annually from 1992

to 2002, with the steepest increases between age 25 and 50 as well as 65 and 74
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(303). Likewise, a study in Sweden found a non-linearly increasing prevalence of
anxiety by age among cohorts born between 1910 and 1989, with steeper increases

in more recently born cohorts (304).

5.1.2.2 Cohort effects

Overall, the evidence rather consistently points towards worsening mental health
across birth cohorts in the UK. The 1958 birth cohort (NCDS) had higher levels of
psychological distress between age 23/26 and 42 than the 1970 birth cohort (BCS70)
(38, 291). Bell found worsening mental health across 1984-1990 birth cohorts in the
British Household Panel Survey, a large longitudinal household panel study (289).
The 1970 birth cohort had higher levels of mental health problems than 1960 at
overlapping ages (31-38) and 1960 had worse mental health than 1950 birth cohort
(at age 41-48) in this dataset (289). Those born in 1957-63 also had worse mental
health than 1943-9 at overlapping age in the National Psychiatric Morbidity Surveys
in England (1993-2000), with 1971-77 having a higher prevalence of common mental
disorders than the preceding cohorts (293). Increasing rates of mental health
problems across birth cohorts were also found in Belgium (1918-27 — 1958-67) (303),
Sweden (1910-7 — 1982-89), Canada (1940-3 — 1989-92) (298), USA (1948-50 —

1993-5) (298, 299), Australia (1940s vs 1970) (305).

5.1.3 Aims and hypotheses

This study aimed to investigate the age trajectory of mental health over time in three
British birth cohorts (1946 — NSHD, 1958 — NCDS and 1970 — BCS70), including—to
the best of my knowledge—the longest continuous follow up of this outcome within

the same individuals from age 36 to 69. In addition, | examined cohort differences in
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mental health across three representative British birth cohorts: 1946 (NSHD), 1958
(NCDS) and 1970 (BCS70). Combination of these three studies allowed for studying
age and cohort effects in mental health among 28,362 participants, aged 23-69, over

a period of 1981-2016.

A comparison across birth cohorts allows for greater generalisation of findings across
post-WW?2 generations and transcending period effects. This study expands on the
previous analysis of age and cohort effects of NCDS and BCS70 (38, 291), by
including additional waves of data (age 50 in NCDS and age 34 and 46 in BCS70)

and by including NSHD—the oldest and longest-running birth cohort in the UK.

| hypothesise that (1) mental health morbidity will increase from early-adulthood and
mid-life across all three birth cohorts; which is preceded by elevated distress in 20s
(38, 291); (2) mental health morbidity will decline from mid-life into older age in
NSHD; (3) mental health morbidity will increase across birth cohorts when age is

accounted for.
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5.2 Method

5.2.1 Study population and design

| excluded those who died, emigrated from Britain or without at least one valid
measure of mental health between age 23 and 69, which resulted in the analytical
longitudinal sample of: n=3,093 for NSHD, n=13,250 for NCDS and n=12,019 for
BCS70 (Figure 5.1). The estimates of the prevalence of mental health caseness are
also provided using cross-sectional sample attained at each data sweep, excluding
those who died or emigrated (age 23-26: NCDS and BCS70; age 30: BCS70; age

33-36: all cohorts; age 42-43: all cohorts; age 50-53: NSHD and NCDS).

Died or emigrated by the
last data sweep:

» NSHD (age 69): n = 1,604
NCDS (age 50): n = 2,578
BCS70 (age 46): n = 1,375

Original sample
NSHD: n = 5,362
NCDS: n= 17,415
BCS70: n=17,196

v Did not have any outcome
NSHD: n = 3,758 measure:

NCDS: n = 14,837 » NSHD (by age 69): n = 665
BCS70: n=15,821 NCDS (by age 50): n = 1,587

BCS70 (by age 46): n = 3,802

Analytical sample
NSHD: n = 3,093

NCDS: n = 13,250
BCS70: n=12,019

Figure 5.1 Flow diagram of the study sample.
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5.2.2 Measures

The measures used in this study were not designed to diagnose any specific mental
health condition, but rather capture symptoms related to common mental disorders,
such as depression and anxiety. Both continuous and discrete versions of the
variables were used. | derived a binary indicator of caseness, based on the validated
thresholds (see Table 5.1), which helps to identify individuals who score high enough
to be classed as a clinical case. It is a useful outcome from the public health
perspective as it helps to estimate service needs. On the other hand, a problem with
the categorical approach is the difficulty in defining empirically driven clear-cut
thresholds distinguishing between the presence and absence of a disorder. For
instance, those below cut-off thresholds of depression and anxiety disorders still tend

to have a higher risk of functional impairment or premature mortality (306).

The NSHD included a range of mental health measures: a clinical interview for the
frequency and severity of psychiatric symptoms in the preceding month at age 36
(the Present State Examination; PSE) (307); an interviewer-administered 18-item
instrument derived from the PSE, focusing on symptoms of anxiety and depression
during the preceding year at age 43 (the Psychiatric Symptom Frequency; PSF)
(308) and a self-administered questionnaire assessing symptoms of anxiety and
depression in the preceding four weeks at ages 53, 60-64 and 69 (the 28-item
General Health Questionnaire; GHQ) (309). All measures were found to be
psychometrically robust (see Table 5.1 for more details). Due to differences in the
measures used within NSHD, the continuous version of the outcome was based on
seven harmonised items, which captured the same symptoms (more details in

section 5.2.3).
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In NCDS and BCS70, at all ages, cohort members completed the Malaise Inventory
(230), a measure of psychological distress level, or depression and anxiety
symptoms. The longer version of the Malaise Inventory, including 24 “yes-no”
guestions was used at age 23, 33, 42 in NCDS and at age 26, 30 in BCS70. At age
34 and 46-48 within BCS70 and age 50 in NCDS, 9 of the 24 questions were asked
(in the “yes-no” format). To aid comparability, only the shorter version was used in
the current study, which correlated highly with the 24-item version (NCDS r = 0.91 at
age 42 years and BCS70 r = 0.92 at age 30 years). The continuous outcome within
NCDS and BCS70 was derived by summing up nine items of the Malaise Inventory at
each data cross-section, with “yes” corresponding to 1 and “no” corresponding to 0.
Hence, each participant who completed all nine items had a score ranging from 0 to
9 at each data sweep. Having four or more symptoms indicated being a case. The
scalar invariance of the measure has been found within and across the NCDS and
BCS70, as well as between genders (38, 310) (Appendix 3A). This implies that the
symptoms captured by the items of the Malaise Inventory were interpreted
equivalently by the participants, regardless of their age, cohort membership or
measurement modes used at different ages. The Malaise Inventory has been found
to have good psychometric properties (311) and has been used both in the general

population and high-risk groups (312).
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Table 5.1 Measures of mental health used across the cohorts; details.

Measure

Details

Caseness
threshold

Psychometric (reliability/validity)
and clinical properties

Present State
Examination

Psychiatric
Symptoms
Frequency

GHQ-28

Malaise Inventory

A clinical examination, conducted by a
nurse, assessing the frequency and
severity of a range of psychiatric
symptoms in the preceding month.
Used at age 36 in NSHD.

18 items (based on the Present State
Examination); 5-point scale (O = never in
the last year; 1 = up to 10 days in total,
less than once a Month; 5 = every day in
the last year); assessing on symptoms of
anxiety and depression during the
preceding year; administered by a nurse.
Used at age 43 in NSHD.

28 items assessing symptoms of anxiety
and depression in the preceding 4
weeks; a 1 to 4 point Likert scale and
recoded into binary values; self-
administered.

Used at ages 50-69 at NSHD.

A shorter 9-item version (as opposed the
full 24 items version); binary (“yes-no”)
response scale; self-administered.

Used across all ages in BCS70 and
NCDS.

5 or higher on the
Index of Definition
(307)

23 or higher on the
summed up score
(308)

5 or higher endorsed
symptoms (313)

4 or higher on the
summed up score

Tested in the general population: high agreement with
the clinical diagnosis of common mental health
disorders (=90%); high concurrent validity with other
measures of psychological distress (307). A diagnostic
tool, hence information on specificity and sensitivity
not provided.

Tested in the general health care/general population
(age = 43); Cronbach’s alpha = 0.88; all items
identified a common factor; AUC against reports of
contact with a doctor/use of prescribed medication for
"nervous or emotional trouble or depression” (0.84 —
0.86) (308).

Tested in the general health care (adults): Cronbach’s
alpha = 0.82 — 0.86 (313); all items identified 4 factors
explaining 62% variance in psychological distress
(309); AUC against diagnosed psychiatric morbidity
(0.93) (313).

Tested in the general population (age 23-33);
Cronbach’s alpha = 0.70 — 0.80; all items identify a
common factor; AUC against self-reported diagnosed
psychiatric morbidity = 0.77 — 0.79) (238).

* Sensitivity (the proportion of cases who are correctly identified) and specificity (the proportion of non-cases correctly identified) expressed as
area under the curve (AUC) (314).
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5.2.3 Harmonisation of the continuous outcome

There were differences between the instruments within NSHD and between NSHD
and the other two cohorts. Hence, it was necessary to select comparable items from
each measure in order to produce valid comparisons within NSHD, as well as
between NSHD and two other cohorts. To the best of my knowledge, this is the first
attempt to correct for measurement error due to different measures of mental health

in the British birth cohorts.

Candidate items for harmonisation were identified by three independent raters
(psychologists all experienced in research and one in clinical practice). Initially, two
raters scrutinised every available item within each measure administered in the
cohorts and assigned each individual item a code reflecting its core content at the
symptom level. In cases where the two raters disagreed, a third independent rater
decided which item code (if either) was most appropriate (315). In this process,
seven items were selected for the NSHD, which facilitated comparisons within the
cohort. In addition, following the same process, four items were identified allowing for
comparisons across the NSHD, NCDS and BCS70. Agreement between the raters

was high (88%).

As a validity check, new binarised items were summed-up and correlated with the
full, original scale scores. These correlations ranged from 0.78 (PSF) to 0.98
(Malaise), which demonstrated that the recoding process did not interfere unduly with
the rank ordering of participants. To further test whether the two sets of harmonised
items were comparable, their measurement equivalence within NSHD (7 items) and
across all cohorts (4 items) was formally tested. Measurement equivalence or

invariance, was tested using latent variable multigroup models that allow verifying the



degree to which items function equivalently and therefore if they can be reliably
compared across groups (310, 316). The “groups” were defined by age within NSHD

and by age and cohort across all three cohorts.

Scalar invariance was obtained for subscales consisting of the seven harmonised
items within the NSHD (see Appendix 3B for model comparisons across different
invariance levels). Thus, it be can concluded that the 7-item subset is highly
comparable across ages within NSHD. With respect to the 4-item subset, partial
scalar invariance was observed, thus it can be used for comparisons of mean-level
scores (i.e. summed-up total) within and across cohorts (see Appendix 3C for model

comparisons across different invariance levels) (317).

It was necessary to synchronise the response scales across the measures (see
Table 5.2). As transforming the binary response of the Malaise Inventory was not
possible, the other three measures were recoded to a binary format. Every item from
the GHQ, PSF and PSE was recorded as either 0 (absence of symptom) or 1
(endorsement of symptom). The (0-0-1-1) scoring was used for the GHQ, with
“‘worse/more than usual” or “much worse/more than usual” corresponding to an
endorsement of a symptom. Symptoms within the PSE were considered as endorsed
if present regardless of clinical severity. Finally, the endorsement of symptoms within

the PSF was indicated by responding “quite often”, “often” or “always” to a question.
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Table 5.2 Harmonised items across measures of psychological distress.

Symptom Present State Examination Psychiatric Symptom Frequency General Health Questionnaire  Malaise Inventory
Questionnaire

Low Mood Do you keep reasonably cheerful or have Over the last year have you been in Have you recently been able to Do you often feel
you been very depressed or low spirited low spirits or felt miserable? enjoy your normal day-to-day miserable or
recently? (rate depressed mood) activities? depressed?

Fatigue Have you been exhausted and worn out Over the last year have there been Have you recently been feeling Do you feel tired most of
during the day or evening even when you days when you tired out very easily?  in need of a good tonic? the time?
haven’t been working very hard? (rate
tiredness/exhaustion)

Tension Do you often feel on edge, keyed up, Over the last year have you felt on Have you recently felt constantly  Are you constantly
mentally tense or strained? (rate nervous edge, keyed up or mentally tense? under strain? keyed up and jittery?
tension)

Panic Have you had times when you felt shaky or  Over the last year have you been in Have you recently been getting Does your heart often

you heart pounded or you felt sweaty and
you simply had to do something about it?

situations when you felt shaky or
sweaty or your heart pounded or you
could not get your breath?

scared or panicky for no good
reason?

race like mad?

Hopelessness

How do you see the future? (rate
hopelessness)

Over the last year have you had the
feeling that the future does not hold
much for you?

Have you recently felt that life is
entirely hopeless?

Health Do you tend to worry over your physical Over the last year have you been Have you recently felt that you
anxiety health? (rate hypochondriasis) frightened or worried about becoming are ill?
ill or about dying?

Sleep Have you had any trouble getting off to Over the last year have you had Have you recently lost much
problems sleep in the last month? trouble getting off to sleep? sleep over worry?

(rate delayed sleep)
Response Symptom not present/ Symptom definitely Never/ Occasionally/ Sometimes/ Not at all been feeling in need of No/Yes
options present during past month, but of moderate Quite often/ Very often/ Always a good tonic?)/ No more than

clinical intensity/ Intense form of symptom
present for more than 50% of past month

usual/ Rather more than usual/
Much more than usual

*Additional items used for investigating age effects in mental health morbidity within the 1946 cohort (NSHD).
**Values provided for harmonised 4-items scale.
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5.2.4 Missing data

The extent of missing data was greater in younger cohorts (Table 5.3); for instance,
at age 42-43 the outcome data were missing in 12.2% of the eligible sample in
NSHD, 20.8% in NCDS and 35.5% in BCS70 (Table 5.3). The multilevel models
account for missing data using full maximum likelihood, which produces valid results
under the Missing At Random (MAR) assumption (318). The MAR mechanism, which
is largely untestable, implies that systematic differences between the missing values
and the observed values can be explained by observed data (247). | re-ran the
multilevel models after replacing missing data using multiple imputation (Ml) with
chained equations (20 imputations), obtaining consistent results. The multiple
imputation (MI) also provides valid results under the MAR assumption (247).
However, it allows for including variables in the estimation model, which are
predictive of missingness in the outcome and/or related to the incomplete outcome
itsel—such as parental social class at birth, birthweight and mental health at age
15/16 (Table 5.3). The inclusion of these variables increases the plausibility of the
outcome being MAR. The MI was also used to estimate, model-free, cross-sectional
prevalence of cases within each cohort. A comparison of estimates based on

different missing data strategies allows for testing robustness of the findings.
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Table 5.3 Frequency and predictors of missing data in the outcome.

N (eligible sample) Age 33-34 Age 42 Age 50-53
n (%) n (%) n (%)
1946 (n=3,093) 376 (12.16) 376 (12.16) 520 (16.81)

1958 (n=13,250)
1970 (n=12,019)

Logistic regression estimates

Birth cohort (1946 — reference category)
1958

1970

Women (men — reference category)

Non-manual father’s occupational class
(manual — reference)

Mental health morbidity at age 15/16
Mental health morbidity at preceding age

Normal birthweight (low: <2500g —
reference)

2,854 (21.54)
3,287 (27.35)

2,751 (20.76)
4,270 (35.53)

4,129 (31.16)

Missing outcome

Outcome

Missing outcome

Outcome

Missing outcome

Outcome

RR (95%CI)

1.76 (1.64, 1.88)
2.23 (2.08, 2.39)

0.83 (0.80, 0.87)

1.23 (1.16, 1.30)
1.17 (1.07, 1.28)

1.28 (1.19, 1.38)

0.91 (0.83, 0.99)

RR (95%CI)

1.32 (1.17, 1.49)
2.70 (2.41, 3.02)

1.82 (1.68, 1.97)

1.24 (1.14, 1.36)
2.19 (1.95, 2.46)

6.25 (5.72, 6.84)

0.80 (0.68, 0.93)

RR (95%CI)

1.61 (1.50, 1.72)
2.75 (2.58, 2.94)

0.85 (0.82, 0.89)

1.21 (1.16, 1.27)
1.15 (1.06, 1.25)

1.62 (1.50, 1.74)

0.87 (0.81, 0.95)

RR (95%CI)

1.06 (0.97, 1.15)
1.48 (1.37, 1.61)

1.53 (1.44, 1.63)

1.28 (1.19, 1.38)
2.05 (1.86, 2.25)

5.32 (5.00, 5.67)

0.85 (0.74, 0.97)

RR (95%CI)

1.77 (1.67, 1.87)

0.96 (0.94, 0.98)

1.27 (1.19, 0.96)
1.04 (1.00, 1.09)

1.26 (1.22, 1.31)

0.91 (0.87, 0.95)

RR (95%CI)

0.77 (0.72, 0.83)

1.62 (1.51, 1.75)

1.07 (0.98, 1.16)
1.60 (1.42, 1.80)

3.85 (3.58, 4.13)

0.82 (0.70, 0.96)
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5.2.5 Age trajectories of mental health

| used the multilevel growth curve framework—with the logit models for a binary
outcome and the Poisson models for continuous (count) outcomes. This framework
allows for modelling data that are unbalanced in time as well as the inclusion of
missing data (318). It also accounts for the hierarchical dependency of observations
(level 1) within individuals (level 2)—with age becoming an observation-level variable
(319). A similar modelling strategy was employed for both binary and continuous
outcomes. Age polynomials were included as far as significant at p<0.05 (up to a
cubic term) and they were retained in the model if this improved the model fit
according to the Akaike Information Criterion (AIC) and the Bayesian Information
Criterion (BIC), with lower values indicating better fit. All-models were controlled for
gender. The fixed part of all models included age, gender and the intercept. The
random part of the model captured variance in the intercept. Random age slopes
were not included as the models resulted in non-positive definite matrices, possibly
due to highly unbalanced data (320), or very low variance in the random slopes. All
models included weights to account for the social class-stratified sample of the
NSHD, with participants from the NCDS and BCS70 being given the weighting value
of one. All analyses were conducted using Stata 15 (321). The cohort- and-age-
stratified estimates from the model, obtained with predictive margins, were compared
to cross-sectional values that did not rely on the mathematical shape functions of the

model.

In the analysis with a 4-items subset, age-by-cohort interaction was additionally
tested in the fixed part of the model, at the significance level of p<0.05 and according

to AIC and BIC. This formally examined if age profile in mental health outcomes was
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universal across the birth cohorts. In addition, the main effects of birth cohorts were
studied to test if younger birth cohorts had a higher level of mental health morbidity
when age was accounted for. Finally, using comparable items across and within
cohorts allowed for modelling the age trajectory of mental health pooled across all
cohorts—resulting in a curve capturing growth based on observations from age 23 to

69.

5.2.6 Supplementary analysis - age distribution of individual symptoms

| also plotted cohort-stratified age profile of each symptom from the harmonised 4-
items subset. This was a descriptive, model-free, analysis aiming to explore whether
all symptoms followed a similar age distribution as the aggregated scales. In addition,
the proportion of individuals with different counts of symptoms were plotted within
each cohort (based on harmonised 7-items in NSHD and 9-items in NCDS/BCS70).
This would help to explain potential discrepancies between the results obtained with

the binary and continuous outcomes.
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5.3 Results

5.3.1 Age distribution of mental health

Table 5.4 presents age distribution of mental health caseness, derived using the
binary threshold. The MI (multiple imputation) column corresponds to cross-sectional
estimates based on multiple imputation. The proportion of cases was highest in mid-
life in all three cohorts (i.e. 19.1% at age 53 in NSHD, 15.2% at age 50 in NCDS,
19.9% at age 46 in BCS70) (Table 5.4). Across all ages, there was a higher
proportion of cases in BCS70 than NCDS. A direct comparison with NSHD was not

possible due to differences in the outcome measures—as explained in section 5.2.3.
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Table 5.4 Age distribution of caseness (as a binary outcome) based on the multiple imputation and multilevel logit regression.

NSHD NCDS BCS70

MI MLR MI MLR MI MLR

% (95%ClI) % (95%CI) % (95%CI) % (95%ClI) % (95%ClI) % (95%ClI)
Age 23-26 9.6 (9.0, 10.1) 9.9 (9.3, 10.5) 16.0 (15.2, 16.8)  16.3 (15.5, 17.1)
Age 30 13.7 (13.1, 14.4)  14.8 (14.2, 15.4)
Age 33-36 6.0 (5.1, 6.9) 6.2 (5.4, 7.2) 7.9 (7.3, 8.4) 8.0 (7.5, 8.5) 16.1 (15.4, 16.9)  15.7 (15.1, 16.3)
Age 42-43  11.9 (10.7,13.1)  12.5(11.6, 13.5) 13.3(12.6,13.9)  13.7 (13.0, 14.4) 18.7 (17.9, 19.4)  19.7 (18.9, 20.5)
Age 46 19.9 (19.0, 20.1)  20.0(19.2, 20.1)
Age 50-53  19.1(17.6,20.7)  19.5(18.3, 20.7) 15.2 (14.3,16.0)  15.8 (15.1, 16.6)
Age 60-64  18.1(16.5,19.6)  19.5 (18.4, 20.6)
Age 69 14.8 (13.3,16.3)  15.2 (13.7, 16.8)

MI = estimates based on multiple imputation; MLR = predicted probability from the multilevel logit regression.
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5.3.2 Trajectory of mental health across adulthood (age effects)

The age trajectories of mental health, based on the model with the best fit, followed a
guadratic shape in NSHD, cubic in NCDS as well as BCS70 (see Figure 5.3 — Panels
A & B and Appendix 3D for details). There was an increase in the probability of
caseness between early-adulthood and mid-life in all three cohorts. Predicted
probability of being a case, obtained from the multilevel logit model, increased from
12.5% at age 36 to 19.5% at age 50-53 in NSHD; from 8.0% at age 33 to 13.7% at
age 42 in NCDS; and from 15.7% at age 34 to 19.7% at age 42 in BCS70 (MLR
column in Table 5.4). Both in the NCDS and BCS70, there was an initial drop in the
probability of being a case between age 23-26 and 33-34. In NSHD, where the data
were collected until an early old age, there was a drop in the probability of caseness

from age 60-64 to 69 (19.5% vs 15.2%).

The best-fitted curves from the multilevel Poisson model, using a continuous version
of the outcome, also had a quadratic shape in the NSHD and cubic in both the NCDS
and BCS70 (see Figure 5.3 — Panels C & D and Appendix 3E for details). However,
there were slight differences in the trajectories, compared with those obtained with
the binary outcome. The curve in the NSHD was slightly flatter, where the increase in
the mean number of mental health problems in mid-life was not as severe as the rise
in the proportion of cases. In the NCDS, the predicted mean number of symptoms
remained relatively stable between age 42 and 50 (1.65, 95%CI 1.61 to 1.69 vs 1.64,
95%CIl 1.60 to 1.69), whereas the probability of being a case increased marginally in
the same age range (13.7%, 95%CI 13.0 to 14.4 vs 15.8% 95%CI 15.1 to 16.6). In
the BCS70, the mean number of symptoms declined between age 42 and 46 (2.04,

95%CI 1.99 to 2.09 vs 1.91, 95%CI 1.86 to 1.96) when the continuous outcome was
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used, which was in contrast to stable probability of caseness (19.7% 95%CI 18.9 to
20.5 vs 20.0% 95%CI 19.2 to 20.1). Overall, women had higher levels of mental
health problems across all birth cohorts when either version of the outcome was used

(Appendices 3F and 3G).

Considering longitudinal changes in proportions of those with a different number of
symptoms may help to understand the discrepancies between the binary and
continuous outcomes. As presented by Figure 5.4, it appears that the initial increase
in mental health problems in early-40s is driven by the declining proportion of those
with no symptoms and an increase in the proportion of those with any number of
symptoms. Hence, in this life stage, binary and continuous outcomes show similar
results. Subsequently in mid-40s and early-50s, both the proportions of those with no
symptoms and with four or more symptoms (or three or more in NSHD) increase.
Whereas individuals who had between one and three (or one and two in NSHD)
symptoms declined in proportion. This leads to a discrepancy in results between the
binary and continuous outcomes, where the curves of a continuous outcome show a

more positive trajectory.
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5.3.3 Age and cohort effects in mental health—based on the 4-items subset

Harmonisation of individual items allowed for direct comparisons across all three
cohorts as well as for modelling the age trajectory based on observations from age
23 to 69 after pooling all measures across cohorts. Overall, the age trajectories within
all cohorts were comparable to those obtained in the analysis using the binary and
continuous versions of the outcome including seven (NSHD) or nine (NCDS/BCS70)

items (Figure 5.5).

After pooling all measures across cohorts and keeping year-of-birth constant, the age
trajectory followed a cubic shape (Figure 5.5), with mental health problems
increasing from early-adulthood to mid-life and subsequently declining into older age.
There was evidence for age-by-cohort interaction, indicated by significance of
age*cohort terms (p<0.05) and improvement of the model according to AIC and BIC.
This provided evidence for differences in age trajectories across cohorts. | further
tested if the increase from early-adulthood (age 33-36) to mid-life (42-43) was
uniform across the cohorts. There was evidence for a steeper increase in symptoms
in NCDS (B = 0.51, 95%CI 0.48, 0.53) and BCS70 (B = 0.48, 95%CI 0.45, 0.50)
compared with NSHD (B = 0.38, 95%CI 0.30, 0.46); no difference was found
between NCDS and BCS70. Younger birth cohorts not only experienced a steeper
increase in symptoms in mid-life, but also had overall higher levels of symptoms
when age was accounted for (main effects of birth cohort, with NSHD as a reference:

NCDS B = 0.24, 95%Cl 0.17, 0.30; BCS70 B = 0.66, 95%CI 0.60, 0.72).

Considering all birth cohorts simultaneously also allowed for exploring potential
period effects by plotting trajectories with calendar years on X-axis instead of age

(Figure 5.6). The increase in mental health problems from early-adulthood to mid-life
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occurred during 1990s in the NSHD and NCDS, which may suggest at least partial
influence of period effects. However, a similar trajectory at the same life-phase was
also observed for BCS70 from the year 2000, in which mental health problems
started to decline in two other cohorts. This reinforces the conclusion that the

increase between early-life and mid-life can be mostly attributed to age effects.

Mean number of symptoms

I
20 25 30 35 40 45 50 55 60 65 70
Age (years)

B NSHD I NCDS
B BCS70 All birth cohorts

Figure 5.4 Age trajectory of mean number of symptoms—cohort-stratified and pooled across
cohorts.
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Figure 5.5 Cohort stratified age trajectory of mean number of symptoms—with calendar
years on X-axis.
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5.3.4 Age distribution of individual symptoms—exploratory analysis

Fatigue and low mood followed a very similar age trajectory as the main outcome

measures in all three cohorts (Figure 5.7). Overall, these two symptoms were also

the most prevalent. The age curve of the panic symptom, however, was much flatter

in NCDS and BCS70 (Figure 5.7). Finally, tension appeared to marginally increase

during the entire adulthood in NCDS and BCS70, whereas it peaked quite visibly at

age 43 in NSHD and subsequently declined (Figure 5.7). Successively younger birth

cohorts had an increasing prevalence of each symptom apart from tension, which

was much higher in prevalence in NSHD than in two other cohorts.
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5.4 Discussion

5.4.1 Summary of findings

Across three post-war British birth cohorts, there was a clear increase in mental
health problems from early-adulthood to mid-life. This increase appears to be
steeper in the NCDS (born in 1958) and BCS70 (born in 1970) than in the NSHD
(born in 1946). In the NSHD, where additional data sweeps were available, mental
health subsequently improved between mid-life and early old age. Participants of
both NCDS and BCS70 also experienced elevated levels of mental health problems
in their mid-20s. Overall, after controlling for cohort differences, the age trajectory of
mental health followed an inverted U-shape in adulthood, with symptoms increasing
from early- to mid-adulthood and subsequently declining. Finally, participants of the

BCS70 had worse mental health than two other cohorts at overlapping ages (26-46).

5.4.2 Comparison with other studies

The most common pattern of the age distribution of mental health outcomes in the
literature is an initial rise in mental health problems across age until around age 45-
55, followed by a drop into older age (296). The most consistent finding is that
mental health problems linearly increase between early-adulthood and mid-life (289,
291, 301, 322). However, in this study members of both the NCDS and BCS70
experienced worse mental health in mid-20s than in early-30s. Elevated levels of
psychological distress across adulthood were also found among 20-24 year-olds in
Canada and the USA born in 1970s-1980s, in repeated cross-sectional studies

conducted between 1997-2008 (298).

The finding of elevated mental health problems in mid-20s has been rarely discussed

in the literature in the UK. This may be due to modelling strategies masking this



effect, such as fitting polynomial age trajectories and pooling data across several
birth cohorts to obtain a trajectory with a longer age range. For instance, worse
mental health can be observed in the British Household Panel Survey at age
between 15-24 and 25-34 in individual birth cohorts (born between 1960s and
1980s)—when age was treated as a categorical variable (301). However, when age
trajectories within the birth cohorts were modelled as cubic polynomials, the
apparent higher distress in early-20s was not observed anymore (289). A similar
observation can be made in the British Adult Psychiatric Morbidity Survey, where
mental health problems increased in mid-20s and subsequently declined in the
cohorts born in 1964-1970 (among women only) and 1971-1977 (293). Nonetheless,
when the age trajectory was pooled across different cohorts, it had an inverted U-

shape (293).

This was also observed in this study—when age was modelled across individual
birth cohorts, there was a clear spike in mental health problems in mid-20s in NCDS
and BCS70. This was also reflected in descriptive analysis of the data. However,
modelling age trajectory across all three birth cohorts resulted in the curve having an
inverted U-shape—uwith a flattening tail in mid-20s where predicted values were
slightly underestimated compared with the observed data. This highlights the
strength of this study where the age effects were studied within the same individuals
observed over an extended period of time, rather than relying on statistical methods

pooling observations across multiple birth cohorts.

Further research is needed to understand the extent to which the elevated mental
health problems is a cohort effect—applying mostly to those born in the 1960s and

1970s and to what extent this was an age effect—experienced also across younger
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birth cohorts. In the UK, this research question can be tested with the Next Steps
study (the generation born in 1989-90), the Avon Longitudinal Study of Parents and
Children (born in 1991-1992) and in the near future, the Millennium Cohort Study

(born 2000-2001).

Another inconsistency in the evidence is on the apparent improvement in mental
health between mid-life and older age. Studies based on the British Household Panel
Survey (1991-2008) found a peak in distress around age 40, followed by a decline
and a subsequent rise at old age (289, 291, 301). However, again the results were
somewhat inconsistent depending on the methodology used. When age was
modelled as a cubic-shaped curve in this dataset, mental health appeared to worsen
throughout the life course, with a slowing decline in mid-life (289). Whereas entering
age as a categorical variable to the model, which did not impose any specific shape
on the trajectory, resulted in a clear drop in mental health problems between age 45-
54 and 65-74 (301). Noteworthy, in both studies, mental health started to deteriorate
again after age 70 (289, 301). A study based on the English Longitudinal Study of
Ageing showed declining rates of mental health problems between age 50 and 65
and subsequently increasing rates between age 65 and 90 (302). Hence, it is likely
that the NSHD may also experience worsening mental health in the subsequent

waves of data collection, which future research can investigate.

My analysis expands on previous studies that found higher levels of mental health
problems from early-adulthood to mid-life among participants of BCS70 compared
with NCDS (38, 291). In addition, this study contributes to the literature by adding a
comparison with an older birth cohort—the NSHD—showing that their members

experienced fewer mental health problems than NCDS and BCS70. This is
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consistent with previous, cross-sectional, evidence on the increase in symptoms of
common mental disorders (40-60-year-old) in cohorts born in 1950-56 compared
with those born in 1943-9 (293). In line with the findings, a study based on the British
Household Panel Survey (289) found that 1970 birth cohort had higher levels of
mental health problems than 1960 at overlapping ages (31-38) and 1960 had worse
mental health than 1950 birth cohort (at age 41-48) (289). Those born in 1957-63
also had worse mental health than 1943-9 at overlapping age in the National
Psychiatric Morbidity Surveys in England (1993-200), with 1971-77 having a higher
prevalence of common mental disorders than the preceding cohorts (293).
Increasing rates of mental health problems across successively younger birth
cohorts were also found in Belgium (born in 1918-27 — 1958-67) (303), Sweden
(1910-7 — 1982-89), Canada (1940-3 — 1989-92) (298), USA (298, 299) (1948-50 —

1993-5), Australia (1940s vs 1970) (305).

5.4.3 Interpretation

Overall, there is little theory to draw on when explaining age profiles of psychological
distress in adulthood (297). Here, | discuss factors potentially linked with mental

health changes at different phases of adulthood.

Starting with the increase in poor mental health in mid-20s, it is most likely an age
effect, due to relatively universal experiences at this age across different
socioeconomic and historical contexts in high-income countries. It was found across
different periods: in 1981 (in NCDS) and 1996 (in BCS70) in this study, as well as
between 2000-2007 in the study conducted by Spiers and colleagues (293). In
addition, this increase was also found across different birth cohorts ranging from the

late 1950s to 1980s (289, 293, 301) and in different countries including the UK,
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Canada and the USA (298). It has been argued that the age between 18 and 29
should be acknowledged as an important developmental period with major role
shifts, as people leave their parental home and start developing their own home and
family (323, 324). Cohort effects, however, still play a role in differences seen across
birth cohorts in this life phase, such as higher distress among those born in 1970. As
this birth cohort was likely to experience instability in tenancy and was particularly
disadvantaged in their transition from education to work, as they entered the labour
market in the mid-1980s during high unemployment among young people (292). This
may have had lasting effects on psychological distress of this cohort throughout

adulthood.

Processes underlying the observed increase in psychological distress from early-30s
to mid-life are unclear. Mid-life tends to involve a “peak” in career, with middle-aged
adults acquiring increasing responsibility as the “decision-makers” in society, which
is accompanied by reduced leisure time (325). This is, for instance, reflected by
elevated job-related stress in mid-life (326) and it may provide a partial explanation
for rising fatigue as observed in this study. Mid-life individuals were found to
experience declining quality and quantity of leisure time, as well as time with friends
and family, which may translate into worse mental health (327). Middle-age is also
often associated with changes to family structure, which may be linked with mental
health, such as rising rates of divorce (328, 329). For instance, in this life phase,
people are more likely to be parents and simultaneously care for ageing parents

(330)

The reasons for the decline in psychological distress after mid-life are also

speculative. Selective mortality is one of the candidate explanations, as those in
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poorer mental health are at a greater risk of dying prematurely (331). However,
consistent findings were obtained using cross-sectional samples (participants alive at
each wave) and longitudinal samples (including those who were alive at all data
waves). Moreover, assuming that the mortality rates in the three cohorts are
representative of those observed in their target populations (332) and that absolute
mortality rates have declined during the investigated period (1)—any effects of
selective mortality due to mental health reflect a population selection process and
are not sample-specific biases. Older individuals, particularly those in a more
advantaged social class, may also experience improved mental health due to relief
from major mid-life stressors, for instance, due to retirement or stabilisation in family
life. Indeed, the perceived daily stress reduces in this life phase; however, this
reduction was not found to be associated with whether one was in full-time
employment or with marital status (333). It has also been suggested that older
people shift from attainment-related goals, such as status or skills, towards those
that help them maintain emotional stability—a phenomenon known as the
socioemotional selectivity (334). For instance, older individuals may be more likely to
invest in relationships and activities that are positive and rewarding whilst ceasing
those that are not. This, in turn, helps them to confront stressors and adversity (334).
It is also possible that mental health problems more specific to old age are not well-
captured by conventional symptom scales, hence underestimating the frequency of
distress (335). For instance, physical symptoms of distress, such as decreased
energy, fatigue or difficulty with sleeping, may be normalised and explained through

deteriorating health related to ageing rather than emotional state (336).

Higher levels of mental health problems were observed in successively younger birth

cohorts, with the BCS70 being particularly affected compared with the NSHD and
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NCDS. As these differences appeared to occur across all overlapping ages, this
suggests that a cohort effect is the most plausible explanation for the findings. One
potential explanation for rising mental health problems in younger birth cohorts is
declining economic circumstances, which are strongly associated with mental health
(337). The generation born in 1970 experienced economic and labour market
transformation and increasing socioeconomic inequality, compared with those born

in 1946 and 1958 (63).

Those born in 1970 were particularly disadvantaged in their transition from education
to work, as they entered the labour market in mid-1980s during high unemployment
among young people (63). This may partially explain why cross-cohort differences
appear to already emerge in young adulthood. Unemployment was substantially
higher (around 10%) when BCS70 respondents were turning 16 in the late eighties
than when NCDS members turned 16 in 1974 (around 2.5%) (338). Due to
contraction of the industries that tended to employ unqualified school-leavers, such
as manufacturing, the transitions from education to labour market became
increasingly unstable, nonlinear and unstructured, particularly for those of
disadvantaged socioeconomic background (338). This may have also
disproportionally affected men (63). Young people, overall, made up a smaller
proportion of the potential labour market, that may have reduced their
competitiveness (338). Furthermore, part-time, self-employment and short-term
contracts became more common, potentially increasing occupational instability

(338), which has been found to linked to distress (339).

Overall, it appears that those of disadvantaged background may have been

disproportionally affected by changes in the socioeconomic circumstances leading to
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a greater prevalence of mental health problems. However, certain changes such as
rising social inequality may have affected wellbeing of individuals representing the
entire socioeconomic spectrum. Members of more advantaged social groups may
suffer from being negatively evaluated by the rest of the society, a phenomenon
known as the "social evaluative threats”, which was found to be linked with elevated
stress-hormone (cortisol) in a meta-analysis of 2008 studies (340). This may also
result in poorer social relationships, which are well-known risk factor for mental
health and wellbeing (341). In addition, some argued that rising house prices have
affected not only those on lower incomes, for instance relatively well-off members of
middle class appear to work increasingly longer hours, borrow more, commute
longer and save less in order to keep up with this increase—all of which may

contribute to worsening mental health in the younger birth cohorts (342).

In addition to changing economic circumstances, members of the BCS70
experienced social and family-related transformations that may partially explain
rising mental health problems compared with those born earlier. In particular, there
has been an increase in divorce (63), step-families and lone parenthood (343)—all
linked with greater mental health problems (344, 345). Sitill divorce or lone
parenthood are still relatively rare, hence they are unlikely to fully explain the rise in
mental health problems in the younger cohorts. However, these changes to family
structure may indicate a trend in overall decline in stable family relationships and
high marital quality, which are linked to mental health and potentially affect a large

segment of the population (346).
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5.4.4 Strengths and limitations

The main strength of this study is that it used three population-based prospective
studies, including—to the best of my knowledge—the longest continuous follow up of
psychological distress within the same individuals, from age 36 to 69. This in
opposition to most of previous research that rely on statistical methods pooling
observations from longitudinal or repeated cross-sectional surveys across multiple
“‘pseudo” cohorts. Another strength is that the same measure of distress was used in
two of the cohorts, which was found to be invariant longitudinally, across the cohorts

and genders (38).

A key limitation is that different measures of psychological distress were used within
the NSHD—this may specifically impair comparability at age 36-53—and between
this cohort and the NCDS and BCS70. However, comparable items at the symptom
level within and across cohorts were identified through a comprehensive and robust
harmonisation process. This resulted in the harmonised subsets of items, which
were found to be invariant within NSHD (7-items) and across the three cohorts (4-
items). Hence, their means can be compared within and across cohorts without bias
(317). In addition, differences in measures are unlikely to solely explain the major
finding of this study—an increase in psychological distress from early-adulthood to
mid-life, followed by a decline in an early old age. In the NCDS and BCS70, the
same measure was used between age 23 and 50—the Malaise Inventory. Hence
inferences regarding the age distribution of psychological distress within and across
the NCDS vs BCS70 are robust. In the NSHD, an increasing trend in psychological
distress between age 36 and 43 can be observed, which is based on two closely-

related measures increasing the confidence in findings. The Psychiatric Symptoms
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Frequency used at age 43 was developed based on the Present State Examination
that was used at age 36 (308). Likewise, the observed decline in psychological
distress between age 53 and 69 in the NSHD, cannot be attributed to differences in

measures since the GHQ-28 was used at all three ages.

Another limitation of the study, as with most longitudinal research, is a considerable
amount of missing information. This analysis relied on the missing-at-random (MAR)
assumption that is not empirically verifiable (248). Not meeting this assumption may
potentially lead to bias. However, the plausibility of the MAR assumption was
maximised by including rich information on health and related variables available
from birth in the imputation model. The information contributed by these auxiliary
variables allows for predicting missing data with greater accuracy, minimising non-
random variation in these values (347). In addition, obtaining consistent findings
when using different missing data strategies—multiple imputation and full information
maximum likelihood (348)—further increased the robustness of the analyses. A
related limitation for generalisability of the findings for today’s population is that the
participants of the British birth cohorts are nearly exclusively white, not accounting
for migration that has taken place over time in the UK (349). The health of migrants
may vary from those of the participants, for instance, due to healthy migrant effect

(350).

5.45 Conclusion

Across three post-war British cohorts, there was a clear increase in psychological
distress from early-adulthood to mid-life. In the NSHD, where additional data sweeps
were available, psychological distress diminished into early old age. There is a need

for further research to understand processes underlying elevated psychological
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distress at each life phase (early and mid-20s as well as 40s-50s) and for cross-
cohort differences. The British birth cohorts, including those following younger

participants, are well-suited for studying those mechanisms.
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Chapter 6: Inequality in hospitalisation due to non-
communicable diseases in Sweden: age-cohort analysis of
the Uppsala Birth Cohort Multigenerational Study

Chapter objectives:

e To examine cohort differences in age trajectories of hospitalisation due to key
non-communicable conditions and if these varied by paternal socioeconomic

position.
Key findings:

e Successively younger birth cohorts had a higher prevalence of hospitalisation
at overlapping ages, with inter-cohort differences emerging from early-
adulthood and increasing with age in absolute terms.

e Those with medium and low parental socioeconomic position (vs high) had
13% and 20% higher odds of experiencing hospitalisation during the
observation period—when age, year-of-birth and gender were accounted for.

e No progress was made in reducing the socioeconomic inequalities according

to parental social class across cohorts born between 1915 and 1972.
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6.1 Introduction

In Sweden or other Scandinavian countries, routinely collected, administrative health
data are of high quality, are available over an extensive period of time (from the
1980s for most of the outcomes) and can be linked with other registries, for instance,
related to education or social class. Hence, they can be used in a complementary
manner with the population-based surveys that are particularly prominent in the UK.
Triangulation of information from these diverse sources allows for attaining more
reliable evidence on population health trends and in a wider range of morbidity

outcomes (88), which was the key motivation for this study.

Life expectancy at birth has increased by six years in Sweden and eleven years
across the members of the Organization for Economic Co-operation and
Development (OECD) in the last five decades (2). Nonetheless, growing evidence
suggests that this increase in the lifespan has not translated into longer periods of
life free of morbidity (351, 352) (in the UK: Chapter 2). Due to population ageing,
chronic morbidity is projected to rise further—presenting policymakers with a
challenge related to future healthcare policy, allocation of resources (353) and
predicting trends in the workforce (354). Those with lower socioeconomic status or
living in poorer areas appear to suffer from higher rates of chronic conditions
compared with their better-off counterparts (355-359). This is despite Sweden having
been particularly determined to reduce the health gap between rich and poor,
making it a central objective of public health and social policy agendas since the
1980s (360). An important step in the development of health policies and

interventions is to produce high-quality evidence on how changing socioeconomic
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and policy contexts have affected health over time and if these effects varied across

socioeconomic groups.

Currently, the evidence on secular trends and the socioeconomic gap in morbidity in
Sweden is mainly cross-sectional, limited to comparing age-standardised rates of
individual conditions over time across all ages (361, 362) or in older age exclusively
(56, 355, 359). These studies have shown worsening in various self-reported health
domains in the last three decades—when ageing was accounted for—including
mobility, psychological distress, disability, chronic morbidity as well as objectively-
measured physical capacity, lung function, vision (56, 355, 359). As in other high-
income countries, the speculative reason for greater rates of morbidity is an
improved survival among the older population with non-communicable health
problems (359, 363). However, contrary evidence also exists suggesting an increase
in years free from disability and mobility problems from the early 1990s until the early

2010s in both elderly men and women (364).

Evidence consistently points towards a health gradient according to social class,
education or income (355-359)—with the differences remaining stable over time in
the last few decades (356-358, 365). However, the evidence on cohort differences in
age trajectories of morbidity—to my best knowledge—is virtually absent in Sweden.
There are a few studies, mainly conducted in Great Britain, which explored cohort
trends in age trajectories of body mass index, blood pressure and frailty (40, 366,
367). Such studies allow for identifying life stages when the differences across
cohorts start to emerge. In addition, life course studies conducted across different
birth cohorts allow for disentangling age and cohort effects, which is not possible in

cross-sectional research due to exact collinearity of age and year-of-birth.
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None of the life course studies, however, examined trends in non-communicable
diseases and hospitalisation. This chapter contributes to the literature by focusing on
inpatient hospital admissions, which indicate direct demands on health services and
are also closely associated with other health measures, such as self-reported health,
all-cause mortality (368) and quality of life (369, 370). Inpatient care constitutes one-
fourth of total health expenditure in Sweden, mainly due to cancer and heart
diseases (371). A large proportion of inpatient admissions, for such conditions as
asthma or diabetes, could be managed in primary care or community settings—
which would reduce costs and improve the effectiveness of health care (371, 372).
Hence, hospital admissions are a particularly useful outcome to monitor over time.
Studying cohort effects in admissions helps to project future demands. Considering
age at which cohort differences emerge is also important as health-care spending

increases after age 50 and escalates after age 70 (373).

| also examined whether cohort differences in age trajectory of hospitalisation varied
by parental socioeconomic position (SEP). Higher rates of hospital admission among
disadvantaged socioeconomic groups have been found in Sweden (avoidable
hospitalisation) (368), New Zealand (for general and psychiatric admissions) (374),
Amsterdam (for psychiatric admissions) and for Norway (375), Australia (376), with
trends being less clear in Canada (377), Italy (378) and the USA (379). None of the
above studies used childhood socioeconomic indicators. Childhood socioeconomic
circumstances are important health determinants as they are associated with adult
chronic health, independently of adult SEP (380)—possibly due to accumulation of
negative health effects over the life course (381). Using parental SEP also has a

methodological advantage, as it is less likely than adult measures of SEP to suffer
186



from reverse causality (382). Currently, the evidence in Sweden is limited to adult
socioeconomic indicators (355-359, 365). In addition, | explored gender effects in

cohort and socioeconomic differences in hospitalisation.

| used the Uppsala Birth Cohort Multigenerational Study (UBCoS Multigen) which is
linked to the general population and health registers in Sweden, providing virtually
complete information on medical diagnoses and family links. This allowed me to
study secular trends in age trajectories of hospitalisation across two generations
(over the period of 1989-2008)—among those born in 1915-1929 and their children
born in 1938-1972, ranging in age from 19 to 91. Due to recent evidence on the
increase of burden due to non-communicable morbidity (351, 352), | hypothesised
rising rates of hospitalisation across cohorts. Those in lower socioeconomic position
were hypothesised to have greater rates of hospitalisation (355-359), with the

socioeconomic gradient remaining stable over time (356-358, 365).
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6.1.1 Study population

| used data from the UBCoS Multigen (157, 158)—the cohort of 14,192 men and
women born in the Uppsala University Hospital (Uppsala, Sweden) between 1915
and 1929 (G1) and their children (G2) identified through the Multi-Generational
Register. Among the members of G1, 12,168 were living in Sweden in the late
1940s, hence they received unique personal identification numbers (159), which
remain unchanged and allow for the linkage across national registers. The study was
approved by the Regional Ethics board in Stockholm. G1 is nationally representative
of Sweden in terms of infant mortality and fertility (160), with a marginally higher
proportion of births to single mothers (161) and infants from urban areas (162).
Figure 6.1 depicts the selection process of the study population. The sample was
limited to G1’s biological children born between 1938 and 1972—as there were too
few individuals outside of this range. | excluded those who died or emigrated from
Sweden before 1994, which was the end of the first 5-year-interval of the observation
period (n=4,141) or those with missing gender information (n=24). Being a man as
well as having medium or low SEP were predictive of being excluded at this stage
(see Appendix 4A). The final sample in this study constituted 28,448 (28,238 in

models with SEP variable).
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Excluded:

* Notassigned personal
number (n=2,024)

* Died/emigrated before
1994 (n=3,095)

UBCoS Generationl
(n=14,192)

Children

UBCoS Generation 2

(n=20,790)

n=3,073

Excluded (G1):

* Had missing SEP (n=141)

n=19,375

Figure 6.1 Flow chart of sample selection.
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* Had missing SEP (n=110)

SEP inequalities
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6.1.2 Measures

The outcome of interest was any hospitalisation due to a major non-communicable
condition (see Table 6.1 for details) within four 5-year intervals (1989-1993, 1994-
1998, 1999-2003, 2004-2008). These conditions were selected as they constitute the
key contributors to the overall burden of morbidity (351), they are largely preventable
and socially structured (383). The outcome was ascertained from the Swedish
National Patient Register, which comprises complete coverage of all public and
private inpatient care since 1987 (384). Cases were identified as individuals with a
recorded primary or secondary diagnosis with the corresponding International
Classification of Disease Ninth and Tenth Revisions (ICD-9/10) codes in the register
(see Appendix 4B) (385). The exposures of interest were: age (19-91), year-of-birth
(1915-1972), gender (man vs woman) and parental socioeconomic position (SEP).
Parental SEP—categorised as “high”, “medium” and “low”—was derived from the
fathers’ or mothers’ occupations. Information on occupations was retrieved from
archived obstetric records, school records or Census 1930 for G1 and the Population
and Housing Census 1960 for G2. The Swedish socioeconomic classification was

assigned occupations to different categories of socioeconomic status (386). Table

6.1 describes each variable in more detail.

190



Table 6.1 Description of variables used in the analysis.

Outcome
Hospitalisation due
to chronic morbidity

Exposures
Age

Year-of-birth
Gender
Parental
socioeconomic
position

A binary indicator (0 = Not hospitalised, 1 = Hospitalised) of any public and private inpatient hospitalisation, within four 5-
year intervals (1989-1993, 1994-1998, 1999-2003, 2004-2008), due to: depression, asthma, cerebrovascular disease,
chronic kidney diseases, cirrhosis, chronic obstructive pulmonary disease, dementia, diabetes, heart failure, cancer,
hypertension, ischemic heart disease, migraine, Parkinson's disease, rheumatoid arthritis. Information on hospitalisation
was ascertained from the Swedish National Patient Register, which includes complete information on the public and private
inpatient care utilisation since 1987, using ICD-10 and equivalent ICD-9 codes (see Appendix 4B for details).

A continuous variable ranging from 19 to 91. Age was derived by subtracting mid-year within each 5-year interval from
year-of-birth (e.g. those born in 1962 would have age of 29 in the observation period of 1989-1993, 34 in 1994-1998, 39 in
1999-2003 and 44 in 2004-2008) (see Supplementary Figure 1 for graphical representation of the data).

A continuous variable ranging from 1915-1929 (G1) and 1938-1972 (G2). Year-of-birth was centered on its grand mean.
A binary indicator (0 = Man, 1 = Woman). Sample included 14,234 (50.04%) men and women 14,214 (49.96%).

A categorical variable (0 = High, 1 = Medium, 2 = Low), was derived based on the approach used by Sidorchuk and
colleagues (2018) (387):

e Parental SEP for G1 was based on father’s occupation, if available; otherwise on mother’s occupation and categorised
into (1) high: for higher/intermediate non-manuals, academic professionals; (2) medium: the self-employed, farmers
and lower non-manuals; and (3) low: skilled/unskilled manuals. Data was retrieved from archived obstetric and school
records and Census 1930.

e Parental SEP for G2 was based separately on father’'s and mother’s occupation and categorised as (1) high:
higher/intermediate non-manuals, self-employed in academic professions; (2) medium: the self-employed in industry,
trading, transport or service with employees, farmers with employees, lower hon-manuals and persons at the military
service; and (3) low: skilled/unskilled manuals, self-employed in industry, trading, transport or service without
employees, farmers without employees, students, persons with unidentified occupation and others. The highest
parental social class was defined by comparing maternal and paternal occupations. Data was obtained from the
Population and Housing Census 1960.

Sample included 9,616 (34.05%) people in high SEP, 6,453 (22.85%) in medium SEP and 12,169 (43.09%) in low SEP.
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Table 6.1 (cont.) Description of variables used in the analysis.

Random

(structural)

variables

Observation 103,262 observations (102,571 in models with SEP variable).

Individual 28,448 individuals (28,238 in models with SEP variable).

Family 16,203 families (16,027 in models with SEP variable); the variable was created by linking siblings within generation 2 with

their parents (G1) and siblings across G1.
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6.1.3 Analysis

Data were set up as an accelerated longitudinal study: with 1915-1929 (G1) and
1938-1972 (G2) birth cohorts, observed at 5-year periods (1989-1993, 1994-1998,
1999-2003, 2004-2008). In such set-up of registry-based data, we can observe
cohort-specific age trajectories of hospitalisation over an overlapping 20-year study
period (Appendix 4C). This allows for comparing the level and rate of change in
hospitalisation at equivalent ages, but across individuals born at different points in
time (see section 1.2.2 for more details). | used a multilevel growth curve framework

in the analyses—uwith a logit link function due to the binary nature of the outcome.

This framework allows for modelling data that are unbalanced in time—where some
individuals do not contribute information during the entire observation period, in this
case, due to death or emigration (318). It also accounts for the hierarchical
dependency of observations (level 1) within individuals (level 2)—with age becoming
an observation-level variable (319). | extended this model by including family
identifier as a third hierarchical level, in order to account for the dependency of
individuals within the same families across two generations. This was due to 73% of
the participants having at least one member of the family in the dataset. Hence, the
models had three hierarchical levels: observations (n=103,262-102571; level 1)
nested within individuals (n=28,448-28,238; level 2) nested within families
(n=16,203-16,027; level 3)—included as random intercepts (see Appendix 4D).
However, the variance due to family level was very low, as majority of the families
had few members among the participants. For instance, out of all the families in the
dataset, 74% had three or less members among the participants. The analyses
including two hierarchical levels were largely consistent.
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All exposure variables and their interactions were specified in the fixed part of the
model. | did not explicitly modelled period effects, as the focus of the analyses was
on differences in age trajectories due to year-of-birth. If periodical changes were at
play, they would result in cohort differences in the age trajectory of hospitalisation as
birth cohorts vary by age in any historical moment (see section 1.2.2). Hence, inter-
cohort variations due to period effects are captured by age*year-of-birth interaction
(388). All models were estimated using Markov chain Monte Carlo (MCMC) in

MLwiN v3.03 (389) with the runmlwin command in Stata 15 (390).

6.1.3.1 Cohort differences in hospitalisation

| tested for inter-cohort differences in age trajectories of hospitalisation, by fitting a
model including age and year-of-birth polynomials as far as significant up to a cubic
term (p<0.05), alongside an age*year-of-birth interaction. Year-of-birth and age were
centred at their grand mean to alleviate the interference of the nonessential
multicollinearity (391). Subsequently, | examined if men or women experienced any
inter-cohort differences in hospitalisation by adding gender variable and

gender*year-of-birth interaction to the model.

6.1.4 Socioeconomic inequalities in the rate of hospitalisation

Subsequently, | examined any time and gender effects in socioeconomic inequalities
in age trajectories of hospitalisation. | fitted a model including age and year-of-birth
polynomials as far as significant up to a cubic term (p<0.05), alongside an age*year-
of-birth interaction, gender and SEP variables as well as SEP*year-of-birth and

SEP*age. SEP*year-of-birth, SEP*age interactions were tested one-by-one at the
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significance level of p<0.05. Gender effects in socioeconomic inequalities were also

examined by including gender*SEP interaction.

6.1.4.1 Supplemental analyses

The main effects of socioeconomic position on hospitalisation were additionally
tested using parental income and education within G2 only, as these socioeconomic
indicators were available for a small proportion of G1 members (see Supplementary

Table 3 for details).

There were too few cases of hospitalisation to test inter-cohort differences in each
individual condition or groups conditions. However, | tested inter-generation
differences between parents (G1) and their children (G2) in age and gender adjusted
models for overall hospitalisation. Likewise, inter-generation differences in
socioeconomic inequalities in each individual condition or groups conditions were

also tested—by including generation*SEP interaction.
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6.2 Results

6.2.1 Burden of hospitalisation

There were 11,996 individuals who experienced at least one hospitalisation during
the study period—amounting to 16,073 cases of hospitalisation. Figure 6.2 presents
the proportion of hospitalisation due to each condition or group of conditions out of
studied hospitalisation cases. When an individual was hospitalised due to more than
one condition within a five-year period—this is referred to as repeated
hospitalisation. The greatest proportion of cases were hospitalised due to repeated
hospitalisation (25.4%). Other most common reasons for hospitalisation were
ischemic heart disease (12.6%), cancer (12.4%) and hypertension (10.8%). Among
those with low SEP—compared with high or medium—I found a greater proportion of
the total burden of hospitalisation being due to repeated hospitalisation (absolute
difference: 5.2%), dementia (1.1%), cerebrovascular disease (0.8%), heart failure
(0.8%), chronic obstructive pulmonary disease (0.6%); and lower proportion due to
cancer (2.0%), depression (1.8%), chronic kidney diseases (1.4%), schizophrenia

(1.5%) and migraine (0.6%).
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Figure 6.2 Proportion of total burden of hospitalisation due to specific conditions or group of conditions.
*Wavy lines indicate a greater proportion of total hospitalisation due to a given conditions among those with low SEP, whereas
horizontal lines show a greater proportion among those in medium/high SEP (at p<0.05 according to chi square test).

197



6.2.2 Cohort differences in the rate of hospitalisation

As shown by Table 6.2 and Figure 6.3, younger cohorts had a higher prevalence of
hospitalisation at overlapping ages, with inter-cohort differences emerging from
early-adulthood and minimally decreasing with age in relative terms (age*YoB
interaction: OR=0.9995, 95% CI 0.9993 to 0.9996), however increasing in absolute
values. For instance, at age 40 predicted probability of hospitalisation increased
across birth-cohorts—from 1.2% (born in 1948-52) to 2.0% (born in 1963-67),
whereas at age 50 it was 2.9% for those born in 1938-42 compared with 4.6%
among participants born in 1953-57. At older age, the absolute cohort differences
were much larger—for instance at age 80 they increased from 33.7% to 39.0%
between 1915-19 and 1925-29 birth-cohorts. Men appeared to have a higher
probability of hospitalisation both in relative and absolute terms, with gender
differences increasing slightly across cohorts when age was held constant

(gender*YoB interaction: OR=1.01, 95% CI 1.01 to 1.02, p<0.001).
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Figure 6.3 Birth-cohort-specific age-course trajectories of hospitalisation with 95%
confidence intervals represented by dashed lines.
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Table 6.2 Associations of age, year-of-birth with odds of hospitalisation, including gender
modification effects — results from the multilevel logit models.

Exposure

Cohort differences

Cohort differences
+ gender inequalities

Fixed effects
Intercept

Age

Year-of-birth (YoB)
Age*YoB

Woman

Woman*YoB

Random effects

Level 2: individual (intercept)
Level 3: family (intercept)
Model fit

DIC

Observations

0.04 (0.03, 0.04)
1.14 (1.14, 1.15)
1.04 (1.04, 1.05)
0.9995

(0.9993, 0.9997)

2.20 (2.03, 2.36)
0.30 (0.23, 0.40)

56988.25
103,262

0.04 (0.04, 0.04)
1.14 (1.14, 1.15)
1.04 (1.03, 1.04)
0.9995

(0.9993, 0.9996)
0.84 (0.79, 0.90)
1.01 (1.01, 1.02)

2.50 (2.36, 2.64)
0.02 (0.01, 0.02)

56948.60
103,262
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6.2.3 Socioeconomic inequalities in the rate of hospitalisation

Those born to parents with medium and low SEP had respectively 13% and 20%
higher odds of experiencing hospitalisation during the observation period—when
age, year-of-birth and gender were accounted for. | found no evidence for a
differential relative socioeconomic gap in hospitalisation across birth-cohorts, age or
gender (see Table 6.3)—indicating similar age slopes across those variables.
However, the absolute SEP differences in hospitalisation did increase across age—
with rising overall prevalence (Figure 6.4). For instance, at age 40 those with low
SEP had 1.6% probability of hospitalisation compared with 2.3% for high SEP, at
age 60 this difference increased from 9.9% to 11.1% and at age 80 from 32.2% to

37.0%.
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Figure 6.4 Year-of-birth adjusted age trajectories of hospitalisation stratified by high vs low
SEP.
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Table 6.3 Socioeconomic inequalities in hospitalisation, including cohort, age and gender effects — results from the multilevel logit models.

Exposure

Socioeconomic
inequalities

Socioeconomic
inequalities
+ cohort effects

Socioeconomic
inequalities
+ age effects

Socioeconomic
inequalities
+ gender effects

Fixed effects
Intercept

Age

Year-of-birth (YoB)
Age*YoB

Woman

Woman*YoB

Parental SEP (high — reference)
Medium

Low

Medium*YoB

Low*YoB

Medium*age

Low*age

Medium*woman
Low*woman

Random effects

Level 2: individual (intercept)
Level 3: family (intercept)

Model fit
DIC
Observations

0.04 (0.03, 0.04)
1.14 (1.13, 1.15)
1.04 (1.04, 1.05)
0.9995

(0.9994, 0.9997)
0.77 (0.72, 0.82)

1.14 (1.05, 1.24)
1.21 (1.12, 1.31)

2.47 (2.31, 2.63)
0.0003 (0.0001,
0.0004)

56508.20
102,571

0.04 (0.03, 0.04)
1.14 (1.14, 1.15)
1.04 (1.04, 1.05)
0.9995

(0.9993, 0.9997)
0.77 (0.72, 0.82)

1.12 (1.01, 1.23)
1.21 (1.10, 1.32)

1.003 (0.996, 1.010)
1.005 (0.999, 1.012)

2.32 (2.10, 2.52)
0.14 (0.07, 0.26)

56494.46
102,571

0.04 (0.03, 0.04)
1.14 (1.14, 1.15)
1.04 (1.04, 1.05)
0.9995

(0.9993, 0.9997)
0.77 (0.72, 0.82)

1.13 (1.01, 1.25)
1.23 (1.13, 1.35)

1.00 (0.99, 1.01)
1.00 (0.99, 1.00)

2.14 (1.93, 2.34)
0.35 (0.27, 0.43)

56450.29
102,571

0.04 (0.03, 0.04)
1.14 (1.14, 1.15)
1.04 (1.04, 1.05)
0.9995

(0.9993, 0.9997)
0.82 (0.73, 0.92)

1.24 (1.09, 1.43)
1.25 (1.12, 1.39)

0.93 (0.79, 1.08)
0.82 (0.68, 0.99)

2.13 (1.97, 2.30)
0.35 (0.26, 0.45)

56469.48
102,571
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6.2.4 Supplemental analyses

Socioeconomic inequalities in hospitalisation were also found due to parental

education and parental income for generation 2 (see Appendix 4E for more details).

Children (G2) had higher odds of repeated hospitalisation and hospitalisation due to
depression, COPD, cancer, hypertension, migraine and rheumatoid arthritis (see
Appendix 4F for the estimates) than their parents. Whereas they experienced lower
odds of asthma, diabetes and ischemic heart disease. No inter-generation
differences were found in dementia, cerebrovascular disease, chronic kidney disease

and heart failure.

Overall, there was a trend of greater inequality in most conditions among children
(G2) compared to their parents (G1). However, generation*SEP interaction did not
reach significance (p<0.05) for any of the individual conditions apart from diabetes
(p=0.03), possibly due to overall low numbers of hospitalisation. Likewise, confidence
intervals around the estimates of social inequality tended to overlap across
generations as they were relatively wide (see Appendix 4G). Most substantial relative
inter-generation differences in SEP inequality were found for: depression (G1:
OR=0.86, 95%CI 0.56 to 1.31 vs G2: OR=1.25, 95%CI 0.98 to 1.58), asthma (G1:
OR=1.16, 95%CI1 0.72 to 1.73 vs G2: OR=1.41, 95%CI 0.96 to 2.08), cerebrovascular
disease (G1: OR=0.98, 95%CI 0.81 to 1.19 vs G2: OR=1.39, 95%CI 1.02 to 1.90),
diabetes (G1: OR=1.03, 95%CI 0.76 to 1.39 vs G2: OR=1.74, 95%CI 1.28 to 2.38)

(see Appendix 4G).
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6.3 Discussion

6.3.1 Summary of findings

Using the first (born 1915-1929) and second-generation (1938-1972) of the Uppsala
Birth Cohort Multigenerational Study, | examined cohort differences in age
trajectories of hospitalisation due to major non-communicable conditions and if these
varied by parental socioeconomic position. In addition, | explored gender effects in
cohort and socioeconomic differences in hospitalisation. As hypothesised, younger
birth cohorts had a higher prevalence of hospitalisation at overlapping ages—with
inter-cohort differences increasing with age in absolute terms. Consistent with the
hypothesis, those born to parents with medium and low socioeconomic position had
higher odds of experiencing hospitalisation during the observation period—uwith the
socioeconomic gradient remaining stable across cohorts. | found no evidence for
varying socioeconomic differences in hospitalisation across age or gender in relative
terms. However, due to the overall increase in the probability of hospitalisation with
age—the absolute difference between those in low and high SEP increased as

participants got older.

6.3.2 Comparison with other studies

In line with previous findings from Sweden as well as other high-income countries, |
found an increasing burden of chronic morbidity between 1989 and 2008, when
ageing was accounted for (56, 351, 352, 355, 359, 361, 362). The findings of this
chapter are consistent with a study conducted in the Netherlands, investigating
trends in primary care visits due to major chronic conditions, which showed an
increase in visits by nearly 6% between 2004 and 2011 (392).
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As in this study, the evidence consistently shows that those in lower socioeconomic
position—defined according to social class, education or income—had worse health
(355-359) and were more likely to be admitted to a hospitable across most high-
income countries (368, 374-376). As found by previous studies as well as this
research, the social gradient has remained stable, in relative terms, from the 1990s to
2000s in Sweden (356-358, 365). This study is the first one to compare trajectories in
hospitalisation due to major non-communicable conditions across such a long-range
of birth-cohorts (1915-1929; 1938-1972) and age (19-91), which helps to disentangle
age and cohort effects in this outcome. This contributes to the literature by showing
that inter-cohort differences as well as a socioeconomic gradient in health can be
already observed in early adulthood and started to emerge among cohorts born as
early as the beginning of the 20" century. Previous longitudinal evidence in Sweden
was limited to older population (56, 355, 359), whereas most life course studies come
from the UK—showing higher rates of frailty and risk factors for morbidity, such as

BMI and blood pressure, in younger cohorts (40, 366, 367).

6.3.3 Interpretation

An increase in hospitalisation across younger birth cohorts may be due to a rising
burden of non-communicable morbidity. If the burden of non-communicable morbidity
among people of the same age but born at later time, is increasing—this leads to
extending their lifespan with morbidity. This provides support for the scenario known
as expansion of morbidity (393). However, the relationship between morbidity and
hospitalisation is complex and potential reasons for an increase in hospitalisation
may be related to both changes in the prevalence of morbidity and healthcare

utilisation over time.

206



If increasing hospitalisation is driven by rising morbidity, there are several
complementary explanations for worsening health in younger birth-cohorts. The
trends in non-communicable conditions could be explained by changes over time in
risk factors. However, these trends are inconsistent, with certain risk factors
decreasing since the 1990s—e.g. hypertension (394), smoking (395), or alcohol
consumption (396) and others increasing—e.g. fat intake (397), cholesterol (397) and
obesity (397). Another hypothesis is that more effective disease management
appears to have led to improved survival with previously fatal diseases (106, 122,
398). Hence, declining mortality due to major non-communicable conditions
associated with ageing, such as cancer or coronary heart disease—results in a
greater number of people and extended lifespan with those disorders (399, 400).
Improved management of non-communicable conditions may have also led to the
conditions being less disabling over time. For instance, one study found an increase
in years free from disability and mobility problems from the early 1990s until the early

2010s in both elderly men and women in Sweden (364).

It is also likely that increases in diagnosed and treated conditions are due to more
accessible healthcare services, combined with greater health awareness and
propensity to seek health—which are associated with rising education over time
(397). However, a greater inclination to seek help or report health problems still
indicate a growing demand on health services and should be considered as a public

health problem as opposed to an artefact in the data on secular trends.

The rising trend in hospitalisation may not be universal across all major non-
communicable conditions. Age-cohort investigation of trends in each health condition

was not feasible in this study due to hospitalisation being a relatively rare outcome.
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However, | compared the prevalence of hospitalisation between parents (born in
1915-1929) and their children (1938-1972) accounting for age differences. | found
that the younger generation had a greater prevalence of hospitalisation due to such
conditions as depression, COPD, hypertension and migraine. These conditions are
typically managed in ambulatory care and hospitalisation is considered to be
potentially avoidable (401). On the contrary, hospitalisation due to asthma and
diabetes did decrease over time indicating an improvement in patient management
and access to primary care, despite some evidence for their rising prevalence (402,

403).

| found a greater prevalence of hospitalisation due to non-communicable conditions
among those born to parents of a disadvantaged social class. This may be due to
overall worse health among those in disadvantaged social circumstances (355-359).
It is also likely that individuals with a lower social class are at a higher risk of
clustering and accumulating risk factors for morbidity—such as poor diet, smoking,
physical inactivity or engaging in risky behaviours (404). However, a higher
prevalence of morbidity does not need to directly translate into higher demands for
healthcare services (405). Factors such as healthcare-seeking, communication skills,
health literacy and practices may all play an important role in inequalities in
hospitalisation. It would be beneficial to further understand to what extent these
contextual factors and an actual health need explain higher rates of hospitalisation in

more disadvantaged groups.

| found that no progress was made in reducing the socioeconomic inequalities in
hospitalisation due to non-communicable conditions from 1989 to 2008. This is

despite Sweden having been particularly determined to reduce the health gap
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between rich and poor, making it a central objective of public health and social policy
agendas since the 1980s (360). However, this study was focused on childhood SEP,
not considering adult SEP. It is feasible that some participants may have experienced
upward or downward mobility in their adulthood, hence overestimating or
underestimating the inequality in hospitalisation. Social policies in Sweden are
considered to be particularly protective for those suffering poor health, as individuals
do not easily lose their job when facing morbidity (406). This, at least, should be
effective in preventing downward mobility. Overall, generous social benefits, for
instance, due to unemployment or childcare may be supportive of upwards mobility
(407-409)—particularly among those in lower socioeconomic position—potentially
leading to less health inequality. In addition, it appears that the association in
Sweden between upward mobility and good health is stronger than between
downward mobility and poor health (410, 411). For instance, men’s all-cause
mortality—as well as due to physical diseases, health related behaviour and
suicide—was found to be inversely linked with upward mobility but rarely with
downward mobility (410). If this was also true for hospitalisation, one would expect a
diminished health gap when considering adult SEP indicators. This is something that
future research could explore, however deriving a consistent adult SEP variable was
not feasible in the dataset used in this study as the age of participants varied from

age 19 to 91.

Furthermore, there was an indication of greater inequality among a younger
generation compared to their parents in several conditions, due to which
hospitalisation could be avoided. This includes depression, asthma, diabetes or heart
failure. It is important to understand the reasons for this increase in inequity in

healthcare utilisation to facilitate devising more effective policies and interventions.
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Stronger association between childhood SEP and hospitalisation in the second
generation compared with the first may also be explained, to some extent, by the fact
that SEP and hospitalisation were measured closer in time for the second generation.
For instance, previous research has shown that the most recently measured SEP—
with the smallest time gap before the incidence of morbidity or mortality—tends to

have the strongest association with these outcomes (412).

6.3.4 Strengths and limitations

The main strength of the current study is the use of register databases, which enable
analysis with virtually no missing data for other reasons than emigration or death. In
addition, the data are free from response biases, such as recall or social desirability
bias, which are present in self-reported outcomes. Moreover, the registries allow for
setting up the data as an accelerated longitudinal study—which is a gold standard for
studying age and cohort effects (see section 1.2.2). Nonetheless, there is no
guarantee that cohort effects are not partially attributable to period effects. Period
effects could be manifested by an overall trend in the population to have a greater
propensity to report health problems, for instance, due to rising health awareness and
expectations. This, however, would still translate into higher rates of hospitalisation in
younger birth cohorts at the same age—captured by age-cohort analysis (see section
1.2.2). Another limitation of the study is that the data were available only until 2008,

hence studying the trends during the last decade was not possible.

6.3.5 Conclusion

Younger birth cohorts had a higher prevalence of hospitalisation at overlapping ages,

with inter-cohort differences increasing with age in absolute terms due to overall
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rising probability of hospitalisation. Those born to parents with medium and low
socioeconomic position had higher odds of experiencing hospitalisation during the
observation period—with no evidence of reductions in the socioeconomic gradient
across cohorts. The findings emphasise the need for policies and interventions
reducing morbidity burden due to key non-communicable conditions, particularly

among those of low socioeconomic position.
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Chapter 7. Discussion

In this thesis, | systematically reviewed the evidence on secular trends in key chronic
conditions, disability and self-assessed general health among adults in the United
Kingdom and conducted three empirical studies using the British birth cohorts and
the Uppsala Birth Cohort Multigenerational Study. In this section, | first summarise
the main findings of each study (Chapters 2, 4-6). Subsequently, | provide a critical
evaluation of methodological issues. This is followed by recommendations for future

research, policy and practice implications as well as conclusion.

Chapter 2 comprises a systematic review of evidence on secular trends in main
chronic conditions (accounted for at least 1% of disability-adjusted years of life),
disability and self-assessed general health among adults in the United Kingdom
between 1946 and 2017, as reported in primary/secondary care databases and
population-based surveys. The focus of the review was on (1) trends in age-
standardised or age-specific prevalence of major non-communicable diseases,
disability and self-reported general health; (2) trends in health expectancy. Studying
trends in a wide range of morbidity outcomes was in contrast with previous
systematic reviews, which investigated trends focused on only disability-related

measures (34, 35).

There was no evidence on improvement in the age-standardised or age-specific
prevalence of any of the studied major chronic conditions over the last few decades,
apart from Alzheimer’s disease. Both increasing or stable prevalence rates with
simultaneous rising life expectancy support the expansion of morbidity theory,
meaning that people are expected to spend a greater number of years with chronic
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condition(s). The evidence on trends in disability, expressed as prevalence or health
expectancy, was more inconsistent, with slight support for the expansion of morbidity

among those aged 65 or over.

As shown by the systematic review, most research on secular trends in morbidity is
focused on the older population or across entire age-standardised populations.
Hence, it was not possible to determine the age at which morbidity differences start
to emerge across different birth cohorts. This emphasised the need for more
research using longitudinal data across multiple birth cohorts, which allows for
comparing trajectories in health outcomes at overlapping ages across groups of

individuals born at different time.

Chapter 4 includes analyses of prospective longitudinal birth cohort studies, with the
main objectives: (1) to estimate the prevalence of multimorbidity in mid-life (age 46-
48) in the British cohort born in 1970 (BCS70); (2) to examine the association
between early-life characteristics and mid-life multimorbidity in BCS70; (3) to
compare the estimates of multimorbidity, as well as its components and the
magnitude of associations across two cohorts, born 12-years apart (1958 vs 1970):
the NCDS and the BCS70. This study serves as the first investigation of trends in
multimorbidity, with likely nationally representative (see Chapter 3) samples of the

mid-life population in the UK, contributing to the limited evidence (256-258).

The prevalence of multimorbidity was alarmingly high in mid-life (33.8% at age 46-48)
in BCS70, with those in lower social classes at birth being disproportionally affected.
The prevalence also appeared to increase over time—among those born in 1970
compared with 1958. Multiple early-life exposures including social class at birth,
birthweight, BMI (at age 10), cognitive ability (at age 10), internalising and
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externalising problems (at age 16) were associated with mid-life multimorbidity (at
age 46-48); with the association between BMI as well as externalising problems and
multimorbidity being particularly strong. | did not find any changes over time in the
magnitude of the association between early-life exposures and multimorbidity in
relative terms, indicating that other factors, perhaps in early adulthood account for the
observed increase in multimorbidity. However, due to overall higher prevalence of
multimorbidity in the BCS70, the absolute cohort-differences somewhat increased
along with values of each exposure indicating higher vulnerability (e.g. higher number
of internalising problems or lower cognitive score). This additive interaction effect was
particularly prominent for BMI, whereas for other exposures, the absolute differences
were rather modest. However, they still may amount to an important public health
problem if the cross-cohort difference turns out to be a trend across successive birth

cohorts.

Previous studies showed overall worse health outcomes in BCS70 compared with
NCDS, including psychological distress, self-reported health, long-standing illness
(39, 215, 245). My research contributed to these findings by showing a higher
prevalence in other outcomes, such as objectively measured diabetes and obesity as
well as self-reported asthma/bronchitis and epilepsy. Differences were not found in
lifetime prevalence of any cancer and objectively measured hypertension, which also

points towards expansion of morbidity.

Chapter 5 reports on the study that investigated the age trajectory of psychological
distress over time in three British birth cohorts (1946 - NSHD, 1958 - NCDS and 1970
— BCS70), including—to the best of my knowledge—the longest continuous follow up

of this outcome within the same individuals from age 36 to 69. | also examined cohort
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differences in mental health across three representative British birth cohorts: the

1946 (NSHD), 1958 (NCDS) and 1970 (BCS70).

The combination of these three studies allowed for studying age and cohort effects in
mental health among 28,362 participants, aged 23-69, over a period of 1981-2016. A
comparison across cohorts allowed me to test cohort differences, enabled greater
generalisation of the findings across post-WW2 generations and helped to transcend
period effects. This study expanded on the previous analysis of age and cohort
effects of NCDS and BCS70 (38, 291), by including additional waves of data (age 50
in NCDS and age 34 and 46 in BCS70) as well as by including NSHD—the oldest

and longest-running birth cohort in the UK.

Across three post-war British cohorts, there was a clear increase in mental health
problems between early-adulthood and mid-life. This increase appeared to be
steeper in the NCDS and BCS70 than NSHD. In the NSHD, where additional data
sweeps were available, mental health improved into early old age. Participants of
both NCDS and BCS70 also experienced elevated levels of mental health problems
in their mid-20s. Progressively younger birth cohorts had worse mental health across

adulthood, providing evidence for the theory of expansion of morbidity.

Chapter 6 encompasses a prospective longitudinal study, using two generations of
the Uppsala Birth Cohort Multigenerational Study conducted in Sweden, which aimed
to examine cohort differences in age trajectories of hospitalisation due to key non-
communicable conditions and if these varied by paternal socioeconomic position.
Sweden is known to have high quality administrative data allowing for studying trends

in hospitalisation as a quasi-objective health indicator.
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The study found that successively younger birth cohorts had a higher prevalence of
hospitalisation at overlapping ages, with inter-cohort differences emerging from early-
adulthood and increasing with age in absolute terms. For instance, at age 40 the
predicted probability of hospitalisation increased across birth-cohorts—from 1.2%
(born in 1948-52) to 2.0% (born in 1963-67), whereas at age 50 it was 3.0% for those

born in 1938-42 compared with 4.6% among participants born in 1953-57.

Those with medium and low parental socioeconomic position (vs high) had 13% and
20% higher odds of experiencing hospitalisation during the observation period—
when age, year-of-birth and gender were accounted for. Hence, no progress was
made in reducing the socioeconomic inequalities across cohorts born between 1915

and 1972.
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7.1 Evaluation of data and methods

In this section, | provide an overview of some challenges related to the data and
methods used in the thesis and discuss resulting limitations. More specific limitations

of each individual study were described in corresponding chapters.

7.1.1 Generalisability

All four data sources—NSHD, NCDS, BCS70 and Multigen UBCoS—are considered
to be broadly representative for the population of the same age as participants of the
studies (149, 153, 155, 157, 158). The British birth cohorts included everyone who
was born within one week in a given year (1946, 1958, 1970), hence they were
deemed to be representative for those birth cohorts at the time of recruitment (149,
153, 155). The UBCoS comes from the Uppsala region in Sweden. There is
considerably little published work on the external validity of the UBCoS in the context
of the general population, particularly among the younger generations. Generation 1
within the UBCoS has been found to be nationally representative of Sweden in terms
of infant mortality and fertility (160), with a higher proportion of births to single

mothers (161) and infants from urban areas (162).

The main limitation for generalisability of all four studies for today’s population is that
they do not account for migration that has taken place over time in the UK (349) or
Sweden (413). Hence, their participants are nearly exclusively white. The empirical
studies in this thesis were largely focused on the cohort effects in morbidity, which
may differ compared with those at play among the migrant population, for instance,
due to healthy migrant effect (350). However, the evidence from this thesis is
discussed in the context of repeated cross-sectional studies, which overcome this

limitation as they provide snapshots of the entire population over time.
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Another potential limitation is the lack of permanently institutionalised population in
the sample of most reviewed studies (Chapter 2) as well as in the samples used in
the empirical studies (Chapters 4-6). The changes in the prevalence of
institutionalisation over time may lead to under-/overestimation of prevalence of
morbidity. A few studies that took that into account did not, however, find any
difference in estimates—due to the overall low proportion of the institutionalised
population (<5%) (126, 130). The potential bias is expected to be particularly low in
Chapters 4 and 5—as participants of these studies were young compared with the

typically institutionalised population (414).

Finally, non-response and attrition are a threat to the representativeness of the British
birth cohorts. As shown previously (415) and found in the thesis (Chapters 4 and 5),
processes leading to missing data are highly selective—with those in poorer health
and lower socioeconomic position being more likely to have missing information.
However, as explained in the following section, | took advantage of statistical

methods to model missing data, thus increasing generalisability of findings.

7.1.2 Missing data

As discussed in Chapters 4 and 5: the NSHD, NCDS and BCS70 had missing data
due to attrition and non-response. This issue was particularly problematic for BCS70,
partially due to a large loss of sample at age 16 when fieldwork was interrupted by
teachers’ strike (416). Using composite variables, such as multimorbidity, which
requires complete data on multiple variables, further increases the amount of missing
information. Statistical techniques employed in Chapters 4-6, such as maximum
likelihood estimation and multiple imputation were used to maximise power and

reduce potential bias. Nonetheless, these techniques rely on certain assumptions,
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which are discussed in more detail below. The study in Chapter 6 had very little
missing information, hence the discussion of missing data is focused on Chapters 4

and 5.

The first assumption is that the data are Missing-at-Random (MAR), which implies
that systematic differences between the missing values and the observed values can
be explained by observed data (247). This assumption is largely untestable, hence
there is no guarantee that the data are not, in fact, missing Not-at-Random,
potentially leading to biased estimates. MAR is a particularly strong assumption in
health-related research, as those participants with missing data do tend to be of
poorer health prior to attrition or non-response (see sections 4.2.3.1 and 5.2.4). For
instance, if the most disadvantaged and of poor health participants tend to be at
greater risk of dropping out, this would lead to underestimation of morbidity. This can
be seen in Chapter 4 when complete cases are used to estimate multimorbidity. The
strength of the British birth cohorts is that they include rich information on health and
socioeconomic variables, whose inclusion in the imputation model increases the
plausibility of the MAR assumption. These variables may be used as auxiliary to the
main analysis, allowing for predicting missing data with greater accuracy, which leads

to minimising non-random variation in predicted values (347).

The second key assumption is that the imputation models are correctly specified

(281). Simulation studies show that the estimates can be unbiased even with up to
90% missing data if this assumption is met and data are MAR (281). In line with the
recommendations, the imputation models in this thesis included all of the variables

from the analyses, ensuring that the relationship between the variables of interest
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was preserved (246). Additionally, the models were enriched with the aforementioned

auxiliary variables.

The missing data were imputed using multiple imputation by chained equations
(MICE), due to non-monotone pattern of missing values and due to its ability to
accommodate various types of variables in the imputation model, including
continuous and categorical ones. This approach uses a series of univariate
conditional imputation models to impute missing data (417). Continuous variables
were imputed using predictive mean matching and categorical ones using logistic
regressions. Predictive mean matching approach provides robust estimates if the
normality assumption is in question (418), as for instance with mental health
outcomes that tend to be positively skewed (419), or when associations are non-
linear (418). In Chapter 4, similar results were obtained under varying missing data
scenarios and in Chapter 5 when using multiple imputation and full information
maximum likelihood, hence increasing the confidence in the robustness of the

estimates.

7.1.3 Measurement error in health

A variety of morbidity outcomes were used in this thesis, which may have different
implications on understanding secular trends. Trends based on self-reported
measures were examined in Chapters 2 and 4-6. Increases in this type of outcomes
may likely be due to changing definition of health, which has become increasingly
oriented towards wellbeing rather than the mere absence of disease (420). Hence,
younger cohorts may have higher expectations about their health (108). In addition,
rising education might have translated into better health awareness, leading to a

greater willingness to report health problems (421). This may be particularly true for
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mental health outcomes, as there has been great effort to reduce mental health
stigma, yet there is little evidence if stigma has indeed lessened (422).

It is also likely that more effective screening has contributed to the rising rates of
conditions. For instance, there have been some concerns that asthma may be
currently overdiagnosed in primary care, after years of underdiagnosis (139, 423).
Also, the quality of recording tends to improve over time, particularly after adopting
new computer systems, which may lead to higher estimates (140). Moreover, rising
rates of morbidity may be partially caused by programmes incentivising accurate
maintenance of registers of patients with diseases such as asthma or diabetes (e.g.
the New General Medical Services Contract (141)). However, studies that limited
their analysis to services with highly accurate data—as a sensitivity check—tended to

find similar trends—for instance in diabetes (115).

The morbidity outcome used in Chapter 6 may to some extent be free from the above
biases. As it is a proxy of more severe morbidity, one would expect that it would be
less affected by screening programmes or greater willingness to report health
problems, which may be expected to be more relevant for less severe and more
common conditions such as asthma or diabetes. Also, as the analysis in Chapter 6
was limited to years with high-quality data (1989-2008), improvements in data
collection over time should have little impact on the trends. However, the relationship
between morbidity and hospitalisation is complex and potential reasons for an
increase in hospitalisation may be related to both changes in the prevalence of
morbidity and healthcare utilisation over time. Observer-measured morbidity
outcomes were also used in Chapter 4: BMI, blood pressure and HbAlc. These

variables are not affected by self-report biases and may provide “true” estimate of
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morbidity and its secular trends—as long as they are measured in a consistent

manner over time, as it was the case in Chapter 4.

There is little evidence that the described challenges related to the measurement of
health indeed affect secular trends. Moreover, most health problems, particularly
related to mental health are considered to be underdiagnosed (424). As shown in
Chapter 4, this also may be true for diabetes and hypertension as a large proportion
of untreated individuals remains. Hence, the increase in morbidity over time, even if
partially driven by greater willingness to report health problems, may just reflect
diminishing underestimation of health problems over time—hence representing the
morbidity burden with increasing accuracy. Furthermore, the evidence suggests that
at least interpretation of questions related to mental health has not been affected by
self-report biases over time (38, 310). As long as rising trends in self-reported
outcomes reflect increasing demands on public services, they should be treated as a
real public health problem—regardless if this is due to a greater propensity to report

health problems, as opposed to “true” (latent) underlying health.

7.1.4 Age-period-cohort effects

Most studies included in the systematic review (Chapter 2) investigated age-adjusted
(mainly by standardisation) or age-specific period effects in morbidity. The vast
majority of included publications used routinely collected data, or repeated cross-
sectional studies. The evidence based on longitudinal data was limited to a few
studies using the ELSA and BHPS (35, 95, 96, 125). This provided motivation for
Chapters 4-6, in which | combined longitudinal data across multiple birth cohorts in a

fashion of accelerated longitudinal design—a gold standard in studying age-period-
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cohort effects. The advantages of different study designs were discussed in more

detail in section 1.2.2.

In this thesis, | examined age-specific cohort effects in the prevalence of
multimorbidity and in the magnitude of the association between early-life
characteristics and multimorbidity (Chapter 4). Cohort effects were studied by a
simple regression analysis with year-of-birth (or cohort membership) treated as the
exposure and multimorbidity as the outcome. The advantage of this analysis is that it
is unfeasible that there are any confounders of this association, that is, anything
which may simultaneously cause year-of-birth and multimorbidity. The cohort effects
in the association between early-life characteristics and multimorbidity were studied

by including an interaction with year-of-birth as a modifier of the association.

In Chapter 5, | studied age and cohort effects in mental health, by stratifying age
trajectories of the outcome across birth cohorts. As explained in section 1.2.2, this
allowed to improve the generalisability of the findings. For instance, | found that
mental health universally worsened between early-adulthood and mid-life. In order to
examine if these trajectories differed across birth cohorts, | included age-by-year-of-
birth interaction term. This analysis helped to examine cohort effects occurring at
different ages—which further revealed that mental health problems increased to a
greater extent between early and mid-adulthood in NCDS/BCS70 compared with
NSHD. In addition, | examined overall differences in mental health across birth
cohorts with age-adjusted multilevel regressions, where year-of-birth was treated as
the exposure and mental health as the outcome. Overall higher levels of mental
health problems were found in successively younger birth cohorts, when age-

differences in birth cohorts were accounted for.

223



Period effects were not formally tested in this analysis, however, their potential
implications were discussed. | used a simple strategy to facilitate this discussion,
where cohort-stratified trajectories were plotted with age being replaced by calendar
years on the X-axis (Figure 5.5 in section 5.3.3). As the increase in mental health
morbidity from early-adulthood to mid-life was observed universally across all three
Birth cohorts—occurring at different calendar years—it can be considered an age-
effect. | used a multilevel framework with measurement occasions (age) treated as
clustered within individuals throughout the study. This allows for accounting for the
interdependence of the measurement points due to being observed within the same

individuals, hence providing more accurate estimates of standard error (319).

In Chapter 6, | used a similar approach—where age and cohort effects in
hospitalisation were modelled using a multilevel framework. However, the data had
three hierarchical levels to account for: clustering of measurement points (level 1)
within individuals (level 2), who in turn, were clustered within families (level 3; as the
data included parents and their children). The data were set up in a form of
accelerated longitudinal study: with 1915-1929 (parents) and 1938-1972 (children)
birth cohorts, observed at 5-year-interval periods (1989-1993, 1994-1998, 1999-
2003, 2004-2008). In such a set-up of registry-based data, we can observe cohort-
specific age trajectories of hospitalisation over overlapping 20-year study period. In
addition, | investigated age and cohort effects in inequality in hospitalisation, defined
according to the father’s social class at birth. There was no evidence for a differential
relative socioeconomic gap in hospitalisation across birth cohorts or age. One
limitation of the data is that by pooling age (and birth cohorts) groups within 5-year
intervals we assume a uniform effect across those ages (and birth cohorts). However,

this pragmatic approach had to be implemented due to the sparsity of the data.
224



Period effects were not explicitly tested in this analysis and there is no guarantee that
cohort effects are not partially attributable to period effects. Period effects could be
manifested by a greater propensity in the population to report health problems, for
instance, due to rising health awareness and expectations. This, however, would still
translate into higher rates of hospitalisation in younger cohorts at the same age—

captured by age-cohort analysis.
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7.2 Recommendations for future research

The need to further investigate secular trends

Population ageing leads to rising societal costs and demands on healthcare. In order
to better anticipate these demands and allocate resources more effectively, evidence
is needed to understand the mechanisms that underlie secular trends in various
health outcomes. The most poorly understood trends are in disability, as the research
is highly inconsistent and limited to the older population (see Chapter 2). Disability
can occur at any time in life and research on disability at all ages is needed (143).
For instance, 44 million people aged 15-64 (14.0 % of that age group) reported a
basic activity difficulty in 2011 among the EU-28 countries (143). | was unable to
investigate trends in disability across the British birth cohorts, due to a lack of
comparable measures. However, consistent measures exist within other datasets,
such as the English Longitudinal Study of Ageing (ELSA) or the Understanding
Society, which, allows for studying trends in the younger population. In addition,
further research would benefit from studying trends in cause-specific disability

leading to more precise practice and policy implications.

The evidence is lacking in trends of risk factors and morbidity outcomes in early-
adulthood. These trends can be better understood by comparing more recent birth
cohorts, including the Millennium Cohort Study (born in 2000-01), the Next Steps
(born in 1989-90) or the Avon Longitudinal Study of Parents and Children (born
1991-92). These studies have been increasingly used for cross-cohorts comparisons,
for instance, to investigate trends in mental health (201), obesity (37) or various

negative health behaviours (425-427).
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Using registries allows for studying trends in the onset of disease, which would
further help to understand whether members of younger birth cohorts are more likely
to develop specific morbid conditions at an earlier age. In Sweden or other
Scandinavian countries, registry data have nationwide coverage, they are of
particularly high quality and are available over an extensive period of time (from
1980s for most of the outcomes) (428). Hence, these datasets can be used in
complementary manner to the population health surveys that are particularly

prominent in the UK—as this thesis aimed to do.

In addition, secular trends in morbidity across various segments of population should
be studied more extensively—for instance depending on geographic area, urbanity or
ethnic group. This was not the focus of this thesis, however it can be done with the
British birth cohorts, which include information on the aforementioned variables. This
would help to recognise if there are any groups at increasingly disproportional risk of
morbidity, in comparison with the general population and if targeted policies are

needed to address the specific needs of these populations.

The need to explain secular trends

An important next step in research on population health change is to explain secular
trends in morbidity, in the context of declining mortality. As it was observed in
Chapters 2, 4 and 5, there appears to be the greatest increase in types of non-
communicable morbidity, which can be relatively well-managed and do not directly
lead to mortality. For instance, prevalence of asthma, diabetes, depression is on the
rise. Whereas diseases that are of much higher risk for mortality appear to be stable
(e.g. cancer, hypertension) or declining (e.g. Alzheimer’s disease). Hence, one could

hypothesise that risk factors that have stronger links with morbidity rather mortality
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may be increasing in prevalence or they may become gradually more strongly linked
with morbidity. For instance, in Chapter 4 we saw that those born in 1970
experienced marginally more mental health problems in their youth and on average
lower birthweight—both linked with a range of adult morbidities. Furthermore,
although BMI was comparable across both birth cohorts, there was some evidence
that the link between BMI and multimorbidity has slightly strengthened over time (73).
Likewise, emotional problems in childhood appear to be more strongly associated
with future mental health problems (201). Similar studies could be conducted using
mortality as an outcome, for instance by combining multiple British birth cohorts,
which would elucidate whether there any changes over time in the magnitude of
association between important risk factors for mortality (e.g. hypertension) and
mortality. As in Chapter 4, this could be done by using year-of-birth (or cohort
membership) as a moderator of the association between a given risk factor and
mortality.Another approach to explaining secular trends in morbidity, is by studying
mediating mechanisms linking year-of-birth and morbidity. Such factors may include
changes across birth cohorts in education, health behaviours, socioeconomic
circumstances (e.g. see section 5.4.3 for discussion of these factors in the context of
mental health). Such analysis can be conducted combining the British birth cohorts
used in this study or taking advantage of other previously mentioned studies,
including the ELSA or Understanding Society. Most studies tried to explain those
trends by adjusting for potential mediators in a regression analysis, including them
alongside confounders as controls in the model, without providing explicit estimates
of the effect that they explain (289, 297). Another disadvantage of these studies is
lack of consideration of potential bias due to intermediate confounder or mediator-
outcome confounding (218). For instance, conduct problems measured in early-life
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may mediate the association between year-of-birth and a range of morbidity
outcomes whilst confounding the relationship between adult socioeconomic status
and those outcomes. Future research would benefit from using formal mediation
methods, in a causal framework, which would produce estimates of indirect effects of
potential mediators and allow for testing potential bias due to mediator-outcome
confounder (429). For instance, Ploubidis and colleagues examined the extent to
which differences in psychological distress between NCDS and BCS70 can be
explained by early-life conditions using mediation analysis with g-computation (38).
The study found that higher levels of distress in the BCS70 than in NCDS at age 42
may be partially attributed to breastfeeding and behavioural adjustment at age 16

years (38).

Future research may also examine whether rising secular trends in morbidity are not
merely due to differences in reporting. For instance, it has been repeatedly
suggested that people are progressively more likely to report health problems due to
rising health awareness and expectations (108). This hypothesis can be tested by
studying measurement invariance across different birth cohorts, as it has been done
for mental health outcomes (310). If indeed, a scalar invariance was found, as it was
the case with the mental health measures used in this thesis (Chapter 5), this would
indicate that participants who have the same value on the latent construct have equal
values on the items used to measure the construct. This would imply that the latent

mean of morbidity could be compared across different birth cohorts.

A somewhat indirect test of the aforementioned hypothesis would be to examine the
change in the magnitude of associations between morbidity (as an exposure) and

other wellbeing-related, societal and economic outcomes. These outcomes could be

229



selected to reflect overall functioning of an individual in various life domains:
disability, life-satisfaction, wellbeing, human capital, absenteeism or social
participation to name a few. As in the dynamic equilibrium theory, if a higher level of
morbidity was purely due to a greater willingness to report health problems or earlier
detection via screening programmes, one would expect a diminishing association
between morbidity and other outcomes over time. If morbidity is equally (or more)
detrimental for one’s functioning, while its prevalence is increasing, this would
indicate an increasing burden for the society. Such studies have been conducted,
one showing that mental health problems have become more strongly associated
with negative social, educational and mental health outcomes over a 40-year period
(201). Another study found a marginal reduction of the impact of multimorbidity on
primary care visits and functional capacity, but not on hospital admissions and quality
of life in ten European countries between 2006-07 and 2015 (430). Similar research
could be conducted using the British birth cohorts, where a range of comparable

social, economic and wellbeing measures are available.

7.3 Policy and practice implications

This thesis shows that there is a clear increase in the prevalence of non-
communicable, mostly chronic conditions (e.g. diabetes, asthma) as well as mental
health problems, with some conditions indicating stable prevalence (e.g. cancer,
hypertension). Due to increasing life expectancy, only reduced morbidity in younger
birth cohorts can be considered as a truly positive scenario. Any other outcome
would translate into more years spent with morbidity during the lifetime and an
increasing number of individuals experiencing morbidity in the population. Even if the

dynamic equilibrium scenario would turn out to be true, the demands on healthcare
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system would still increase as a greater number of individuals would require health
services. Moreover, younger birth cohorts appear to experience higher rates of
multimorbidity already in mid-life and are hospitalised at an increasingly younger age.
This supports the assumption that the onset of morbidity happens at an earlier age in
younger birth cohorts. If the differences in mid-life morbidity found in Chapter 4,
indicate a more long-term cohort effect, rather than being limited to these specific
birth cohorts (born around 1958 vs 1970), the current young adults would be
expected to have even higher rates of morbidity when they reach mid-life and
potentially older age. There is some evidence suggesting that, indeed, we may
expect a gradual increase risk in morbidity, for instance due to drastically rising BMI

in childhood in more recently born cohorts (e.g. in 2000 compared with 1990) (37).

This emphasises the need for more preventative efforts, rather than merely focusing
on treatment. Acting in early-life may be particularly effective for preventing a range
of morbidity outcomes in adulthood, as that is when life course trajectories of adverse
exposures tend to emerge—predisposing to adult morbidity (181, 182). As higher
rates have been observed across a range of morbidity outcomes, it is necessary to
act on wider health determinants, likely to generally predispose to poor health. Such
determinants were studied in Chapter 4, which found that BMI and externalising
problems have particularly strong links with mid-life multimorbidity. Their impact on
adult morbidity may be reduced by either lowering prevalence of those

characteristics, or by reducing their harmful consequences.

This can be done either by directly acting on those characteristics or on potential
mechanisms linking them with future morbidity (as discussed in Chapter 4). For

instance, it may be more feasible to devise health interventions and policies aiming at
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reducing childhood obesity, rather than its impact on morbidity. These may include
educating about and promoting a healthy diet and exercise at schools (431, 432), or
higher taxation of sugary products (433), however the evidence on effective
interventions is lacking. For mental health problems, a combination of interventions
can be implemented—nboth shifting their distribution and promoting equal
opportunities for those predisposed to suffer from poor mental health. Schools may
be particularly suitable environment for such interventions, as they already comprise
structures for wellbeing promotion and prevention of mental health problems (197,
434). However, the evidence on effective interventions, particularly for externalising

problems, is still limited (434).

Externalising problems appear to be linked with unhealthy behaviours (435), possibly
leading to an accumulation of risks across the lifespan that are related to a range of
morbidity outcomes (55). An effective approach may address modifiable risk factors
that mediate the relationship between early-life externalising problems and later
health—including alcohol consumption, smoking, sedentary lifestyle and diet (55).
Specific recommendations for tackling these problems have been developed. For
instance, the National Institute for Health and Care Excellence emphasised the need
to recognise problematic consumption of alcohol early and act both at the population
level (e.g. by reducing marketing of harmful substances) and the individual level (e.g.

cognitive-behavioural skills training) (436).

Childhood adverse socioeconomic circumstances appear to be directly linked to adult
morbidity, through sensitive or critical periods and they increase the risk of
experiencing multiple risk factors accumulating over the life course (437), leading to a

socioeconomic gradient in health (as found in Chapters 4 and 6). People of manual
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social class or low education lagged behind more advantaged groups in their
improvement in life expectancy and to even a greater extent, in health expectancy—
disproportionally extending their time lived with morbidity between the 1990s and
2000s in the UK (128, 129). These inequalities were seen in studies included in
Chapter 2—both at the national level (Scotland having worse outcomes than
England) and regional level (Northern England having a greater burden of morbidity
than Southern England) (119, 122, 123). Regional variability appeared to be larger in
mortality than morbidity (398). Overall, this emphasises the need for health policies
and interventions targeted at particularly vulnerable groups, in order to close the
health gap between rich and poor. In addition, these efforts ought to be more focused
on morbidity prevention, where the largest inequalities appear to exist (106, 122,
398). Wide-reaching structural changes, rather than approaches focused on
individuals, will likely have a greater impact on improving health of the most
vulnerable populations (438). For example, adversities across the life course can be
reduced by providing families with young children with affordable quality childcare,
investing in neighbourhood safety and social capital, increasing minimum wage
(438). Despite the priority of policy-makers in Europe to reduce health inequalities,
they have generally widened from the 1980s to the late 2000s (365) and have been
persistent in the last decade (439). This emphasises the difficulty in creating effective
policies. In Sweden, where the efforts to reduce health gap have been particularly
intensive since the 1980s, the inequalities have remained largely stable between the
1990s and late 2000s as shown in Chapter 6 and previous research (365). This is
despite wide-ranging policy programmes, which focused on several areas including
nurturing social capital, improving conditions at work, stimulating health-promoting life
habits and developing a satisfactory infrastructure for health (440). Policymakers
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employed specific strategies aimed to address factors such as social cohesion and
housing segregation, children’s education opportunities and reduction of smoking
and alcohol consumption (440), which overall appear to be largely ineffective. A
positive aspect of Swedish policies is their focus on employment protection and
promotion of participation in the labour market among citizens with chronic illness
(440). These policies appeared to be effective in protecting vulnerable individuals
from unemployment during the recession of the 1990s (441) and the more recent
financial crisis of 2008 (210). One criticism of these policies is that they had a limited
evidence-base, largely because such evidence was not available and were mainly
founded around consultations with experts (440), which may partially explain their

overall modest impact.

Findings of this thesis may also contribute to the discussion about policies
surrounding rising retirement age. The common argument for the increase in
retirement age is rising life expectancy, leading to ageing of the population and
increasing proportion of economically inactive individuals (442). For instance, in
2042, there will be 367 pensioners per 1,000 people of working age, 67 more than in
2016) (442). Hence, in the UK state pension age is increasing from 65 to 66 in 2020
and will reach 67 in 2028 (442). However, as it has been seen in this thesis, rising life
expectancy does not necessarily translate into healthier life. The findings of this
thesis suggest the opposite, the population health appears to be worsening, with the
onset of various non-communicable morbidities potentially having an earlier on-set—
for instance in multimorbidity (Chapter 4), mental health problems (Chapter 5) and
inpatient hospitalisation (Chapter 6). If younger birth cohorts are of worse health, it is
unlikely that they have the capacity to work longer. In addition, there are striking

differences between those living in favourable socioeconomic conditions, compared
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to those who do not (e.g. Chapter 6). For instance, analysis of healthy working life
expectancy indicated a strong north-south divide and it appears that these
geographical health gaps may be widening (127, 443, 444). The socioeconomic
health gap exists not only in morbidity, but also in mortality. For example, a 65-year-
old man in Harrow is expected to live additional 20.9 years, six years more than his

equivalent in Glasgow (445).

Hence, seeking to lengthen working life may turn out to be ineffective in the face of
the changing labour market. Instead the focus of the policies may be placed on
enabling those who want to work and are unable to do so, particularly as around half
of workers leave the workforce before the eligible age for pension (445). For
instance, it was observed in Chapter 5 that mental health problems appear to peak in
mid-life. Mental health has been the leading cause of sickness absence and long-
term incapacity (446). Therefore, potential policies and interventions may focus on
designing workplaces supportive for mental health, for instance by reducing job strain
and increasing job control and on improving working conditions and opportunities for
those affected by mental health problems (447). However, there appears to be a gap
in recommendations for mid-life mental ill health, for example reflected in the Royal
College of General Practitioners Mental Health Toolkit (448). It also implies the need

for increased public awareness of mental health in midlife.

7.4 Conclusion

The key finding of this thesis is that we have observed expansion of morbidity in the
last four decades in the United Kingdom: due to key chronic conditions (Chapters 2
and 4), including their multimorbid combinations in mid-life (Chapter 4) and mental

health outcomes (Chapter 5). Likewise, the expansion of morbidity in hospitalisation
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due to major non-communicable conditions was observed in Sweden from the early
1980s to 2000s (Chapter 6). In both countries, expansion of morbidity is not limited to
the older populations, as younger birth cohorts appear to be at elevated risk of
morbidity already in their mid-life. Early-life characteristics, including social class,
birthweight, BMI and cognitive and emotional development (as found in Chapter 4),
appear to be associated with a range of morbidity outcomes in adulthood, hence they

may serve as foundations for preventative efforts.
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Appendices

Appendix 1A Trends in incidence of chronic conditions.

Coronary heart disease

There is some evidence that age-specific, adjusted or standardised incidence rates of
coronary heart disease, have been decreasing since the mid-1960s (91, 96, 140,
398, 449, 450), particularly due to reduced rates of myocardial infarction (140, 398,
449), thus future declines in prevalence are likely. However, it is unlikely that these
reductions in the incidence are large enough to compensate for declining cause-

specific mortality (91).

Stroke
The incidence of stroke has been continuously decreasing from the early-1980s,
mainly among those aged under 75 (109, 451-455). However, this has coincided with

even greater improving survival hence leading to increased prevalence (91).

Colorectal/breast cancer

There was no clear trend in incidence of colorectal cancer between 1970 and 2007
(456-460). The evidence consistently suggested an increase of breast cancer across
all ages between 1971 to 2007, with a simultaneous decline in mortality, (459, 461)

thus leading to higher prevalence rates (457, 459-464).

Asthma
The incidence was found to decrease between 2001 and 2005 (2001: 6.9, 95%CI

6.8—7.0; 2005: 5.2, 95%CI 5.1 to 5.3 per 1000 patient-years, p<0.001) (122).
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Alzheimer’s and other dementias

Due to decreasing incidence rates, declines in dementia prevalence are projected to
continue (125). Nonetheless, there is some evidence from a large study based on
data from a public register in Wales that the incidence has been rising among

patients who are 75 years and older (465).

Osteoarthritis
One study, based on the Consultations in Primary Care Archive including 11 general
practices in North Staffordshire reported an increase in incidence of osteoarthritis

between 2003 and 2010 from 0.3 to 2.0/1000 persons among those aged 35-44 (87).

Lung cancer

The incidence rates of lung cancer have been stable over this period with increases
seen among women and decreases among men, whilst mortality rates have been
declining (124, 140). Incidence peaked among men in the late 1970s and has been
declining ever since, whereas among women a steady increase has been found (92,

457-459, 462, 463, 466-468).

Diabetes

The increase in prevalence of diabetes has been driven by rising incidence (64, 110,

111, 469-471) and decrease in mortality (110).
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Appendix 1B Risk of bias assessment tool.

MODIFIED NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE
COHORT STUDIES

Note: In the comment section briefly justify your answer and explain if anything was done to
assess the impact of a potential bias (e.g. by using sensitivity analyses) and mitigate its
consequences (e.g. using sampling weights to increase representativeness).

Different sources of bias may apply to different study designs, for instance attrition will apply to
population-based surveys, whereas ascertainment bias will be relevant for the studies based on
routinely collected data.

Selection

1) Representativeness of the sample for the UK population (to consider: selection bias, attrition,
inclusion of institutionalised population)

a) Representative of the population
b) Somewhat representative of the population

¢) No description (there is not enough information to make the judgement)

Note. Representativeness of the study population is considered in the context of the population
of the UK, rather than the community which the sample was drawn from as in the original tool.
Nonetheless, if the study includes participants of a certain gender or age, the
representativeness is assessed in the context of that gender or age. A study still can be
considered as representative if institutionalised population is not included, however this should
be noted in the comment section.

Justify your answer:
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*2) Demonstration that outcome of interest was not present at the start of the study (not
applicable in studies estimating lifetime prevalence)

a) Yes

b) No

Justify your answer:

*This item only applies to studies on incidence.

Outcome

1) Assessment of outcome

a) Independent or blind assessment stated in the paper, or confirmation of the
outcome by reference to secure records (x-rays, medical records, etc.)

b) Record linkage (e.g. identified through ICD codes on database records)

c¢) Self-report (i.e. no reference to original medical records or x-rays to confirm the
outcome)

d) No description

Provide a brief description, consider any potential sources of bias:

Comparability of trends

1) Studies used the same methodology to assess outcome (consider method of collecting data
and definition of outcome; answer “no” if either of these were different and provide explanation)

a) Yes
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b) No

¢) No description

Justify your answer:

Note. Select “Yes” if diagnostic criteria for a given condition changed at the national level over
the study period, however it is unclear if this had a direct impact on the data of interest and
make a note of it at the second criterion within comparability of trends.

2) Any other potential biases reducing comparability of the trends (consider: ascertainment bias,
e.g. introduction of screening programmes or more effective methods of assessment; changing
screening criteria; changing demographics of the population; for instance due to migration,
which was not accounted for)?

a) Low risk
b) Moderate risk
c) High risk

d) No description

Justify your answer

Note. Consider if the potential impact of the bias was tested (e.g. sensitivity analysis) or
mitigated. Select “No description” if the author does not provide any information on any other
potential biases (not related to previous criteria) and the study design is not described in enough
detail to make the judgement.
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Appendix 1C Summary of data source evaluation.

As summarised in Appendices 1C and 1D, most commonly used primary/secondary
care databases (the Health Improvement Network, n=4; the General Practice
Research Database, n=4; QRESEARCH, n=2) were large, continuously updated and
representative for the United Kingdom (472-474). These data sources also appeared
to have a low risk of bias due to outcome assessment as they all passed through
regular rigorous validity and reliability checks, thus the risk of bias due to outcome

assessment was low (472-474).

Other, considerably smaller or less-established, primary care databases tended to
have limited representativeness of the UK population. This includes the Continuous
Morbidity Recording project run by the Primary Care Clinical Informatics-Research
Unit (PCCIU-R) (106) and the Diabetes Audit and Research in Tayside (110) (based
in Scotland and not representative for the UK population), the Doctors’ Independent
Network (DIN) (115) (estimates in the included study based only on a subset of family
practices), Hospital diabetes register in the Poole area (UK) (94) (unlikely to be
representative for the general population). Also, there was no detailed information
about how the outcome was assessed in the Quality and Outcomes Framework
(119), Poole hospital diabetes register (94) and the Cardiff/the Vale of Glamorgan

routine hospital and mortality data (116).

It is unclear to what extent the methodology used to record and identify cases in
primary/secondary care databases and other routinely collected data was consistent

over time, as detailed information was rarely available. Nonetheless, there were
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certain issues that might have had an impact on the estimates of trends. For
instance, the Health Improvement Network (THIN) database started recording
patients information prospectively from 2002 (474), however a few studies based
their estimates on information from earlier periods reaching 1996 (64, 105, 111) when
the records were retrieved from other systems. Those might have differed in their
guality and use of clinical codes. Davies and colleagues (105), however, found little
change in the use of different Read codes of coronary heart disease over the period
1996-2002 in their sensitivity analysis. Other studies did not conduct such analysis
(64, 111), but performed a detailed search of records or only used data meeting the
guality assurance standards. There were also changes in the coding system within
GPRD, from ICD-8 to READ in 1998 (121) and the impact of this change on trends is

unclear.

The main UK representative population-based surveys used for estimating trends in
prevalence and health expectancy were the Health Surveys for England and
Scotland (HSE/S) (n=8), the General Household Survey/General Lifestyle Survey
(GHS/GLS) (n=10). Other surveys, tended to be limited to older population (the
Medical Research Council Cognitive Function and Ageing Study; the British Regional
Heart Study; the English Longitudinal Study of Ageing), or were only representative
for small regions rather than the general population (general practices in
Gloucestershire; general practices in Leicestershire; the Arthritis Research
Campaign). Nonetheless, representativeness of the population in those studies was
counterbalanced by stability in the population that increased confidence in the

comparability of trends over time (92, 102, 133). Importantly, only three databases
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included institutionalised population (MRC CFAS study, UK census and study based

on information from general practices in Gloucestershire).

As summarised in Appendix 1D, the outcome in most surveys was self-reported,
through self-administered questionnaire, which are prone to a recall or desirability
bias (475). In one study, physician-reported survey was used (National Morbidity
Survey) (91) and in two studies self-reports were validated with medical records to
address these biases (BRHS) (95, 96). Nonetheless, the data collection procedures
in key surveys (GHS/GLS; HSE/S; MRC CFA) tended to be standardised, with
extensive training for interviewers and reliability checks, thus they were considered

as having low risk of bias due to outcome assessment.

The methodology of the studies was rarely identical over time, however in most
cases the changes did not appear to introduce any serious biases. For instance,
there were changes to the sampling strategy in HSE/S; GHS/GLS; MRC CFAS;
Arthritis Research Campaign, which however did not compromise the

representativeness of the sample.
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Appendix 1D The assessment of the risk of bias in primary/secondary care databases and other routinely collected data.

Database (n
studies)

Country

Representativeness of the UK population

Assessment
of outcome

Risk of bias due to

assessment of
outcome

Any changes to the methodology

over time

THIN (n=4)®4

105, 111, 124)

UK

Representative (primary care)

Record linkage

Low

Consistent from 2002; while

prospective data collection for THIN

started in 2002, the database

includes practice data from the date

a practice became computerised,
which for some of the THIN

practices dates back as far as 1987.

GPRD

(N=4)(109, 120,
121, 136)

UK

Representative (primary and secondary care)

Record linkage

Low

Change of coding system from ICD-

8 to READ

QRESEARCH
(n=2)(122,123)

England

Representative (primary care)

Record linkage

Low

No information

QOF (n=1)419)

UK

Representative (primary care)

Record linkage

No information

No information

CMR (n=1){06)

Scotland

Representative (primary care;
unrepresentative of people from very deprived
areas)

Record linkage

Low

No information

DIN (n=1)119)

England/
Wales

Representative of age-gender population
structure (primary care; northern population
slightly under-represented)

Record linkage

Low

No information

DARTS
(n=1)110

Scotland

Representative of the community population
(Tayside, Scotland), but unclear to what extent
representative for the UK (primary care)

Record linkage

Low

No information

Hospital
diabetes
register

(n=1)©4

England

Representative of the community population
(Poole, England), but unclear to what extent
representative for the UK

Record linkage

No information

No information
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Appendix 1D (cont.) The assessment of the risk of bias in primary/secondary care databases and other routinely collected data.

Routine hospital
and mortality
data (n=1)1®

Wales

Somewhat representative (mainly
urban area)

Record
linkage

No information

Differences in case identification (in
1996, patients were identified from a
data derived from a primary care
audit and a data set created using
record linkage on mainly hospital-
based sources; in 2004, the audit
data were not available, but HbAlc
data from general practice and data
from a podiatry clinic were available)

Note. THIN = Health Improvement Network; ICD-8 = International Statistical Classification of Diseases and Related Health Problems 8th
Revision; GPRD = General Practice Research Database; QOF = Quality and Outcomes Framework; CMR = Continuous morbidity recording
project; DIN = Doctors’ Independent Network; DARTS = Diabetes Audit and Research in Tayside.
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Appendix 1E The assessment of the risk of bias in population-based surveys.

Database Country  Design Representativenes Assessment of Risk of bias due to Any changes to the
(n studies) S outcome assessment of outcome methodology over
of UK population time
GHS/GLS (n=10)¢7- UK Repeated cross- Representative (no  Self-reported (CAPI; Low (highly standardised Change of the design
101,107, 114, 119, 127, 128, sectional (GHS)/ institutionalised face-to-face interview) procedures; extensive from in 2005, from a
138) prospective population) training for interviewers) cross-sectional to a
longitudinal (GLS) longitudinal format
Health Surveys for  England/  Repeated cross- Representative (no  Self-reported (CAPI; Low (highly standardised Highly consistent
England and Scotland  sectional institutionalised face-to-face interview) procedures; extensive methodology;
Scotland (n=8)®L population) training for interviewers; nonresponse
104, 113, 114, 118, 119, 134, reliability checks) weighting has been
137) incorporated into the
weighting strategy
MRC CFAS | & I England/  Repeated cross- Somewhat Self-reported (face-to- Low (highly standardised Highly consistent
(n=3)(108, 126, 132) Wales sectional representative of face interview) procedures; extensive methodology; stable

age 65+ (rural area
in East England,
mainly white,
healthier; includes
institutionalised
population)

training for interviewers;
reliability checks)

diagnostic criteria
(algorithmic
approach to
diagnosis; CFAS |
was a two-stage
study whereas CFAS
Il was one-stage, not
accounting for the
uncertainty
introduced in
multistage processes
leads to
overoptimistic
confidence intervals)
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Appendix 1E (cont.) The assessment of the risk of bias in population-based surveys.

Database Country  Design Representativeness of UK Assessment of Risk of bias due to Any changes to the
(n studies) population outcome assessment of outcome methodology over time
BRHS UK Prospective Somewhat representative of  Self-reported Low (high agreement Somewhat consistent
(n=2)(95.96) longitudinal middle-age men (self-completed between self-report and methodology; the wording of
(socioeconomically and guestionnaire) medical records, but medical questions and coding schemes
geographically and medical records not available for were the same for each
representative; mainly records entire period of study) questionnaire; higher attrition
white; lack of inner city among less healthy
populations and towns with participants, simple sensitivity
high mobility) analyses suggested that these
differences were unlikely to
have a significant impact on the
estimated prevalence trends;
questionnaires were self-
completed, with the exception
of the questionnaires in 1979
(administered) and 1999
(assistance offered)
UK UK Repeated Representative (includes Self-reported No information Disability questions varied
Population cross- institutionalised population)  (self-completed somewhat between 1991 and
census sectional questionnaire) 2001 (a Brass relational model
(n=2)(29. 131) used to account for that)
General England  Repeated Somewhat representative of  Self-reported Low (standardised Consistent methodology; stable
practice in cross- aged 75+ (representative (self-completed procedures; training for population over time
Leicestershir sectional for the Leicestershire questionnaire) interviewers)
e (n=2)102, population; similar age,
103) gender and social class
distribution to England and
Wales; includes
institutionalised population)
National England/ Repeated Representative sample of Reported by GPs  No information No information
Morbidity Wales Cross- GPs (self-completed
Survey sectional form)
(n:]_)(Ql)
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Appendix 1E (cont.) The assessment of the risk of bias in population-based surveys.

Database Country Design Representativeness of UK Assessment of Risk of bias dueto  Any changes to the
(n studies) population outcome assessment of methodology over time
outcome
ELSA (n=2)®> England/  Prospective Representative (survey weights  Cognitive Low (highly Consistent operational case
125) Wales longitudinal  used; sample refreshments; no assessment (face-to- standardised definition based on
institutionalised population) face interview) procedures; extensive  standardised assessments
training for of cognition and function
interviewers; reliability  was applied (more
checks) consistent than clinical
assessments amenable to
change in diagnostic
criteria)
BHPS UK Prospective  Representative (no Self-reported (face- No information No information
(n=1)112) longitudinal institutionalised population) to-face interviews)
Family UK Repeated Representative (no Self-reported (face- Low (highly No information
Resource Cross- institutionalised population) to-face interviews) standardised
Survey sectional procedures; extensive
(n=1)130) training for
interviewers)
Arthritis England Repeated Somewhat representative Self-reported (face- No information Different modes of data
Research Cross- (limited to the northwest region)  to-face interviews collection (study 1: face to
Campaign sectional and self- face interview vs study 2:
(n=1)©2) administered self-administered
questionnaire) questionnaire); different
definitions for identifying
pain syndromes over time,
however the bias judged to
be minimal by authors
Randomly UK Repeated No information Self-reported (self- No information Consistent sampling
selected from Cross- administered methods and response
lists of GPs sectional guestionnaire) rates
(n:]_)(93)
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Appendix 1E (cont.) The assessment of the risk of bias in population-based surveys.

Database
(n studies)

Country

Design

Representativeness of UK
population

Assessment of
outcome

Risk of bias due
to assessment
of outcome

Any changes to the
methodology over
time

General practices
in Gloucestershire
(n=1)133)

England

Repeated
cross-sectional

Somewhat representative of
aged 75+ (representative
age and gender structure;
only Gloucestershire,
England; mainly rural towns;
mainly white population;
more affluent; includes
institutionalised population)

Self-reported (self-
administered
guestionnaire)

No information

Consistent
methodology; stable
population;
institutionalised
population only
representative in the
second survey

Annual Population
Survey (n=1)138)

UK

Repeated
cross-sectional

Representative (no
institutionalised population)

Self-reported (face-to-
face interviews)

No information

Used in comparison
with GHS/GLS, no
information on
consistency of the
methodology

Note. GHS/GLS = General Household Survey/General Lifestyle Survey; CAPI = Computer-assisted personal interviewing; MRC CFAS = Medical Research
Council Cognitive Function and Ageing Studies; BRHS = British Regional Heart Study; UK = United Kingdom; GP = General Practitioner; ELSA = English
Longitudinal Study of Ageing; BHPS = British Household Panel Survey.
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Appendix 2A Key characteristics of main relevant studies.

Reference Country; Study Exposure (age)->Outcome (age): strength of the association Adjusted confounders (age)
(period) (SE/95%CI)

Belbasis et Umbrella review of - Highly suggestive evidence: Lower birthweight->All types of Importance of gestational age

al. (2016) systematic reviews and leukaemia, overweight or obese (16+) emphasised.

(214) meta-analyses (n=39)

Birnie et al. Meta-analysis (n=19) - Low childhood SEP (vs high)-Grip strength (18+): Age.

(2016) (272)

-0.13 standard deviations (95% CI: -0.06, -0.21)

- Low childhood SEP (vs high)->Chair rise time (18+): 6% (4%, 8%)

higher

- Low childhood SEP (vs high)->Inability to balance for 5s (18+):
OR=1.26 (1.02, 1.55)

Booth et al.
(2013) (210)

Clinical Practice
Research Datalink
(2005-2011)

- Obese category | (30+)->Multimorbidity (30+): OR=2.04 (1.98 to
2.11)

Age; gender; socioeconomic
deprivation; smoking.

Buchanan et
al. (2002)
(223)

Great Britain; NCDS
(born 1958)

Men:

- Internalizing problems (7)->Psychological distress (33): OR=1.0
(0.57-1.90)
- Externalizing problems (7)->Psychological distress (33): OR=1.9
(1.11-3.30)

Women:

- Internalizing problems (7)->Psychological distress (33): OR=1.2
(0.86-1.81)
- Externalizing problems (7)->Psychological distress (33): OR=1.7
(1.03-2.70)

Gender and parental
socioeconomic status when the
child was born; parental mental
health (7); structure of the parental
background; social disadvantage;
experience of care (7); family
involvement with the
police/probation service (7);
agency referral for difficulties at
school (7); social services
involvement and domestic tension
(7); outings with mother (7); father
reads to child (7); child’s good
numeric and creative skills (7).
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Appendix 2A (cont.) Key characteristics of main relevant studies.

Reference

Country; Study
(period)

Exposure (age)->Outcome (age): strength of the association Adjusted confounders (age)
(SE/95%CI)

Cooper &
Power
(2008) (216)

Great Britain; NCDS
(born 1958)

Men: Gestational age; smoking status;

- Lower birthweight->Higher total cholesterol (44-45): B=0.01 (-0.02  alcohol use; physical activity levels;
to 0.05) indicators of lifetime socioeconomic
- Lower birthweight->Higher LDL-cholesterol (44-45): B=0.03 (-0.01  Position; menopausal status; height,
to 0.06) BMI.

- Lower birthweight->Higher HDL-cholesterol (44-45): B=0.02 (0.01

to 0.03)

- Lower Birthweight->Higher triglycerides (44-45). B=-0.04 (-0.06 to

-0.02)

Women:

- Lower birthweight->Lower total cholesterol (44-45): B=-0.07 (-0.10
to -0.03)

- Lower birthweight->Lower LDL-cholesterol (44-45): B=-0.03 (-0.06
to —0.002)

- Lower birthweight->Higher HDL-cholesterol (44-45): B=0.01
(-0.005 to 0.02)

- Lower birthweight->Lower triglycerides (44-45): B=—0.05 (-0.07 to

-0.03)
Galobardes  Systematic review - Childhood SEP->Higher risk of cardiovascular disease and Association tended to remain after
etal. (2006) (n=40) coronary heart disease adjusting for adult SEP.
(219)
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Appendix 2A (cont.) Key characteristics of main relevant studies.

Reference Country; Study Exposure (age)->Outcome (age): strength of the association Adjusted confounders (age)
(period) (SE/95%CI)

Hardy et al. Great Britain; NSHD - Birthweight (kg)->Systolic blood pressure (36): B=-1.86 mm Hg (- Age; gender; birthweight; childhood

(2003) (217)  (born 1946) 2.90 to0 -0.82; p<0.01) social class.

- Birthweight (kg)->Systolic blood pressure (43): B=-2.09 mm Hg (-
3.20 to -0.98; p=0.0002)

- Birthweight (kg)->Systolic blood pressure (53): B=-2.57 mm Hg (-
4.00 to -1.14; p=0.0005)

- Birthweight (kg)->Diastolic blood pressure (36): B=-0.28 mm Hg (-
1.13t0 0.58; p=0.5)

- Birthweight (kg)->Diastolic blood pressure (43): B=-0.48 mm Hg (-
1.35t0 0.39; p=0.5)

- Birthweight (kg)->Diastolic blood pressure (53): B=-0.48 mm Hg (-
1.35t0 0.39; p=0.5)

- Childhood manual social class (vs non-manual) (4)->Systolic blood
pressure (36): B=2.09 mm Hg (0.99 to 3.19; p=0.0002)

- Childhood manual social class (vs non-manual) (4)->Systolic blood
pressure (43): B=2.50 mm Hg (1.33 to 3.68; p<0.0001)

- Childhood manual social class (vs non-manual) (4)->Systolic blood
pressure (53): B=3.91 mm Hg (2.40 to 5.43; p<0.0001)

- Childhood manual social class (vs non-manual) (4)->Diastolic blood
pressure (36): B=1.10 mm Hg (0.20 to 2.00; p=0.02)

- Childhood manual social class (vs non-manual) (4)->Diastolic blood
pressure (43): B=1.69 mm Hg (-0.79 to 2.59; p=0.0002)

- Childhood manual social class (vs non-manual) (4)->Diastolic blood
pressure (53): B=1.93 mm Hg (-1.02 to 2.85; p<0.0001)

- Birthweight (kg)->Systolic blood pressure (36-53): B=-0.4 mm Hg (-
1.3 to 0.5; p=0.3) per 10-year increase in age

- Childhood manual social class (vs non-manual) (4)->Systolic blood
pressure (36-53): B=1.0 mm Hg (0.01 to 0.19; p=0.03) per 10-year
increase in age
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Appendix 2A (cont.) Key characteristics of main relevant studies.

Reference Country; Study Exposure (age)->Outcome (age): strength of the association (SE/95%CI) Adjusted confounders
(period) (age)
Hardy et al. Finland UK, Faroe  Men: Mother’s age, height and

(2006) (46)

Islands; European
Birth-Lifecourse-
Studies (born
1927-1966)

- Lower birthweight->Higher systolic blood pressure (31-62): B=0.4 (-4.8 to 5.5)
to B=-2.1 (-3.8, -0.4)

Women:
- Lower birthweight->Higher systolic blood pressure (31-62): B=-1.6 (-4.0 to 0.9)
to B=-2.1 (-3.0t0 -0.1)

education; birth order;
current BMI and height.

Henderson et
al. (2009) (224)

Scotland; The
Aberdeen Children

- Often appears miserable or unhappy (6-12)->Permanently sick or disabled (46-
51): OR=3.81 (1.01 to 14.4)

Year of birth, gender, 1Q
and father’s social class

of the 1950s (6-12).
Henderson et Great Britain; - NSHD: Higher cognitive ability (10/11)->Long-term sickness (53): OR=0.70 Gender and parental
al. (2012) (222) NSHD (born (0.56 to 0.86) social class.
1946)/NCDS (born - NCDS: Higher cognitive ability (10/11)->Long-term sickness (42): OR=0.69
1958)/BCS70 (0.611t0 0.77)

(born 1970)

- BCS70: Higher cognitive ability (10/11)->Long-term sickness (34): OR=0.80
(0.66 to 0.97)
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Appendix 2A (cont.) Key characteristics of main relevant studies.

Reference

Country; Study

Exposure (age)->Outcome (age): strength of the association (SE/95%CI)

Adjusted confounders

(period) (age)
Humphreys etal.  England; - Lower birthweight->Multimorbidity (64—68): unadjusted OR=1.29 (0.58, 2.89) Diphtheria immunised;
(2018) (212) Hertfordshire - Higher no. of childhood illnesses->Multimorbidity (64—68): adjusted OR=1.15 no. of childhood
Cohort Study/ (1.06, 1.25) illnesses; paternal social
Clinical class; maternal age at

Outcomes Study

birth; breastfeeding;
birthweight; growth in the
1%t year; age; gender;
adult BMI; adult physical
activity; adult smoking
and alcohol
consumption.

Johnston et al.
(2019) (211)

Aberdeen
Children of the
1950s (ACONF)
cohort (Scotland)

- SES associated with multimorbidity both in adjusted and unadjusted models
(p<0.001), however after adjustment association between individual categories
has attenuated (e.g.):

Unskilled vs skilled manual social class at birth->Multimorbidity (mean age: 48):

unadjusted OR=1.43 (1.06, 1.93); adjusted OR=1.20 (0.91, 1.70)

Educational attainment,
gender, cognition at age
7 and school type.
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Appendix 2A (cont.) Key characteristics of main relevant studies.

Reference

Country; Study (period)

Exposure (age)->Outcome (age): strength of the association (SE/95%CI)

Adjusted
confounders (age)

Lebenbaum et al.
(2018) (200)

Canada; National
Population Health
Survey (1996-7);
Canadian Community

Health Surveys (2012—-

13)

- Class Il/lll obesity (mean=45-47)

->Multimorbidity (mean=45-47): OR= 3.91 (3.06, 4.99)
- Class | obesity (mean=45-47)

->Multimorbidity (mean=45-47): OR=2.30 (1.94, 2.74)

Changes over time (1996—7 vs 2012-3):

- Class Il/lll obesity (mean=45-47)
->Multimorbidity (mean=45-47): OR=1.48 (1.13, 1.95)

- Class | obesity (mean=45-47)
->Multimorbidity (mean=45-47): OR=1.38 (1.14, 1.68)

Age, gender, marital
status, immigrant
status, home
ownership, rural
residence,
education, income
quintile, smoking
status, alcohol
consumption.

Li et al. (2015)
(73)

Great Britain; NSHD
(born 1946)/NCDS
(born 1958)

Men:
Associated only in NCDS:

- NCDS: BMI (7-16)->SBP (43-45): r=0.21 (0.17 to 0.24)
- NSHD: BMI (7-16)->SBP (43-45): r=0.04 (-0.03 to 0.12)

Women:
Stronger association in NCDS than NSHD:

- NCDS: BMI (7-16)->SBP (43-45): r=0.19 (0.12 to 0.26)
- NSHD: BMI (7-16)->SBP (43-45): r=0.11 (0.02 to 0.21)

Blood pressure
device; medication;
age at examination.
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Appendix 2A (cont.) Key characteristics of main relevant studies.

Reference Country; Exposure (age)->Outcome (age): strength of the association (SE/95%CI) Adjusted confounders
Study (period) (age)

Mensah & Great Britain; - Low birthweight (<=2.5kg)->Fair/poor general health (30/33): 1.16 (0.99 to 1.36) Socioeconomic

Hobcraft (2007) NCDS (born - Low birthweight (<=2.5kg)->Long-standing illness (30/33): 1.18 (0.96 to 1.46) deprivation, family

(215) 1958)/BCS70 - More behaviour problems (5-16)->Fair/poor general health (30/33): 1.40 (1.18 to housing tenure, family

(born 1970) 1.66)

- More behaviour problems (5-16)->Long-standing illness (30/33): 1.29 (1.03 to 1.62)
- Lower academic test scores (5-16)->Fair/poor general health (30/33): 1.48 (1.25 to
1.75) - 1.89 (1.64 to 2.18)

- Lower academic test scores (5-16)->Long-standing illness (30/33): 1.30 (1.12 to

1.52)

disruption, parental
interest, academic
test scores, cohort
gender; other
predictors as
appropriate.

Neeleman et al.
(2002) (213)

Great Britain;
NSHD (born
1946)

- Negative affect (13)->Somatic symptom count (43): B=0.090 (0.036, 0.144)

- Negative affect (13)->Psychiatric symptom score (43): B=0.130 (0.090, 0.170)
- Anxiety (15)->Somatic symptom count (43): B (boys)=0.110 (0.051, 0.169);

B (girls)=0.044 (-0.018, 0.106)

- Anxiety (15)->Psychiatric symptom score (43): B=0.066 (0.023, 0.109)

- Aggression (13)->Somatic symptom count (43): B=0.052 (0.013, 0.093)

- Aggression (13)->Psychiatric symptom count (43): B=0.046 (0.006, 0.086)

Gender.

Park et al. (2012)
(221)

Systematic
review (n=39)

- BMl/obesity (2-19)->Type 2 diabetes: OR ranged 1.22-2.04
- BMl/obesity (2-19)->Hypertension: OR ranged 1.35-3.75
- BMl/obesity (2-19)->Coronary heart disease: OR ranged 1.53-5.43

A range of
confounders adjusted
in individual studies.

Singh-Manoux et
al. (2005) (220)

England; - Low childhood socioeconomic position (<16)->Coronary heart disease (47-69):
Whitehall 11 RR=1.95 (1.36, 2.81)

(born 1930- - Low childhood socioeconomic position (<16)->Physical component score (47-69):
1950) RR=1.30 (0.98, 1.74)

- Low childhood socioeconomic position (<16)->Mental component score (47-69):
RR=1.69 (1.26, 2.26)

- Low childhood socioeconomic position (<16)->General Health Questionnaire (47-69):

RR=1.52 (1.14, 2.03)
- Low childhood socioeconomic position (<16)->Self-rated health (47-69): RR=1.69
(1.17, 2.44)

Age; cognitive ability
(47-69).
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Appendix 2B The health questions in NCDS and BCS70 at age 42 — used for deriving self-reported outcomes for cross-cohort comparisons.

Health condition | Study Wording Response | Methodology

Asthma / NCDS Have you ever been told that you had asthma / bronchitis? Yes/ No CAPI (face-to-face)

bronchitis BCS70 | Since [*date of last interview / month four years prior to interview310] has [*"CM Age 42: CAPI (face-to-face)
Name] had any of the health problems listed on this card? Please include any health Age 38: telephone survey
problems that had already started before that date. (Asthma or wheezy bronchitis) Age 34: CAPI (face-to-face)
+ Age 38: Please look at show card C and tell me whether you are currently suffering Age 30: CAPI (face-to-face)
from any of the following health conditions. (Asthma or wheezy bronchitis)
+ Age 34 (also includes age 30): See above.

Migraine/ severe NCDS Have you ever been told that you had migraine or severe headaches associated with | Yes/ No CAPI (face-to-face)

headache vomiting or dizziness?

BCS70 Since ["date of last interview / month four years prior to interview310] has [*CM Age 42: CAPI (face-to-face)

Name] had any of the health problems listed on this card? Please include any health Age 38: telephone survey
problems that had already started before that date. (Migraine) Age 34: CAPI (face-to-face)
+ Age 38: Please look at show card C and tell me whether you are currently suffering Age 30: CAPI (face-to-face)
from any of the following health conditions. (Migraine)
+ Age 34 (also includes age 30): See above.

Fits, convulsions NCDS Have you ever had or been told you had fits, convulsions or epilepsy? Yes/ No CAPI (face-to-face)

or epilepsy BCS70 Since [date of last interview / month four years prior to interview310] has [*CM Age 42: CAPI (face-to-face)
Name] had any of the health problems listed on this card? Please include any health Age 38: telephone survey
problems that had already started before that date. (Convulsion, fit, epileptic seizure) Age 34: CAPI (face-to-face)
+ Age 38: Please look at show card C and tell me whether you are currently suffering Age 30: CAPI (face-to-face)
from any of the following health conditions. (Convulsion, fit, epileptic seizure)
+ Age 34 (also includes age 30): See above.

Cancer NCDS Have you ever had or been told you had cancer? Yes/ No CAPI (face-to-face)

BCS70 Since ["date of last interview / month four years prior to interview310] has [*"CM Age 42: CAPI (face-to-face)

Name] had any of the health problems listed on this card? Please include any health
problems that had already started before that date. (Cancer or Leukaemia)

+ Age 38: Please look at show card C and tell me whether you are currently suffering
from any of the following health conditions. (Cancer or Leukaemia)

+ Age 34 (also includes age 30): See above.

Age 38: telephone survey
Age 34: CAPI (face-to-face)
Age 30: CAPI (face-to-face)
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Appendix 2C Description of covariates.

Variable Type of variable Age Description
Year-of-birth Confounder/moderator 0O A binary variable (1958 vs 1970) — recorded at birth.
/exposures

Gender Confounder/moderator 0O A binary variable (men vs women) — recorded at birth; if information was missing
it was completed with records from age 10/11 and 42.

Gestational age Confounder 0 Gestational age measured in days since the start of last menstrual period was
recorded at birth and converted into completed weeks and used as a continuous
variable.

Smoking during Confounder 0 All variables are self-reported by the mother at birth, except for number of

pregnancy children in household (at five years old). Unmarried is only based on marital

Mothers’ height Confounder 0 status and includes cohabitation.

Mother’s unmarried at Confounder 0

birth

Parental divorce Confounder 0-16  In NCDS and BCS70, a number of variables which collected information on
change of circumstances since previous sweep and whether parental divorce
was the cause were collated across multiple sweeps in childhood and were
used to create the divorce variables. In both NCDS and BCS70, study members
were also asked in adulthood whether their parents divorced and what age they
divorced; if study members said that their parents divorced by the time they
were 16 years old.

Mother’s mental health Confounder 10 When the study members were age 10, their mothers were asked a series of

(BCS70 only)

questions which measured their own malaise using a 24-item Malaise inventory
(230). The 24 items were scored from 0 to 100 with O reflecting seldom or never
and 100 most of the time. The 24 items were added together to create a
continuous scale from 1 to 2154, with a higher score reflecting higher levels of
depression.
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Appendix 2C (cont.). Description of covariates.

Variable Type of variable Age Description

Tenure* Confounder 5-11 This variable captures whether the study member was in rented or owned
accommaodation in early childhood and at age 10/11. This variable does not distinguish
between accommodation rented privately and rented from the council.

Overcrowding* Confounder 5-11  Whether the study member experienced overcrowding in childhood, which is measured
as the number of persons per room. The measure is a median score of overcrowding
collected at different points between birth and age 11 in the NCDS, but in the BCS70
overcrowding was only collected at 5 years of age. For any cases in NCDS which were
missing data from one or more sweeps, the measure was derived using the sweeps
where data was available.

Teen mother* Confounder 0 Using the age of the mother when the study member was born. All those mothers
under the age of 20 were identified as a teen mother.

Breastfeeding* Confounder 5-7 Details on whether the study member was breastfed. The details were given by the
mother.

Parental interest in Confounder 10/11  Parental interest in schooling was reported by the child’s teacher at age 11 for the

child’s education* NCDS and at age 10 for the BCS70 (high interest vs moderate interest vs low interest).
The interest of the parent who was most interested in their child’s education was used
in NCDS and BCS70. If either parent in NCDS or BCS70 had missing data, then the
response of the parent which had data was used.

Length of time absent Confounder 10/11 Parents were asked how long the study member had been away from school due to ill

from school due to health in the past 12 months.

illness*

* The variable were harmonised across cohorts as part of CLOSER work package 2 (476).
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Appendix 2D Frequency and predictors of missing data in the outcome and the outcome itself.

Prevalence of

Predictors of missing

Predictors of

missing data data in multimorbidity multimorbidity

N=7,951 n (%) RR (CI95%) RR (CI95%)
Multimorbidity at age 46-48 3,793 (47.7) - -
Being a man 0 (0) 1.00 (0.95, 1.05) 1.25(1.14, 1.37)
Breastfed (never breastfed — reference) 1,172 (14.7) 0.93(0.88, 0.98) 0.93(0.84, 1.03)
Mother smoked during pregnancy (never smoked — reference) 44 (0.6) 1.06 (1.01, 1.11) 1.25(1.14, 1.37)
Mother’s birth marital status (non-married — reference) 8 (0.1) 0.92 (0.83, 1.01) 0.81 (0.67, 0.97)
Mother’s height 64 (0.8) 0.99 (0.99, 1.00) 0.99 (0.99, 1.00)
Mother’s age at birth 46 (0.6) 1.00 (0.99, 1.00) 0.99 (0.98, 1.00)
Birthweight 2 (0.03) 0.88 (0.84, 0.92) 0.91 (0.83, 1.00)
Father’s manual occupational class at birth (non-manual — reference) 546 (6.9) 1.16 (1.09, 1.23) 1.09 (0.97, 1.24)
BMI at age 10/11 1,935 (24.3) 1.03 (1.01, 1.04) 1.03 (1.01, 1.06)
Cognitive ability problems at age 10/11 1,751 (22.0) 0.86 (0.84, 0.88) 0.95 (0.90, 1.01)
Internalising problems at age 16 3,152 (39.6) 1.03 (1.00, 1.05) 1.04 (0.99, 1.09)
Externalising problems at age 16 3,152 (39.6) 1.05 (1.03, 1.07) 1.08 (1.04, 1.12)
Poor self-perceived general health at age 46-48 5(0.1) 1.40 (1.33, 1.47) 2.55 (2.34, 2.77)
Ever smoked cigarettes regularly (ever — reference) at age 46-48 0 (0) 0.96 (0.91, 1.02) 1.28 (1.17, 1.41)
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Appendix 2E Multimorbidity prevalence at age 46-48 based on different sample definition.

Sample definition

% prevalence

Participated at age 46-48 (n total=7,951; imputed n=3,793)*

Alive and not permanent emigrants at age 46-48 (n total=15,821; imputed
n=11,575)!

Complete cases only (n total=4,158)

Participated at age 46-48 and had no missing values on objectively measured
health outcomes (n total=4,963; imputed n=1,170)2

Participated at age 46-48 and had no missing values on self-reported health
outcomes (n total=6,368; imputed n=2,122)2

33.8 (32.6, 35.0)
35.9 (34.9, 37.0)

30.5 (29.1, 31.9)
32.8 (31.4, 34.2)

32.3 (31.1, 33.5)

150 imputations used.
220 imputations used.
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Appendix 2F The risk ratio and E-values for the association between each exposure and
multimorbidity at age 46-48 in the most adjusted models.

Risk Ratio (95%CI) E-value
(point estimate)

Father’s social class at birth (unskilled vs 1.43(1.18, 1.74) 2.21
professional)

Birthweight 0.90 (0.84, 0.96) 1.46
Cognitive ability (age 10) 0.91 (0.68, 1.00) 1.43
BMI (age 10) 1.03 (1.01, 1.05) 1.21
Internalising problems (age 16) 1.04 (1.00, 1.08) 1.24
Externalising problems (age 16) 1.06 (1.03, 1.09) 1.31

264



Appendix 3A The longitudinal examination of the measurement equivalence of the Malaise Inventory in the NCDS and BCS70

(adapted from Ploubidis, McElroy & Moreira, 2019).

*NCDS 23, 33, 42, 50 Configural
Scalar
*BCS70 26, 30, 34, 42, 46 Configural
Scalar
***NCDS & BCS70 23/26, 33/34, Configural
42
Scalar

Chi-square RMSEA CFI TLI ARMSEA ACFl  ATLI

(d.f.)

1500.343 (216) 0.033 (0.031 to 0.988  0.984
0.034

2482.153 (265) 0.039 (0.037 to 0.979 0977  0.006  0.009  0.007
0.040)

2169.417 (270) 0.039 (0.038 to 0.986  0.982
0.041)

2815.072 (333) 0.040 (0.039 to 0982 0981 0001  0.004  0.001
0.042)

2354.059 (324) 0.035 (0.033 to 0.986  0.981
0.036)

3774.957 (401) 0.040 (0.039 to 0.976 0974  0.005  0.010  0.007
0.041)

*Eight independent groups multigroup models (4 waves, gender)
**Ten independent groups multigroup models (5 waves, gender)
*** Twelve independent groups multigroup models (3 waves, 2 cohorts, gender)
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Appendix 3B Longitudinal examination of the measurement equivalence of seven harmonised items in the
NSHD (adapted from McElroy, Villadsen, Patalay et al., 2020).

Model N Chi-square (DF) RMSEA CFI TLI ARMSEA ACFI ATLI
Configural 13,886 544.328 (70) 0.049 0.979 0.968
Scalar* 1175.735 (94) 0.064 0.952 0.946 0.015 0.027 0.02
Partial Scalar*¥ 1173.975 (95) 0.064 0.952 0.947

*Latent variances fixed to 1
*Threshold for ‘tense’ freed
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Appendix 3C Longitudinal examination of the measurement equivalence of four harmonised items in
the NSHD, NCDS and BCS70 (adapted from McElroy, Villadsen, Patalay et al., 2020).

Model N Chi-square (DF) RMSEA CFI TLI ARMSEA ACFI ATLI
Configural 65,997 269.102 (18) 0.044 0.994 0.983

Scalar 4087.048 (66) 0.091 0.914 0.929 0.047 0.08 0.054
Partial Scalar* 1129.715 (58) 0.050 0.976 0.977 0.006 0.018 0.006
Partial Scalar 2** 444.496 (50) 0.033 0.991 0.990 0.011 0.003 0.007

*Threshold for ‘tense’ freed
**Thresholds for ‘tense’ and ‘fatigue’ freed
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Appendix 3D Age profile of psychological distress in the NSHD, NCDS and BCS70—
estimates from multilevel logit regression based on the binary outcome.

NSHD

NCDS

BCS70

Coef. (95%CI)

Coef. (95%CI)

Coef. (95%CI)

Intercept -20.25 (-22.86, -17.65) 13.76 (9.99, 17.53) 14.43 (7.50, 21.36)
Intercept variance  7.43 (6.43, 8.59) 5.60 (5.06, 6.20) 5.70 (5.23, 6.21)
Age 0.55 (0.45, 0.64) -1.73 (-2.06, -1.39) -1.60 (-2.20, -1.00)
Age? -0.00 (-0.01, -0.00) 0.05 (0.04, 0.06) 0.04 (0.03, 0.06)
Age® -0.00 (-0.00, -0.00) -0.00 (-0.00, -0.00)
Woman (vs man) 1.12 (0.91, 1.33) 1.20 (1.07, 1.34) 0.73 (0.61, 0.85)
Observations 12,229 41,177 41,466
Participants 3,093 13,250 12,019

AIC 16176.28 24799.77 31684.08

BIC 16213.33 24851.53 31735.87

Note. AIC = Akaike information criterion; BIC = Bayesian information criterion.
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Appendix 3E Age profile of psychological distress in the NSHD, NCDS and BCS70—
estimates from multilevel Poisson regression based on the continuous outcome.

NSHD

NCDS

BCS70

Coef. (95%Cl)

Coef. (95%CI)

Coef. (95%Cl)

Intercept
Intercept variance
Age

Age?

Age®

Woman (vs man)

-5.28 (-6.16, -4.40)
2.17 (1.99, 2.37)
0.16 (0.13, 0.20)
-0.00 (-0.00, -0.00)

1.78 (1.59, 2.00)

9.72 (8.90, 10.55)
0.97 (0.93, 1.00)
-0.97 (-1.04, -0.90)
0.03 (0.03, 0.03)
-0.00 (-0.00, -0.00)
0.59 (0.55, 0.64)

1.41 (1.09, 1.84)
0.78 (0.75, 0.81)
-0.96 (-1.08, -0.83)
0.03 (0.02, 0.03)
-0.00 (-0.00, -0.00)
0.37 (0.33, 0.41)

Observations

12,229

41,177

41,466

Participants 3,093 13,250 12,019
AIC 55055.44 119340.8 135142.5
BIC 55085.08 119392.6 135194.3

Note. AIC = Akaike information criterion; BIC = Bayesian information criterion.
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Appendix 3F Gender-stratified age profile of psychological distress in the NSHD
(1946 cohort), NCDS (1958 cohort) and BCS70 (1970 cohort)—estimates from
multilevel logit regression based on the binary outcome.
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Appendix 3G Gender-stratified age profile of psychological distress in the NSHD
(1946 cohort), NCDS (1958 cohort) and BCS70 (1970 cohort)—estimates from
multilevel Poisson regression based on the continuous outcome.
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Appendix 4A Predictors of being excluded due to death or emigration.

Died or emigrated before 1994 Died or emigrated in 1994-2008
Odds ratio (Cl195%)* Odds ratio (Cl195%)**
Women (vs men) 0.62 (0.58, 0.66) 0.66 (0.60, 0.73)
Parental SEP (high — reference)
Medium 1.64 (1.48, 1.81) 4.04 (3.49, 4.69)
Low 2.61 (2.08, 2.46) 6.67 (5.91, 7.68)
Hospitalised in 1989-1993 3.79 (3.55, 4.06)

*Estimates from logit model: n=32,448-32,767. This sample includes individuals who did not contribute any
data to the analyses.

**Estimates from multilevel logit model: n=28,238-28,448 (observations: n=112,952-113,792). This sample
includes only individuals who contributed to at least one observation period.
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Appendix 4B Conditions comprising the outcome variable and corresponding ICD10/9 codes.

Condition ICD-10 ICD-9

Depression(477) F20.4, F31.3, F31.4, F31.5, 296.2, 296.3, 296.5, 300.4,
F32, F33, F34.1, F41.2, F43.2 309, 311

Asthma(478) J45 493

Stroke or transient ischemic
attack(479)

Chronic kidney diseases(480)

Chronic liver disease(481)

Chronic obstructive pulmonary
disease(482)

Dementia(477)

Diabetes(483)

Heart failure (congestive heart
failure; left ventricular failure;
unspecified heart failure)(484)
Cancer(477, 485))

Hypertension(486)

Coronary heart disease(484)
Migraine(487)

Parkinson’s disease(488)
Rheumatoid arthritis(477)

Schizophrenia or
schizoaffective disorder(489)

G45.0, G45.1, G45.2, G45.3,
G45.8, G45.9, H34.1, 160, 161,
163, 164

NO1, NO2, NO3, NO4, NO5,
NO6, NO7, NO8, N10, N11,
N12, N13, N14, N15, N16,
N17, N18, N19, N20, N21,
N22, N23

K70.0, K70.2, K73.X, K754,
K758, K75.9, K76.0, B18.0,
B18.1, B18.2, B18.8, B18.9

J40, J43.0, J43.1, J43.2, J43.8,
J43.9, J44, J44.0, J44.1, J44.8,
J44.9

FO0O0, FO1, FO2, FO3, FO51,
G30, G31

E10-E14

150

C18, C19, C20, C21, C33,
C34, C38.4, C45.0, C46.71,
C50, C53, C61, C77, C78,
C79, C80, C81, C82, C83,
C84, C85, C88, C90.0, C90.2,
C96, D05, D06, D01.0, D0O1.3,
D02.2, DO7.5

110-115

120-125

G43

G20-G22

MO05, M06, M31.5, M32, M33,
M34, M35.1, M35.3, M36.0

F20, F21, F25

362.3, 430, 431, 433.x1,
434.x1, 435, 436

583, 584, 585, 586, 592, 593.9

070.2X, 070.3X, 070.4X,
070.5X, 070.6, 070.9, 571.0,
571.3, 571.4X, 571.8, 573.1,
573.3

492, 492.0, 492.8, 496.x

290, 294.1, 331.2

250
428

153, 154, 162, 163, 174, 180,
185, 196, 197, 198, 199, 200,
201, 202, 203.0, 230.3, 230.4,
230.5, 230.6, 231.2, 233.0,
233.1, 233.4, 238.6

401-405

410-414

346

332

446.5, 710.0, 710.1, 710.2,
710.3,710.4, 714.0, 714.1,
714.2,714.8, 725

295
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Appendix 4C Visualization of the data structure.
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Appendix 4D Visualization of the hierarchical data structure.

Birth cohort Level 3
1915-1919

Individual 2 Level 2

Individual 1
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Appendix 4E Odds ratio with confidence intervals for the association between the exposures and hospitalisation. The most

parsimonious models presented — with significant covariates only (at p<0.05).

Education

Income

SEP

Fixed effects
Intercept
Age

Year-of-birth (YoB)

Women (vs men)
Parental SEP?
Medium

Low

Parental education®

Medium

Low

Parental income¢
Random effects

Level 2: individual (intercept)
Level 3: family (intercept)

Model fit
DIC
Observations

0.01 (0.01, 0.01)
1.13 (1.12, 1.14)
1.02 (1.01, 1.03)
0.88 (0.80, 0.96)

1.21 (1.03, 1.41)
1.41 (1.21, 1.62)

3.39 (3.16, 3.65)

0.0002 (0.0001, 0.0004)

27767.82
75,342

0.02 (0.01, 0.02)
1.13 (1.12, 1.14)
1.02 (1.01, 1.03)
0.88 (0.80, 0.97)

0.90 (0.85, 0.95)

3.39 (3.13, 3.66)

0.0004 (0.0002, 0.0007)

27705.63
75,090

0.01 (0.01, 0.02)
1.13 (1.12, 1.14)
1.02 (1.01, 1.03)
0.88 (0.80, 0.96)

1.11 (0.99, 1.27)
1.24 (1.11, 1.39)

3.29 (3.05, 3.60)
0.06 (0.04, 0.08)

27783.06
75,342

aSocioeconomic position (SEP) was defined in the same way as in the main analysis.

bA categorical variable (0 = High, 1 = Medium, 2 = Low), with categories grouped as: low (compulsory schooling),

intermediate (upper-secondary schooling) and high (any postsecondary education). Parental education was measured as the
highest lifetime education of either parent from Census and Education register in 1960-2008.

¢A continuous individual disposable income standardised by age and gender in each calendar year (obtained from LOUISE
and LISA registers 1990-2008 and Census 1970-1990) and then averaged across all available calendar years and both
parents, when the parents were aged 25-65 and was obtained from Censuses 1970 and 1990 and from the LISA 1990-2008.
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Appendix 4F Relative difference between children and parents (a reference group) in odds
of hospitalisation due to individual conditions/group of conditions.

Depression ——
Asthma- @
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Cerebrovascular disease
Chronic kidney diseases L—
Chronic obstructive pulmonary disease - 1

Diabetes

Heart failure
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Hypertension

Ischemic heart disease-| @
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Rheumatoid arthritis

Repeated hospitalisation

T T I
O S & &
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Appendix 4G Relative difference between low and medium/high SES (a reference group) in
odds of hospitalisation due to individual conditions/group of conditions across both

generations.
Depression —
Asthma - —=
Cerebrovascular disease S =
Chronic kidney diseases -
Chronic obstructive pulmonary disease E——
Diabetes -
Heart failure - =
Cancer ot
Hypertension - k=
Ischemic heart disease D
Rheumatoid arthritis —
Repeated hospitalisation o
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