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Abstract

We systematically reviewed the evidence on secular trends in main chronic conditions, dis-
ability and self-assessed general health among adults in the United Kingdom, as reported in
primary/secondary care databases and population-based surveys. Searches were con-
ducted separately for: (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. The databases searched were MEDLINE, EMBASE/EMBASE Classic and
Web of Science (all from 1946/7). The evidence was synthesised narratively. There were 39
studies reporting trends in prevalence of health conditions and 15 studies in health expec-
tancy. We did not find 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 and other dementias. 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 condition(s). The
evidence on disability—expressed as prevalence or health expectancy—was mixed, but
also appeared to support the expansion of morbidity among those aged 65 or over. The evi-
dence on trends in disability for younger age is lacking. Across the studied period (1946—
2017), the UK population endured more years with chronic morbidity and disability, which
may place a serious strain on the health care system, the economy and the society.

Introduction

The period following World War II saw dramatically increasing life expectancy at birth in the
United Kingdom, from 66.3 years in 1946 to 82.0 in 2015.[1] This was primarily due to rising
longevity among older adults, with 65 year olds in 2014 having a further life expectancy of 19.7
years compared with 13 years in 1951.[1] It has to be noted, however, that despite continuous
increase in life expectancy, the current improvements are not as optimistic as they were, partic-
ularly among the older population.[2] It is unclear how population health has evolved along
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with increasing life expectancy, for example, whether these additional years of life have been
spent in good health. This issue needs to be addressed to inform public policy, for instance, to
determine if older people have the capacity to remain in employment for additional years.[3]

To date, three main theories have been proposed to explain population health change:
expansion of morbidity, compression of morbidity and dynamic equilibrium (Table 1). In our
review, we considered two sources of evidence, which have been rarely interpreted simulta-
neously in the context of the theories: trends in age-standardised or age-specific prevalence
rates as well as in health expectancy and total life expectancy. The most pessimistic scenario,
the expansion of morbidity theory, alludes that gains in unhealthy years are greater than those
in healthy ones.[4] Hence, due to rising life expectancy, stable or rising trends in age-specific
prevalence rates would lead to expansion. The most optimistic theory—compression of mor-
bidity—states that health expectancy is rising faster than total life expectancy; meaning that
age-specific prevalence of morbidity is declining over time.[4] The third theory, dynamic equi-
librium, proposes that there is an overall increase in prevalence and years of morbidity, which,
however, has a mildly disabling effect.[5] Dynamic equilibrium would also occur when mor-
bidity neither expands nor compresses as both mortality and morbidity are postponed by an
equal number of years (see Table 1).[5] Interpreting evidence from the perspective of these the-
ories helps to emphasise the necessity to improve population health to compensate the conse-
quences of increasing lifespan. Hence, only reduction in morbidity over time can be
considered as a positive scenario for public health.

The above theories have been developed around morbidity defined as disability associated
with chronic conditions.[6] Hence, health expectancies are typically estimated based on a self-
rated general health or an indicator if one suffers from longstanding illness or disability. This
provides a limited picture of overall trends in health. Studying parallel trends of all aspects of
population health change, including disability or specific chronic conditions, would lead to
more precise policy recommendations, and support the design and monitoring of interven-
tions.[7] For instance, costs of chronic conditions to the 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.[6] Other health measures,
such as self-reported general health, has been demonstrated to be a strong predictor of mortal-
ity and disability, even while controlling for a range of objective health measures. [8, 9] This
measure may capture a multifaceted nature of health—including morbidity as well as health
awareness and expectations.[8, 9] Moreover, considering simultaneous trends in various mea-
sures of morbidity is essential for understanding the needs for care resources. For instance,
increasing burden of chronic diseases would imply greater need for medical care, whereas ris-
ing limitations in activities (e.g. in walking or lifting) indicates a growing demand for rehabili-
tation, assistive technology and social services related to personal assistance as well as for a
better adapted environment.[10] Hence, we refer to morbidity as an umbrella term for chronic

Table 1. Interpretation of findings in the context of the main population health change theories in the present

study.

Study findings Interpretation

« Decrease in age-specific/age-adjusted prevalence of morbidity Compression of

+ Greater increase in health expectancy than in total life expectancy ... morbidity
« Increase or no change in age-specific/age-adjusted prevalence of morbidity Expansion of morbidity

« Greater increase in total life expectancy than in health expectancy

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

https://doi.org/10.1371/journal.pone.0218991.t001
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conditions, disability, self-perceived poor health as well as other health measures commonly
used to estimate health 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 and disability. 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 long-term disability.[11] The sec-
ond review was also limited to older population and period between 1991 and 2011, but did
not make any geographical restrictions. 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. Other European studies
investigating trends in the last three decades have found evidence for all three scenarios: com-
pression in fair or poor self-perceived health[12, 13] and disability,[14] expansion of morbidity
due to chronic diseases, moderate mobility limitation[15] and mild disability.[16, 17] Available
non-systematic reviews of the evidence in the UK tend to emphasise the inconclusive and scat-
tered nature of the evidence.[18, 19] The Global Burden of Disease Study (GBD), using a vast
array of data sources from both published literature and primary analyses in the UK popula-
tion, produced evidence supporting expansion of morbidity theory.[20, 21] It concluded that
people spent more years in poor health in 2010 compared with 1990, as the increase in the
number of years in good health was smaller than the rise in life expectancy at birth.[20] 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).[13] Nonethe-
less, the GBD study included information on trends only from 1990 and provided little evi-
dence on health outcomes other than chronic conditions, such as self-rated general health or
disability.

Hence, we aimed to systematically review the evidence on trends in multiple health out-
comes—expressed as prevalence rates and health expectancy—including main chronic condi-
tions as well as disability, and self-reported general health among adults in the UK during the
period of 1946-2017. This would provide a more holistic picture of population health trends
in the UK and further our understanding of the inconsistencies in the evidence. We 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 population presented to health services. Whereas, population-based
surveys may mitigate this bias by studying the same, pre-defined population. On the other
hand, population-based surveys are likely to report sporadic points in time, compared to rou-
tinely collected data that have information year-by-year. Triangulation of information from
these sources allowed for attaining a more reliable evidence on the population health trends.
[22] Our 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.

Methods

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-stan-
dardised 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 a specific health measure due to an overall small number of studies
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estimating health expectancy. In addition, studies of trends in incidence were retrieved as a
secondary outcome. They, however, did not provide direct evidence on the theories of popula-
tion health change but may help to explain current, and predict future, trends in prevalence
(see S1 File for a brief summary of the evidence on incidence). In the current study, we defined
morbidity as (1) chronic morbidity (i.e. a persistent condition or otherwise long-lasting in its
effects), (2) disability, (3) self-reported poor health. We also included studies using a question
on limiting longstanding illness or disability, typically used in health expectancy estimates.
The review focused on major contributors to chronic morbidity, hence included conditions
must have accounted for at least 1 per cent of disability-adjusted years of life (DALYs) in the
UK from non-communicable diseases according to the Global Burden of Diseases Study 2010
(GBD) (coronary heart disease, stroke, chronic obstructive pulmonary disease, asthma, diabe-
tes, Alzheimer's disease migraine, cirrhosis, musculoskeletal pain).[17] Colorectal and breast
cancer as well as osteoarthritis were also included, however studies of trends in prevalence
have not been found. The 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).[7] We also
included indicators of activities of daily living (ADLs), often considered as sever disability (e.g.
difficulties with bathing), and instrumental activities of daily living (IADLs), an indicator of
mild disability (e.g. difficulties with shopping).[7]

Measures of self-reported general health were also included as they have been found partic-
ularly useful for population health monitoring due to being highly predictive of mortality and
use of health services.[23] To meet the inclusion criteria, studies: (1) drew on population-
based probability samples (having longitudinal or cross-sectional design) or primary/second-
ary care databases and other routinely collected data, (2) were conducted in the UK, (3) were
published in English. Studies providing estimates of incidence/prevalence at a single point in
time were excluded.

Separate searches for health expectancy and incidence/prevalence studies were conducted
by the main author (DG) (example in Table 2). In addition, reference lists of all included stud-
ies, Google Scholar and OpenGrey Repository were screened to identify any other eligible
studies. The study protocol was registered with the International Prospective Register of Sys-
tematic Reviews (PROSPERO) (registration number: CRD42017069291).

Table 2. The search strategy in OvidSP (including EMBASE AND MEDLINE).

Concept

Examples of key words

Concept

Examples of key words

Searched fields
Limits applied

Truncation command
used

Search structure for studies capturing trends in the prevalence/incidence

Trends AND | Health indicators AND | Study design
change in incidence OR change in prevalence OR self-rated health OR SRH cohort* OR prospective OR
trends in incidence OR stroke retrospective OR panel

Search structure for studies capturing trends in the health expectancy
Trends AND Health expectancy

increase* OR rise* OR gain* OR difference* health* life expectanc* OR health expectancy
OR active life expectanc*

abstracts, key words, titles, text word, keyword heading word
13+; English only; Article only, human only, removed duplicates

’root word*’: captures alternative word endings

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.

https://doi.org/10.1371/journal.pone.0218991.t002
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Data collection

Titles and abstracts were screened independently by two reviewers (DG & KN) according to
exclusion/inclusion criteria. Full texts were retrieved for all citations that were included by
either reviewer. The eligibility of all full texts was also assessed by two reviewers (DG & KN).
Any disagreements were resolved by discussion. The key information was extracted from all
publications (available upon request) by the first author (DG). In addition, the information
from 20 per cent of all the publications was extracted by the second reviewer (KN) to ensure
reliability and discrepancies were resolved by discussion.

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 (see S2 File).[24]
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 poten-
tial 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 pro-
grammes. 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 cri-

terion was considered of low quality. Tables 3-9 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 S3 File.

Table 3. The characteristics of evidence on prevalence of each health outcome, with the emphasis on size, consistency and quality.

Health outcome and Period Age Conclusion & consistency of findings on trends | Overall quality of evidence T

data source (range)

(n studies)t

Coronary heart disease | 1955-6- All Expansion for the entire period (mixed findings High

(n=6): 2013-4 on trends: stable or increasing prevalence) + representative of the population;

QOF (n=1)[53] + low risk of bias related to outcome assessment, combination
HSE/S (n = 2)[25, 53] of both self-reports and linkage of medical records;

GLS/GHS (n = 1)[53] + highly comparable methodology over time;

National Morbidity = lack of strong evidence on other biases

Survey (n = 1)[25]

BRHS (n = 1)[30]

CMR (n = 1)[40]

THIN (n = 1)[39]

MRCCRAS(n=1042] | |l
Stroke (n = 4): 1970-1- All Expansion for the entire period (mixed findings High

QOF (n = 1)[53] 2013-4 on trends: stable or increasing prevalence) + representative of the population;

HSE/S (n = 2)[25, 53]
GLS/GHS (n = 1)[53]
National Morbidity
Survey (n = 1)[25]
MRC CFAS (n = 1)[42]
GPRD (n = 1)[43]

+ Some studies included more than one data source.

+ 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

1 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

https://doi.org/10.1371/journal.pone.0218991.t003
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Table 4. The characteristics of evidence on prevalence of each health outcome, with the emphasis on size, consistency and quality (cont.).

Health outcome and | Period |Age Conclusion & consistency of results Overall quality of evidence T ¥
data source (range)
(n studies)t
Lung cancer (n=1): |2004- |All Expansion for the entire period High
THIN (n = 1)[59] 2012 (consistent findings on trends: increase in | + representative of the population;
prevalence) + low risk of bias related to outcome assessment, based on linkage of

medical records;
+ highly comparable methodology;
= lack of strong evidence on other biases

COPD (n =2): 1990- | All Expansion for the entire period Low

QRESEARCH (n=1) | 2005 (consistent findings on trends: increase in | + representative of the population;

[58] prevalence) + low risk of bias related to outcome assessment, linkage of medical records;
GPRD (n = 1)[55] 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 period Low

QRESEARCH (n=1) | 2005 (consistent findings on trends: increase in | + representative of the population;

[57] prevalence) + low risk of bias related to outcome assessment, based on linkage of
GPRD (n =1)[56] medical records; however spirometry data not available for checking
BHPS (n = 1) [46] 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

+ Some studies included more than one data source.

tt 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

https://doi.org/10.1371/journal.pone.0218991.t1004

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. 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 comparability of methodology over time. The evi-
dence is summarised narratively, and trends estimates are provided throughout the study from
the data sources of 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 estimates. A majority of the studies provided age-standardised estimates for entire
adult population (‘All’ in Age column of Tables 3-9) or older individuals (65-year-old or
older)-hence reporting of the results is focused on those two age groups.

Results
Study selection

Our literature searches identified 6141 citations examining trends in prevalence and incidence
and 2186 for trends in health expectancy (see Fig 1). After removing duplicates and studies
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Table 5. The characteristics of evidence on prevalence of each health outcome, with the emphasis on size, consistency and quality (cont.).

Health outcome and Period |Age
data source (range)
(n studies)t

Alzheimer's disease/other | 1989- 50+
dementias (n = 2): 2013

MRC CFAS (n=1)[61]

ELSA (n =1)[60]

Migraine (n = 1) 1991- All
BHPS (n = 1)[46] 1998

Low back pain (n = 2): 1956 18-64
Arthritis Research -1997-8

Campaign (n = 1)[26]
Randomly selected from
lists of GPs (n = 1)[27]

Conclusion & consistency of results

Overall quality of evidence T ¥

Compression for the entire period (consistent findings on trends:
decrease in prevalence)

High

+ representative of older population;

+ low risk of bias related to outcome
assessment, based on cognitive assessment;
+ highly comparable methodology over
time;

= possible non-response bias, however, it
was addressed by sensitivity analyses

= lack of strong evidence on other biases

Expansion (increase in prevalence)

Low

+ 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

Expansion for the entire period (consistent findings: increase in
prevalence of less disabling back pain, no difference in prevalence of
more disabling back pain)

Low—representativeness limited to the
northwest region of England;

- 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

+ Some studies included more than one data source.

1 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

https://doi.org/10.1371/journal.pone.0218991.t005

conducted outside of the UK, the initial screening of titles 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 inel-
igibility of the outcome. Twenty papers reported incidence trends exclusively and were
excluded at this stage. After inclusion of papers from other sources (see Fig 1), the total sample
included 39 studies reporting trends in chronic morbidity and 15 in health expectancy.

Period 1950s — 1990s

The trends in prevalence of chronic morbidity clearly support the expansion of morbidity sce-
nario for the period of 1970s-1990s, across all ages and sexes. There was evidence pointing
towards expansion in coronary heart diseases occurring from as early as 1950s (see Tables 3-
7). Similarly, the evidence consistently points towards expansion in limiting longstanding
morbidity (including illness or disability), self-reported general health at birth and among
older people for the period of 1970s-1990s, and of more severe disability (with stable preva-
lence trends) between early 1980s and mid-1990s (see Tables 3-9). However, there is some evi-
dence that more severe disability may have declined among the oldest participants (75 or
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Table 6. The characteristics of evidence on prevalence of each health outcome, with the emphasis on size, consistency and quality (cont.).

Health outcome and data Period |Age Conclusion & consistency of results | Overall quality of evidence T T

source (range)

(n studies)t

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

MRC CFAS (n = 1)[42] 1984 (consistent findings on trends: + representative of the population;

DIN (n = 1)[49] 2013 increase in prevalence) + low risk of bias related to outcome assessment, combination of both
DARTS (n = 1)[44] self-reports and linkage of medical records;

Routine hospital data (Cardift/ + highly comparable methodology over time;

Vale of Glamorgan) (n = 1)[50] = lowered criteria for diagnosis of diabetes by fasting plasma glucose
Hospital diabetes register values from >7.8 to 7.0 mmol/l in 2000, however, the rate of increase
(n=1)[28] in incidence is similar before and after 1999;

THIN (n = 2)[45, 54] = possible ascertainment bias due to, introduction of incentives for
GPRD (n =1)[51] general practitioners to better detect cases (the Quality and Outcomes
HSE/S (n = 6)[47, 48, 52, 71] Framework in 2004), however sensitivity analyses showed little impact
BRHS (n = 1)[29] and the increase too large to be explained solely by ascertainment bias
GLS(m=1M8] b

Cirrhosis (n = 1): 1992- 25+ Expansion (increase in prevalence) Moderate

GPRD (n=1)[72] 2001 + 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 otherbiases

Self-rated general health 1981- | 75+ Expansion (increase in prevalence) Low

(n=2): 2008 + representative of the population;

BHPS (n = 1)[46] = no detailed information on the outcome assessment;

General practices in = no information on comparability of the methodology over time
Leicestershire (n = 1)[37] = lack of evidence on other biases

+ Some studies included more than one data source.

1 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

5

= risk of bias

>

=’ = no information on risk of bias

https://doi.org/10.1371/journal.pone.0218991.t006

Table 7. The characteristics of evidence on prevalence of each health outcome, with the emphasis on size, consistency and quality (cont.).

Health outcome and data source Period |Age Conclusion & consistency of results Overall quality of evidence T

(n studies)t (range)

Disability (n = 7): 1979- 50+ Expansion 1979-1994 (consistent findings on High

MRC CFAS (n = 1)[42] 2012 trends: stable prevalence) + representative of the population;

ELSA (n =1)[69] Expansion 1994-2012 (mixed findings on trends) | + low risk of bias related to outcome assessment,
General practices in Gloucestershire based on self-reports;

(n=1)[68] + highly comparable methodology over time;
General practices in Leicestershire = lack of evidence on other biases

(n=1)[36]

GHS (n =2)[31, 48]
Family Resource Survey (n = 1)[65]
HSE (n = 2)[48, 73]

+ 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

https://doi.org/10.1371/journal.pone.0218991.t1007
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Table 8. The characteristics of evidence on health expectancy, with the emphasis on size, consistency and quality.

Conclusion & consistency of results

At birth: Expansion 1976-1995; expansion for 2001-
2014 (consistent)
Age 65/85: Expansion for the entire period (consistent)

Overall quality of evidence 1 ¥

High

+ representative of the population (includes
institutionalised population);

+ low risk of bias related to outcome assessment;
+ consistent methodology over time;

= lack of evidence on other biases.

At birth/15: Expansion 1981-1999 (consistent);
expansion for 2000-2011 (inconsistent)
Age 65/85: Expansion for the entire period (consistent)

High

+ representative of the population (includes
institutionalised population);

+ low risk of bias related to outcome assessment;
+ consistent methodology over time;

= lack of evidence on other biases.

Health outcome and data source |Period |Age

(n studies) (range)
Limiting long-standing illness or | 1976- All
disability (n = 10): 2014

GHS/GLS (n = 7)[32-35, 41, 62,

63]

UK Census (n = 2)[64, 66]

MRC CFAS (n = 1)[67]

Self-rated general health (n = 6): | 1981- 0, 15, 65,
HSE (n = 1)[38] 2014 85
MRC CFAS (n = 1)[67]

GHS/GLS (n = 4)[33, 41, 62, 74]

Disability (n = 2): 1985- 65+
GHS/GLS (n = 1)[32] 2011

MRC CFAS (n =1)[67]

t Some studies included more than one data source.

1980-1994: Compression among 75-year-old or older
1991-2011: Expansion

High

+ representative of the population (includes
institutionalised population);

+ low risk of bias related to outcome assessment;
+ consistent methodology over time;

= lack of evidence on other biases.

+1 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

https://doi.org/10.1371/journal.pone.0218991.t008

older) between early 1980s and mid-1990s, supporting compression of morbidity for that
period (see Tables 3-9).
Chronic morbidity. All included studies for this period reported trends in prevalence
rates, rather than in health expectancy. Studied chronic conditions were coronary heart dis-
ease, 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.g. it increased by 128%
for the period of 1972-1992) and of stroke between 1971 and 1991 in all age and sex groups
(increased by 40%).[25] The overall trends in the prevalence of myocardial infarction were
inconsistent: prevalence rates increased slightly between 1971 and 1981 (by 15%) and subse-
quently fell between 1981 and 1991 (by 31%).[25] One study also reported higher point preva-
lence of self-reported musculoskeletal pain (e.g. cervical, dorsal) in 1994-95 compared with
1956-58.[26] However, population representativeness of the study was limited to a small
north-eastern region of England and the measure of musculoskeletal pain as well as demo-
graphic characteristics somewhat varied between the surveys.[26] In another study—represen-
tative for the population and with identical methodology over time—sex- 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).[27] 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.[27] The increase in age- and sex-standardised prevalence was also
seen in diabetes between 1978 and 1996 in two large surveys conducted in primary care prac-
tices.[28, 29] According to the British Regional Heart Study, which is a representative cohort
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Table 9. The characteristics of evidence on health expectancy, with the emphasis on size, consistency and quality (cont.).

Health outcome and data | Period Age Conclusion & consistency of results Overall quality of evidence T ¥

source (range)

(n studies)t

Measures of cognition 1991- 65+ Compression of morbidity for females and High

(n=1): 2011 expansion for males + representative of the population (includes institutionalised
MRC CFAS (n = 1)1 population);

+ low risk of bias related to outcome assessment, based on
cognitive assessment;
+ consistent methodology over time;

| =lackofevidence on otherbiases.

Summary health variable | 1991- 20-80 Expansion of morbidity for all ages Low

(n=1): 1998 + representative of the population;

BHPS (n = 1)[’“‘] = no detailed information on the outcome assessment;
= no information on comparability of the methodology over
time;

Other health outcomes 1991- 25-64 Expansion of morbidity for all ages High

(n=1): 2014 + representative of the population (includes institutionalised

HSE (n = 1)) population);

+ low risk of bias related to outcome assessment, based on
cognitive assessment;
+ consistent methodology over time;
= lack of evidence on other biases.
t Some studies included more than one data source.
1 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

https://doi.org/10.1371/journal.pone.0218991.t009

of 7722 British males aged 40-59, the annual age-adjusted rate of diabetes rose by 4.3% (0.4%,
8.2%) in the period 1978-1985 and 5.5% (3.0%, 8.1%) in 1985-1992.[29] In the same study,
lifetime prevalence of coronary heart disease stayed stable in the period 1978-1985 and
increased (annual % change in odds: 1.9%, 0.5% to 3.3%) in 1985-1992.[30]

Limiting longstanding morbidity. The proportion of older individuals (age 60-89)
reporting a limiting longstanding illness, disability or infirmity in the General Household Sur-
vey increased from late-1970s until late 1980s, and tailed off in the 1990s —averaging at 42%.
[31] Due to rising life expectancy, this resulted in an increase of over three years in life-time
expectancy with limiting long-term ill-health.[32] Greater increase in life expectancy than the
total number of years without a limiting long-standing illness or disability was also seen in
other studies for overlapping period, both at birth and at age 65 or over.[33-35]

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.[31, 32] However, there was evidence for reductions in disability
among participants 85 years old or older, particularly among males.[31, 32] For instance, 18%
of males reported one or more ADLs in 1994 compared with 31% in 1980.[32] The increase in
health expectancy was comparable with the total life expectancy—hence overall number of
years expected to be lived with disability remained stable.[32] A repeated cross-sectional sur-
vey including only 75 years old or older population of Melton Mowbray (Leicestershire, UK),

PLOS ONE | https://doi.org/10.1371/journal.pone.0218991 July 3, 2019 10/23


https://doi.org/10.1371/journal.pone.0218991.t009
https://doi.org/10.1371/journal.pone.0218991

@ PLOS|ONE

Post-war (1946-2017) population health change in the UK

\ Trends in incidence/prevalence )

\ Trends in health expectancy )

|

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

A4

Excluded due to:

- non-adult population (n=51)

- not outcome of interest (n=662)

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

- ineligible study type (n=18)

- ineligible population (n=16)

Full-texts assessment (n=65)

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)

Results of database search (n=6141)

Screening titles/abstracts (n=823)

|

Results of database search (n=2186)

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

Screening titles/abstracts (n=546)

Excluded due to:

- non-adult population (n=11)

- not outcome of interest (n=346)

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

- ineligible study type (n=78)

- ineligible population (n=3)

Sources of additional studies:

- Google Scholar (n=10)

- references of included studies (n=14)
- from other reviews (n=2)

Sources of additional studies:
- Google Scholar (n=6)

- from experts (n=1)

Full-texts assessment (n=56)

Excluded due to:

- not outcome of interest (n=14)

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

- ineligible study type (n=13)

- duplicates (n=11)

- full text not available (n=1)

Final sample* Final sample*

Trends in prevalence (n=39) Trends in health expectancy (n=15)

Fig 1. Flow chart for selection of papers and sources included in the review. *One study reported both prevalence and health expectancy.

https://doi.org/10.1371/journal.pone.0218991.9001

also found decrease in age-adjusted prevalence of most ADLs (i.e. getting in and out of bed/a
chair, dressing, getting to and from the toilet, bathing) between 1981 and 1988.[36] However,
the study may be not representative for the UK population.

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.[33] 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).[37] The estimates were also robust to effects of migration over time.[37]
Similar results were found for the period of 1981-1995 for health expectancy at birth, when
the expected number of years lived in poor health increased by 1.3 years,[33] and for 1994-
1999 among individuals aged 15 —with the increase by 0.9 years.[38]

Period 1990s - 2010s

The trends in chronic morbidity consistently pointed towards expansion of morbidity across
ages with rising prevalence in all studied conditions except for dementias, especially Alzhei-
mer’s disease (decreasing trend in prevalence in 1990-2010) and coronary heart disease (stable
in 2000-2010) (see Tables 3-7 and Fig 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-year-old or older), however there was a considerable
inconsistency in the evidence with trends varying depending on specific measures used. Stud-
ies on disability trends among younger population were lacking. There was a clear trend for
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Fig 2. Summary of the evidence for the period (1990-2010), for those aged 16-64 (Panel A) and 65 or older (Panel B). Each bar indicates compression/dynamic
equilibrium/expansion of morbidity in a given health condition for either males or females. Darker shades represent high confidence in findings, with evidence being
consistent and of high quality (see Tables 3-9). Lighter shades represent inconsistent evidence or of low quality.

https://doi.org/10.1371/journal.pone.0218991.9002

expansion of morbidity in self-reported general health for the entire period and across all ages
and sexes. Finally, we found compression of morbidity for cognitive impairment among
females (but expansion among males).

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, cir-
rhosis, 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 males in the period 1992-1996 (annual % change in odds: -1.4%, -3.0% to 0.2%).[30]
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 sexes for: coronary heart
diseases,[25, 39-41] stroke[25, 41-43] and diabetes.[28, 29, 44-52] Based on large primary
care databases—the Health Improvement Network (THIN) and the General Practice Research
Database (GPRD)—average percentage change in age-standardized prevalence of coronary
heart disease increased by 1.5% for the period 1996-2005;[39] unstandardised stroke preva-
lence increased by 13%, from 6.40/1000 in 1999 to 7.20/1000 in 2008;[43] and crude prevalence
of diabetes prevalence increased from 2.8% in 1996 to 4.3% in 2005 (age- and sex-standardisa-
tion did not make a substantial difference).[45]

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; THIN)
and population-representative annual cross-sectional surveys (the National Health Surveys
and the General Household Survey), concluded that the prevalence of coronary heart disease
remained largely stable,[25, 30, 39, 40, 53] whereas rates of stroke[53] and diabetes[54]
increased (respectively by 13% and 123% in relative terms).

Similarly, high-quality evidence, based both on primary/secondary databases and popula-
tion-based surveys, indicated an increase in prevalence of chronic respiratory diseases (asthma
and chronic obstructive pulmonary disease) from early 1990s to mid-2000s.[46, 55-58] 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.[57, 58] The
British Household Panel Survey (BHPS) also reported an increase in self-reported migraine
between 1991 and 1998 in both males and females across most of the age groups, particularly
65 or older.[46] A study using THIN showed that age- and sex-standardised prevalence rates
of lung cancer rose by 23% between 2004 and 2012, mainly due to increases among females.
[59] We 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 I and II), both representative of the older population, aged 50 or older
and 65 or older respectively.[60, 61] Both studies showed a relative decrease in age and sex-
standardised prevalence of dementia by 30% for the period of 2002/2003-2012/3 and by 40%
for 1989-2011.[60, 61]

Limiting longstanding morbidity. Large population-based surveys, representative for the
UK population and with consistent methodology over time (GHS/GLS, the Integrated House-
hold Survey, Continuous Household Survey and the UK census data), all found that the total
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life expectancy has increased by a greater number of years than life expectancy without a limit-
ing longstanding illness or disability at age 65 or older for the period between early-1990s and
early-2010s.[62-64] For instance, estimates based on the National Census showed increase by
0.4 years for 85-year-olds between 1991 and 2001.[64] However, there is some evidence that
between 2002 and 2012, those born after 1924 experienced lower odds of having long-standing
illness, disability or infirmity, whereas the prevalence was stable for females.[65] 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.[65]

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 col-
leagues [64] found a total life expectancy increased by 1.3 years more than health expectancy
in the period of 1991-2001. Similar findings were obtained for a shorter period of 2001-2011,
based on the UK National Census data from London only (expansion of morbidity by 1.7
years).[66] On the contrary, estimates based on the GHS/GLS showed a greater increase in
health expectancy than total life expectancy—for males only (with no difference among
females)—in the shorter period of 2000-2011 (by 0.9 year).[62, 63] Finally, a study based on
repeated annual cross-sections of the Health Survey for England from 1991 to 2014 (partici-
pants aged 25-64), found an equal increase in health expectancy and total life expectancy.[41]

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-old.
[67] The findings were somewhat mixed among studies that provided age-standardised preva-
lence rates. These inconsistencies were found despite overlapping study periods, comparable
populations and definitions of disability. The analysis of the Health Survey for England indi-
cated 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.[48] By contrast, the results from the General House-
hold Survey indicated a decline in severe disability rates among people aged 65 and over, from
21 per cent in 1994-95 to 18 per cent in 2001-2.[48] The reasons for the diverging results are
not clear. In studies with multiple indicators of disability, the trends were also mixed-regard-
less 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 sex-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 dress-
ing difficulty, indoor mobility and prevalence of falls.[68] Similarly, a study using the HSE—
conducted among 65 years and older in 1992-2007—found decreasing age-adjusted preva-
lence in usual activities, stable rates in limitations in self-care activities and increasing rates in
limitations in walking 200 yards and climbing stairs. Chatterji and colleagues found declining
proportion of people aged 50-75, but not 75 or older, with severe disability (ADLs) in 2002-
2008.[69] Whereas, proportion of individuals with mild disability (IADLs) increased over the
period across all ages, with a sharper rise among 75-year-old or older.[69] In the only study
with younger population, a greater proportion of 25-year-old or older reported problems or
disability related to arms, legs, hands, feet, back or neck.[46]

Self-rated general health. The findings somewhat consistently showed that life expec-
tancy 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 year).[62, 67] 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 year.[38] Contradictory findings were produced by a study using the
GHS/GLS, which showed that years with self-rated good health at birth increased by 1.3 years
more than total life expectancy in 2000-11.[62] However, the response option changed during
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the observation period, hence the reliability of the findings is questionable.[62] The inconsis-
tencies in the methodology were accounted for statistically in another study, which focused on
England only and included a longer period (2000-2014). [70] The study showed that total life
expectancy increased more at birth than years with self-rated good health by 0.9.[70] 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.[41]

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 females (by 0.8 years).[67] Whereas for males, the number of
years without cognitive-impairment lagged behind increase in life expectancy (by 0.3 years).
[67]

Discussion
Summary of findings

This is the first systematic review of evidence on the joint progress of health and mortality in
the UK. We assessed trends of morbidity, based on large population-based surveys and pri-
mary/secondary care databases or other routinely collected data. The trends in prevalence of
chronic morbidity clearly 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 coro-
nary heart diseases occurring already from 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 expansion of morbidity scenario) and Alzheimer‘s disease and
other dementias (1989-2013)-reflecting compression of morbidity in severe cognitive
impairment (particularly among females).[67] Likewise, the evidence consistently points
towards expansion in limiting longstanding morbidity (including illness or disability) and self-
reported general health, both at birth and among older people, for the period of 1980s-2010s.
For those measures increase in health expectancy lagged behind the increase in total life expec-
tancy. The evidence based on measures of disability, such as daily activities (e.g. mobility, self-
care) was inconsistent. It appears that there was compression of morbidity in severe disability
(with stable prevalence trends) between early 1980s and mid-1990s. Overall, expansion of mor-
bidity in disability among older population appears to be the more likely scenario in the period
1990s-2010s. The evidence on disability measures in lacking for younger age is lacking, with
one study pointing towards expansion of morbidity.

Comparison with other evidence

Findings from our review were largely consistent with the GBD study providing support for
the expansion of morbidity for: diabetes, lung cancer, stroke, asthma, chronic obstructive pul-
monary disease, migraine.[20, 21] Inconsistencies were found for Alzheimer‘s and other
dementias as GBD found no difference in prevalence rates over time (expansion of morbidity),
while studies included in our review suggested a decrease (compression of morbidity).[20, 21]
This, however, again may be due to different age distribution of the sample (all vs 50-year-olds
or older) and definition of ‘caseness’. As far as coronary hearts disease is concerned, GBD
found no difference among females (expansion of morbidity) and decrease among males
(compression of morbidity) over time, whereas our review suggested increase in both sexes
(expansion of morbidity). Overall, our findings seem to be consistent with the GBD study,
which found that health expectancy—based on the overall prevalence of a range of health out-
comes multiplied by the disability weights—has increased to a lesser extent than total life
expectancy (3.2 vs 4.2 years).[20] This finding is true for all EU15+ countries, although the
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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.[20] Chatterji and colleagues also found expan-
sion of chronic morbidity for the period 1991-2011 in worldwide studies, whereas no discern-
ible patterns across countries or within countries over time emerged in disability.[69]

Explanations for the findings

There are several potential explanations for our findings. The improved survival (e.g., from
stroke and some cancers), due to more effective disease management,[19, 39, 40, 49, 54]
appears to lead to a higher prevalence of morbidity and an increase in the number of people
living with disorders that previously would have been fatal.[20, 21] Although there is some evi-
dence for declining incidence in coronary heart diseases or stroke, these decreases appear to
lag behind improvements in survival (see S1 File). For other conditions, such as diabetes, the
incidence has increased in the last three decades-hence further expansion of morbidity is
expected (S1 File).

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 has been some concerns that asthma may be currently overdiagnosed in pri-
mary care, after years of underdiagnosis.[75] Also, the quality of recording tends to improve
over time, particularly after adopting new computer systems, which may lead to higher esti-
mates.[76] Moreover, rising rates of morbidity may be partially caused by programmes incen-
tivising accurate maintenance of registers of patients with diseases such as asthma or diabetes
(e.g. the New General Medical Services Contract[77]). However, studies that limited their anal-
ysis to services with highly accurate data—as a sensitivity check—tended to find similar
trends—for instance in diabetes.[49] 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.[54] Nonetheless, the rising trends
in diabetes have been consistently observed before and after 2000. Moreover, prevalence of
diabetes also increased as indicated by haemoglobin Alc (HbAlc), in addition to self-reported
diagnosis.[41, 71]

The trends in chronic health should also be considered in the context of trends in risk fac-
tors. 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,
[25,41, 71,73, 78] and others increasing—obesity, hypertension and sedentary lifestyle.[25, 41,
71] It also appears that overall there was a greater decline in risk factors more strongly associ-
ated with mortality (e.g. smoking) than morbidity (e.g. obesity), hence providing a partial
explanation for expansion of morbidity.[79] It is important to note that individuals with less
education and of manual social class experienced relatively worse trends in risk factors over
time.[65, 73] This has increased the health gap between those of low and high socioeconomic
position.[65, 73]

It is also important to note that people‘s knowledge and expectations about health may
have improved over time, due to better education,[80] which might have raised propensity to
report health problems and to have higher expectations from health services. However, empiri-
cal evidence 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 envi-
ronment, for instance, wheelchair access or availability of ready-made meals or microwave
ovens.[10] However, similar aids are difficult to implement for ADLs.[10] Hence declines in
this type of disability may be less likely to occur, unless secondary and tertiary care is more
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successful in offsetting disabling effects of rising chronic diseases, for which there is currently
no evidence.

Implications

Our review is the first one conducted systematically, which provides a comprehensive and crit-
ical insight into the existing evidence. Overall, the rates of morbidity as well as time spent in
morbid states, have increased in the last three decades. This is, partially, due to remarkable
improvement in survivorship with most chronic conditions. A similar success story is needed
in preventing disabling effect of chronic morbidity, as its prevalence is expected to rise,[81]
and in delaying the onset of chronic morbidity. Currently there is no evidence for effective
practices in either of these processes-with a potential exception for the most severe morbidi-
ties, for example related to effective control of hypertension prior to stroke.[43]

A holistic approach to prevention ought to account for an accumulation of health risks
across the lifespan-starting in childhood.[7] Hence, an effective approach needs to address
modifiable risk factors, which origin in early life-including alcohol consumption, smoking,
sedentary lifestyle and diet. Specific recommendations for tackling these problems have been
developed. For instance, the National Institute for Health and Care Excellence emphasised the
need to recognise the alcohol consumption problem 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).[82] Nonetheless, it is important to recognise that risk factors clus-
ter and accumulate to a greater extent among those of low socioeconomic position.[83] People
of manual 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-dispropor-
tionally extending their time lived with morbidity.[63, 64] These inequalities were also seen at
the national level (Scotland having worse outcomes than England) and regional level (North-
ern England having greater burden of morbidity than Southern England).[53, 57, 58] Again,
regional variability was larger in mortality than morbidity.[84] These socioeconomic differ-
ences appear to be greater in the rates of risk factors, rather than in disease management.[40,
57, 84] Overall, this emphasises the need for health policies and interventions targeted at par-
ticularly 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
exist, rather than disease management.

As the prevalence of morbidity is projected to increase in the next decade, it is also neces-
sary 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.[85] For instance, McCor-
mick and colleagues [86] argued that we should move beyond focus on healthcare and pen-
sions, 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 peo-
ple.[86] Such practices have already been successfully implemented around the world and
could be adapted to the UK context (e.g. Healthy Ageing Evidence Review [87]).

Limitations and future research

Research on disability suffers from methodological inconsistencies leading to mixed findings,
which has been repeatedly pointed out in the literature.[11, 79] Also, as it is the case in the
USA, data on changes in prevalence of disability and functioning problems are scarce and gen-
erally limited to the older population.[19] Disability can occur at any time in life, and research
on disability at all ages is requisite.[88] More research is needed, which would address
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limitations of current disability measures, particularly using objectively measured disability as
these are not affected by response bias and are more comparable over time. Moreover, disabil-
ity measures are often based on a single question, thus the use of instruments with finer grada-
tion of disability severity should be more common.[88, 89] This would allow for the testing of
dynamic equilibrium theory and better understanding of the reasons underlying disability
trends. Furthermore, future research should combine various health indicators obtained
within the same individuals, mainly chronic conditions and disability.[46] Such approach
would help to understand if disease management also improves one‘s quality of life—in addi-
tion to prolonging survivorship. Another limitation of the literature was that very few studies
included the institutionalised population,[61] as the changes in the prevalence of institutionali-
sation over time may lead to under-/overestimation of prevalence of certain diseases. A few
studies that took that into account did not, however, find any difference in estimates—due to
overall low proportion of the institutionalised population.[61, 65]

Conclusion

The evidence on trends in prevalence of chronic conditions strongly suggests expansion of
morbidity. The increasing prevalence of chronic morbidity may to some extent reflect better
diagnostics, but as rising trends occur within short studied periods, it is an unlikely explana-
tion for trends. The trends in disability are less conclusive, however even if the length of life
with disability remains the same but the length of life needing treatment for disease increases,
lifetime health costs will increase unless the cost of health care are reduced.[19] Thus, there is
an urgent need for preventative efforts that would delay the onset of morbidity.

Supporting information

S1 PRISMA Checklist.
(DOC)

S1 File. Trends in incidence of chronic conditions.
(DOC)

S2 File. Risk of bias assessment tool.
(DOC)

S3 File. Summary of data source evaluation.
(DOCX)

Author Contributions

Conceptualization: Dawid Gondek, David Bann, Ke Ning.

Data curation: Dawid Gondek, Ke Ning.

Formal analysis: Dawid Gondek, George B. Ploubidis.

Funding acquisition: George B. Ploubidis.

Investigation: Dawid Gondek, Ke Ning.

Methodology: Dawid Gondek, David Bann, Ke Ning, Emily Grundy, George B. Ploubidis.
Resources: Dawid Gondek.

Supervision: David Bann, Emily Grundy, George B. Ploubidis.

Validation: David Bann, Emily Grundy, George B. Ploubidis.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218991 July 3, 2019 18/23


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218991.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218991.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218991.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0218991.s004
https://doi.org/10.1371/journal.pone.0218991

@ PLOS|ONE

Post-war (1946-2017) population health change in the UK

Writing - original draft: Dawid Gondek, Ke Ning, George B. Ploubidis.

Writing - review & editing: Dawid Gondek, David Bann, Ke Ning, Emily Grundy, George B.

Ploubidis.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

Office for National Statistics. Life Expectancy at Birth and at Age 65 by Local Areas in England and
Wales: 2012 to 2014 2015 [10/07/2017]. Available from: https://www.ons.gov.uk/peoplepopulationand
community/birthsdeathsandmarriages/lifeexpectancies/bulletins/lifeexpectancyatbirthandatage65
bylocalareasinenglandandwales/2015-11-04.

Hiam L, Harrison D, McKee M, Dorling D. Why is life expectancy in England and Wales ’stalling’? Jour-
nal of Epidemiology & Community Health. 2018; 72(5):404-8. https://doi.org/10.1136/jech-2017-
210401 PMID: 29463599

Government Office for Science. Future of an Ageing Population. London: 2013.

Fries JF. Aging, natural death, and the compression of morbidity. New England Journal of Medicine.
1980; 303(3):130-5. https://doi.org/10.1056/NEJM198007173030304 PMID: 7383070.

Manton KG. Changing concepts of morbidity and mortality in the elderly population. Milbank Memorial
Fund Quarterly. 1982; 60(2):183-244. PMID: 6919770.

Beltran-Sanchez H, Razak F, Subramanian SV. Going beyond the disability-based morbidity definition
in the compression of morbidity framework. Glob Health Action. 2014; 7:24766. Epub 2014/09/28.
https://doi.org/10.3402/gha.v7.24766 PMID: 25261699; PubMed Central PMCID: PMC4176669.

UN World Health Organization. World Report on Disability. Geneva (Switzerland): World Health Orga-
nization, 2011.

Singh-Manoux A, Martikainen P, Ferrie J, Zins M, Marmot M, Goldberg M. What does self rated health
measure? Results from the British Whitehall Il and French Gazel cohort studies. Journal of Epidemiol-
ogy and Community Health. 2006; 60(4):364—72. https://doi.org/10.1136/jech.2005.039883 PMID:
16537356

Idler EL, Benyamini Y. Self-rated health and mortality: a review of twenty-seven community studies. J
Health Soc Behav. 1997; 38(1):21-37. Epub 1997/03/01. PMID: 9097506.

Parker MG, Thorslund M. Health trends in the elderly population: getting better and getting worse. Ger-
ontologist. 2007; 47(2):150-8. Epub 2007/04/19. https://doi.org/10.1093/geront/47.2.150 PMID:
17440120.

Freedman VA, Spillman BC, Andreski PM, Cornman JC, Crimmins EM, Kramarow E, et al. Trends in
late-life activity limitations in the United States: an update from five national surveys. Demography.
2013; 50(2):661—71. https://doi.org/10.1007/s13524-012-0167-z PMID: 23104207; PubMed Central
PMCID: PMC3586750.

Van Oyen H, Cox B, Demarest S, Deboosere P, Lorant V. Trends in health expectancy indicators in the
older adult population in Belgium between 1997 and 2004. European Journal of Ageing 2008; 5(2):137—
46. https://doi.org/10.1007/s10433-008-0082-8 PMID: 28798568

Jeune B, Bronnum-Hansen H. Trends in health expectancy at age 65 for various health indicators,
1987-2005, Denmark. European Journal of Ageing. 2008; 5:279-85. https://doi.org/10.1007/s10433-
008-0100-x PMID: 28798580

Moe JO, Hagen TP. Trends and variation in mild disability and functional limitations among older adults
in Norway, 1986—2008. European Journal of Ageing. 2011; 8(1):49-61. https://doi.org/10.1007/s10433-
011-0179-3 PMID: 21475398

Solé-Aurd A, Alcaiiiz M. Are we living longer but less healthy? Trends in mortality and morbidity in Cata-
lonia (Spain), 1994—2011. European Journal of Ageing 2015; 12(1):61-70. https://doi.org/10.1007/
510433-014-0317-9 PMID: 28804346

Sagardui-Villamor J, Guallar-Castillon P, Garcia-Ferruelo M, Banegas JR, Rodriguez-Artalejo F. Trends
in disability and disability-free life expectancy among elderly people in Spain: 1986—1999. Journals of
Gerontology—Series A Biological Sciences and Medical Sciences. 2005; 60(8):1028-34. PMID:
41233319.

Cambois E, Clavel A, Romieu |, Robine JM. Trends in disability-free life expectancy at age 65 in France:
consistent and diverging patterns according to the underlying disability measure. European Journal of
Ageing. 2008; 5:287-98. https://doi.org/10.1007/s10433-008-0097-1 PMID: 28798581

Howse K. Increasing life expectancy and the compression of morbidity: A critical review of the debate.
Working Paper No.26. Oxford: Oxford Institute of Ageing, University of Oxford, 2006.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218991 July 3, 2019 19/23


https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/bulletins/lifeexpectancyatbirthandatage65bylocalareasinenglandandwales/2015-11-04
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/bulletins/lifeexpectancyatbirthandatage65bylocalareasinenglandandwales/2015-11-04
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/lifeexpectancies/bulletins/lifeexpectancyatbirthandatage65bylocalareasinenglandandwales/2015-11-04
https://doi.org/10.1136/jech-2017-210401
https://doi.org/10.1136/jech-2017-210401
http://www.ncbi.nlm.nih.gov/pubmed/29463599
https://doi.org/10.1056/NEJM198007173030304
http://www.ncbi.nlm.nih.gov/pubmed/7383070
http://www.ncbi.nlm.nih.gov/pubmed/6919770
https://doi.org/10.3402/gha.v7.24766
http://www.ncbi.nlm.nih.gov/pubmed/25261699
https://doi.org/10.1136/jech.2005.039883
http://www.ncbi.nlm.nih.gov/pubmed/16537356
http://www.ncbi.nlm.nih.gov/pubmed/9097506
https://doi.org/10.1093/geront/47.2.150
http://www.ncbi.nlm.nih.gov/pubmed/17440120
https://doi.org/10.1007/s13524-012-0167-z
http://www.ncbi.nlm.nih.gov/pubmed/23104207
https://doi.org/10.1007/s10433-008-0082-8
http://www.ncbi.nlm.nih.gov/pubmed/28798568
https://doi.org/10.1007/s10433-008-0100-x
https://doi.org/10.1007/s10433-008-0100-x
http://www.ncbi.nlm.nih.gov/pubmed/28798580
https://doi.org/10.1007/s10433-011-0179-3
https://doi.org/10.1007/s10433-011-0179-3
http://www.ncbi.nlm.nih.gov/pubmed/21475398
https://doi.org/10.1007/s10433-014-0317-9
https://doi.org/10.1007/s10433-014-0317-9
http://www.ncbi.nlm.nih.gov/pubmed/28804346
http://www.ncbi.nlm.nih.gov/pubmed/41233319
https://doi.org/10.1007/s10433-008-0097-1
http://www.ncbi.nlm.nih.gov/pubmed/28798581
https://doi.org/10.1371/journal.pone.0218991

@ PLOS|ONE

Post-war (1946-2017) population health change in the UK

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Crimmins EM, Beltran-Sanchez H. Mortality and morbidity trends: is there compression of morbidity?
Journal of Gerontology: Social Sciences. 2010; 66B(1):75-86. https://doi.org/10.1093/geronb/gbq088
PMID: 21135070

Murray CJL, Richards MA, Newton JN, Fenton KA, Anderson HR, Atkinson C, et al. UK health perfor-
mance: Findings of the Global Burden of Disease Study 2010. The Lancet. 2013; 381(9871):997-1020.
PMID: 52479090.

Newton JN, Briggs AD, Murray CJ, Dicker D, Foreman KJ, Wang H, et al. Changes in health in England,
with analysis by English regions and areas of deprivation, 1990-2013: a systematic analysis for the
Global Burden of Disease Study 2013. Lancet. 2015; 386(10010):2257—74. https://doi.org/10.1016/
S0140-6736(15)00195-6 PMID: 26382241.

Lawlor DA, Tilling K, Smith GD. Triangulation in aetiological epidemiology. Int J Epidemiol. 2016; 45
(6):1866-86. https://doi.org/10.1093/ije/dyw314 WOS:000398261100023. PMID: 28108528

Miilunpalo S, Vuori |, Oja P, Pasanen M, Urponen H. Self-rated health status as a health measure: The
predictive value of self-reported health status on the use of physician services and on mortality in the
working-age population. Journal of Clinical Epidemiology. 1997; 50(5):517-28. https://doi.org/10.1016/
S0895-4356(97)00045-0. PMID: 9180644

Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies in meta-analyses 2009 [10/03/2017]. Avail-
able from: http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.

Scarborough P, Wickramasinghe K, Bhatnagar P, Rayner M. Trends in coronary heart disease 1961—
2011. London: British Heart Foundation, 2011.

Harkness EF, Macfarlane GJ, Silman AJ, McBeth J. Is musculoskeletal pain more common now than
40 years ago?: Two population-based cross-sectional studies. Rheumatology. 2005; 44(7):890-95.
https://doi.org/10.1093/rheumatology/keh599 PMID: 15784630.

Palmer KT, Walsh K, Bendall H, Cooper C, Coggon D. Back pain in Britain: comparison of two preva-
lence surveys at an interval of 10 years. BMJ. 2000; 320:1577-8. https://doi.org/10.1136/bmj.320.7249.
1577 PMID: 10845966

Gatling W, Budd S, Walters D, Mullee MA, Goddard JR, Hill RD. Evidence of an increasing prevalence
of diagnosed diabetes mellitus in the Poole area from 1983 to 1996. Diabetic Medicine. 1998; 15
(12):1015-21. https://doi.org/10.1002/(SICI)1096-9136(1998120)15:12<1015::AID-DIA719>3.0.CO;2-
K PMID: 9868974.

Thomas MC, Hardoon SL, Papacosta AO, Morris RW, Wannamethee SG, Sloggett A, et al. Evidence of
an accelerating increase in prevalence of diagnosed Type 2 diabetes in British men, 1978-2005. Dia-
betic Medicine. 2009; 26(8):766—72. hitps://doi.org/10.1111/j.1464-5491.2009.02768.x PMID:
19709145.

Lampe FC, Morris RW, Whincup PH, Walker M, Ebrahim S, Shaper AG. Is the prevalence of coronary
heart disease falling in British men? Heart. 2001; 86(5):499-05. https://doi.org/10.1136/heart.86.5.499
PMID: 11602539.

Jarvis C, Tinker A. Trends in old age morbidity and disability in Britain. Ageing & Society. 1999; 19
(5):603-27.

Bebbington AC, Darton RA. Healthy life expectancy in England and Wales: recent evidence. PSSRU
Discussion Paper 1205. Canterbury, Kent: PERSONAL SOCIAL SERVICES RESEARCH UNIT, 1996.

Kelly S, Baker A, Gupta S. Healthy life expectancy in Great Britain, 1980—-96, and its use as an indicator
in United Kingdom Government strategies. Health Statistics Quarterly 07. London: ONS, 2000.

Bebbington AC. The Expectation of life without disability in England and Wales. Social Science & Medi-
cine. 1988; 27(4):321-6.

Robine JM, Ritchie K. Healthy life expectancy: evaluation of global indicator of change in population
health. BMJ. 1991; 302(6774):457—60. https://doi.org/10.1136/bm|.302.6774.457 PMID: 1825931;
PubMed Central PMCID: PMC1669345.

Jagger C, Clarke M, Clarke SJ. Getting older—feeling younger: the changing health profile of the
elderly. Internation Journal of Epidemiology. 1991; 20(1):234—-8. Epub 1991/03/01. https://doi.org/10.
1093/ije/20.1.234 PMID: 2066227.

Spiers N, Jagger C, Clarke M. Physical function and perceived health: cohort differences and interrela-
tionships in older people. The Journals of Gerontology Series B, Psychological Sciences and Social Sci-
ences. 1996; 51(5):226—33. Epub 1996/09/01. https://doi.org/10.1093/geronb/51b.5.s226 PMID:
8809007.

Bajekal M. Healthy life expectancy by area deprivation: magnitude and trends in England, 1994—1999.
Health statistics quarterly. 2005;(25):18—27. PMID: 15804 166.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218991 July 3, 2019 20/23


https://doi.org/10.1093/geronb/gbq088
http://www.ncbi.nlm.nih.gov/pubmed/21135070
http://www.ncbi.nlm.nih.gov/pubmed/52479090
https://doi.org/10.1016/S0140-6736(15)00195-6
https://doi.org/10.1016/S0140-6736(15)00195-6
http://www.ncbi.nlm.nih.gov/pubmed/26382241
https://doi.org/10.1093/ije/dyw314
http://www.ncbi.nlm.nih.gov/pubmed/28108528
https://doi.org/10.1016/S0895-4356(97)00045-0
https://doi.org/10.1016/S0895-4356(97)00045-0
http://www.ncbi.nlm.nih.gov/pubmed/9180644
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1093/rheumatology/keh599
http://www.ncbi.nlm.nih.gov/pubmed/15784630
https://doi.org/10.1136/bmj.320.7249.1577
https://doi.org/10.1136/bmj.320.7249.1577
http://www.ncbi.nlm.nih.gov/pubmed/10845966
https://doi.org/10.1002/(SICI)1096-9136(1998120)15:12<1015::AID-DIA719>3.0.CO;2-K
https://doi.org/10.1002/(SICI)1096-9136(1998120)15:12<1015::AID-DIA719>3.0.CO;2-K
http://www.ncbi.nlm.nih.gov/pubmed/9868974
https://doi.org/10.1111/j.1464-5491.2009.02768.x
http://www.ncbi.nlm.nih.gov/pubmed/19709145
https://doi.org/10.1136/heart.86.5.499
http://www.ncbi.nlm.nih.gov/pubmed/11602539
https://doi.org/10.1136/bmj.302.6774.457
http://www.ncbi.nlm.nih.gov/pubmed/1825931
https://doi.org/10.1093/ije/20.1.234
https://doi.org/10.1093/ije/20.1.234
http://www.ncbi.nlm.nih.gov/pubmed/2066227
https://doi.org/10.1093/geronb/51b.5.s226
http://www.ncbi.nlm.nih.gov/pubmed/8809007
http://www.ncbi.nlm.nih.gov/pubmed/15804166
https://doi.org/10.1371/journal.pone.0218991

@ PLOS|ONE

Post-war (1946-2017) population health change in the UK

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Davies AR, Smeeth L, Grundy EM. Contribution of changes in incidence and mortality to trends in the
prevalence of coronary heart disease in the UK: 1996 2005. European Heart Journal. 2007; 28
(17):2142—7. https://doi.org/10.1093/eurheartj/ehm272 PMID: 17636307

Simpson CR, Hannaford PC, Williams D. Evidence for inequalities in the management of coronary
heart disease in Scotland. Heart. 2005; 91(5):630—4. https://doi.org/10.1136/hrt.2004.036723 PMID:
15831649; PubMed Central PMCID: PMC1768874.

Jivraj S, Goodman A, Pongiglione B, Ploubidis GB. Living longer but not necessairly healthier: The joint
progress of health and mortality in the working age population in England. Manuscript submitted for pub-
lication. under review.

Jagger C, Matthews R, Matthews F, Robinson T, Robine JM, Brayne C. The burden of diseases on dis-
ability-free life expectancy in later life. Journals of Gerontology—Series A Biological Sciences and Medi-
cal Sciences. 2007; 62(4):408-14. PMID: 47065709.

Lee S, Shafe AC, Cowie MR. UK stroke incidence, mortality and cardiovascular risk management
1999-2008: time-trend analysis from the General Practice Research Database. BMJ Open. 2011; 1(2):
€000269. https://doi.org/10.1136/bmjopen-2011-000269 PMID: 22021893; PubMed Central PMCID:
PMC3211058.

Evans JM, Barnett KN, Ogston SA, Morris AD. Increasing prevalence of type 2 diabetes in a Scottish
population: effect of increasing incidence or decreasing mortality? Diabetologia. 2007; 50(4):729-32.
https://doi.org/10.1007/s00125-006-0585-9 PMID: 17225122.

Gonzalez EL, Johansson S, Wallander MA, Rodriguez LA. Trends in the prevalence and incidence of
diabetes in the UK: 1996-2005. Journal of Epidemiology and Community Health. 2009; 63(4):332—6.
https://doi.org/10.1136/jech.2008.080382 PMID: 19240084.

Groot W, van den Brink HM. Health-adjusted life expectancy of the British population. Applied Econom-
ics. 2008; 40(11):1373-86. https://doi.org/10.1080/0003684060082067 1

Imkampe AK, Gulliford MC. Increasing socio-economic inequality in type 2 diabetes prevalence—
repeated cross-sectional surveys in England 1994-2006. European Journal of Public Health. 2011; 21
(4):484-90. https://doi.org/10.1093/eurpub/ckq106 PMID: 20685812.

Lafortune G, Balestat G, the Disability Study Expert Group Members. Trends in Severe Disability
Among Elderly People: Assessing the Evidence in 12 OECD Countries and the Future Implications.
Paris: Organisation for Economic Co-operation and Development 2007.

Lusignan S, Sismanidis C, Carey IM, DeWilde S, Richards N, Cook DG. Trends in the prevalence and
management of diagnosed type 2 diabetes 1994—-2001 in England and Wales. BMC Family Practice.
2005; 6(1):13. https://doi.org/10.1186/1471-2296-6-13 PMID: 15784133; PubMed Central PMCID:
PMC1079812.

Morgan CL, Peters JR, Currie CJ. The changing prevalence of diagnosed diabetes and its associated
vascular complications in a large region of the UK. Diabetic Medicine. 2010; 27(6):673-8. Epub 2010/
06/16. https://doi.org/10.1111/j.1464-5491.2010.02912.x PMID: 20546286.

Newnham A, Ryan R, Khunti K, Majeed A. Prevalence of diagnosed diabetes mellitus in general prac-
tice in England and Wales, 1994 to 1998. Health Statistics Quarterly 2002; 14:5-13.

Samaranayakaa S, Gulliforda MC. Trends in cardiovascular risk factors among people with diabetes in
a population based study, Health Survey for England 1994—-2009. Primary Care Diabetes 2013; 7:193—
8. https://doi.org/10.1016/j.pcd.2013.04.010 PMID: 23685024

Bhatnagar P, Wickramasinghe K, Wilkins E, Townsend N. Trends in the epidemiology of cardiovascular
disease in the UK. Heart. 2016; 102(24):1945-52. https://doi.org/10.1136/heartjnl-2016-309573 PMID:
27550425; PubMed Central PMCID: PMC5256396.

Sharma M, Nazareth |, Petersen |. Trends in incidence, prevalence and prescribing in type 2 diabetes
mellitus between 2000 and 2013 in primary care: a retrospective cohort study.[Erratum appears in BMJ
Open. 2016;6(5):e010210corr1]. BMJ Open. 2016; 6(1):€010210. https://doi.org/10.1136/bmjopen-
2015-010210 PMID: 26769791.

Soriano JB, Maier WC, Egger P, Visick G, Thakrar B, Sykes J, et al. Recent trends in physician diag-
nosed COPD in women and men in the UK. Thorax. 2000; 55(9):789-94. https://doi.org/10.1136/
thorax.55.9.789 PMID: 10950900; PubMed Central PMCID: PMC1745847.

Soriano JB, Kiri VA, Maier WC, Strachan D. Increasing prevalence of asthma in UK primary care during
the 1990s. International Journal of Tuberculosis and Lung Disease. 2003; 7(5):415-21. PMID:
12757040.

Simpson CR, Sheikh A. Trends in the epidemiology of asthma in England: a national study of 333,294
patients. Journal of the Royal Society of Medicine. 2010; 103(3):98—106. https://doi.org/10.1258/jrsm.
2009.090348 PMID: 20200181; PubMed Central PMCID: PMC3072257.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218991 July 3, 2019 21/23


https://doi.org/10.1093/eurheartj/ehm272
http://www.ncbi.nlm.nih.gov/pubmed/17636307
https://doi.org/10.1136/hrt.2004.036723
http://www.ncbi.nlm.nih.gov/pubmed/15831649
http://www.ncbi.nlm.nih.gov/pubmed/47065709
https://doi.org/10.1136/bmjopen-2011-000269
http://www.ncbi.nlm.nih.gov/pubmed/22021893
https://doi.org/10.1007/s00125-006-0585-9
http://www.ncbi.nlm.nih.gov/pubmed/17225122
https://doi.org/10.1136/jech.2008.080382
http://www.ncbi.nlm.nih.gov/pubmed/19240084
https://doi.org/10.1080/00036840600820671
https://doi.org/10.1093/eurpub/ckq106
http://www.ncbi.nlm.nih.gov/pubmed/20685812
https://doi.org/10.1186/1471-2296-6-13
http://www.ncbi.nlm.nih.gov/pubmed/15784133
https://doi.org/10.1111/j.1464-5491.2010.02912.x
http://www.ncbi.nlm.nih.gov/pubmed/20546286
https://doi.org/10.1016/j.pcd.2013.04.010
http://www.ncbi.nlm.nih.gov/pubmed/23685024
https://doi.org/10.1136/heartjnl-2016-309573
http://www.ncbi.nlm.nih.gov/pubmed/27550425
https://doi.org/10.1136/bmjopen-2015-010210
https://doi.org/10.1136/bmjopen-2015-010210
http://www.ncbi.nlm.nih.gov/pubmed/26769791
https://doi.org/10.1136/thorax.55.9.789
https://doi.org/10.1136/thorax.55.9.789
http://www.ncbi.nlm.nih.gov/pubmed/10950900
http://www.ncbi.nlm.nih.gov/pubmed/12757040
https://doi.org/10.1258/jrsm.2009.090348
https://doi.org/10.1258/jrsm.2009.090348
http://www.ncbi.nlm.nih.gov/pubmed/20200181
https://doi.org/10.1371/journal.pone.0218991

@ PLOS|ONE

Post-war (1946-2017) population health change in the UK

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.
75.

76.

Simpson CR, Hippisley-Cox J, Sheikh A. Trends in the epidemiology of chronic obstructive pulmonary
disease in England: a national study of 51 804 patients. British Journal of General Practice. 2010; 60
(576):277—-84. hitps://doi.org/10.3399/bjgp10X514729 PMID: 20594429; PubMed Central PMCID:
PMC2894402.

British Lung Foundation. Lung cancer statistics 2017 [10/05/2017]. Available from: https://statistics.blf.
org.uk/lung-cancer.

Ahmadi-Abhari S, Guzman-Castillo M, Bandosz P, Shipley MJ, Muniz-Terrera G, Singh-Manoux A,
et al. Temporal trend in dementia incidence since 2002 and projections for prevalence in England and
Wales to 2040: modelling study. BMJ. 2017; 358:j2856. https://doi.org/10.1136/bm;.j2856 PMID:
28679494

Matthews FE, Arthur A, Barnes LE, Bond J, Jagger C, Robinson L, et al. A two-decade comparison of
prevalence of dementia in individuals aged 65 years and older from three geographical areas of
England: results of the Cognitive Function and Ageing Study | and Il. Lancet. 2013; 382(9902):1405—
12. https://doi.org/10.1016/S0140-6736(13)61570-6 PMID: 23871492; PubMed Central PMCID:
PMC3906607.

Jagger C. Trends in life expectancy and healthy life expectancy. Future of an ageing population: evi-
dence review. London: Foresight, Government Office for Science, 2015.

Smith MP, Olatunde O, White C. Inequalities in disability-free life expectancy by area deprivation:
England, 2001-04 and 2005—-08. Health Statistics Quarterly. 2010; 48:1-22.

Wohland P, Rees P, Gillies C, Alvanides S, Matthews FE, O’Neill V, et al. Drivers of inequality in disabil-
ity-free expectancy at birth and age 85 across space and time in Great Britain. Journal of epidemiology
and community health. 2014; 68(9):826—33. https://doi.org/10.1136/jech-2014-204083 PMID:
24907279.

Morciano M, Hancock RM, Pudney SE. Birth-cohort trends in older-age functional disability and their
relationship with socio-economic status:Evidence from a pooling of repeated cross-sectional popula-
tion-based studies for the UK. Social Science & Medicine 2015; 136—137:1-9. https://doi.org/10.1016/j.
socscimed.2015.04.035 PMID: 25970098

Congdon P. Modelling changes in small area disability free life expectancy: Trends in London wards
between 2001 and 2011. Statistics in Medicine. 2014; 33(29):5138-50. https://doi.org/10.1002/sim.
6298 PMID: 25196376.

Jagger C, Matthews FE, Wohland P, Fouweather T, Stephan BC, Robinson L, et al. A comparison of
health expectancies over two decades in England: results of the Cognitive Function and Ageing Study |
and Il. Lancet. 2016; 387(10020):779-86. https://doi.org/10.1016/S0140-6736(15)00947-2 PMID:
26680218; PubMed Central PMCID: PMC4761658.

Donald IP, Foy C, Jagger C. Trends in disability prevalence over 10 years in older people living in
Gloucestershire. Age and Ageing. 2010; 39(3):337—42. https://doi.org/10.1093/ageing/afq015 PMID:
20215122.

Chatterji S, Byles J, Cutler D, Seeman T, Verdes E. Health, functioning, and disability in older adults-
present status and future implications. Lancet. 2015; 385(9967):563-75. https://doi.org/10.1016/
S0140-6736(14)61462-8 WOS:000349213600035. PMID: 25468158

Public Health England. Chapter 1: life expectancy and healthy life expectancy. Health profile for
England A report combining Public Health England (PHE) data and knowledge on the health of the pop-
ulation in England in 2017: Public Health England 2017.

Hamer M, Kengne AP, Batty GD, Cooke D, Stamatakis E. Temporal trends in diabetes prevalence and
key diabetes risk factors in Scotland, 2003—2008. Diabetic Medicine. 2011; 28(5):595-8. https://doi.org/
10.1111/1.1464-5491.2011.03254.x PMID: 21480969.

Fleming KM, Aithal GP, Solaymani-Dodaran M, Card TR, West J. Incidence and prevalence of cirrhosis
in the United Kingdom, 1992—-2001: a general population-based study. Journal of Hepatology. 2008; 49
(5):732-8. https://doi.org/10.1016/j.jhep.2008.05.023 PMID: 18667256.

Martin LG, Schoeni RF, Andreski PM, Jagger C. Trends and inequalities in late-life health and function-
ing in England. Journal of Epidemiology and Community Health. 2012; 66(10):874—80. https://doi.org/
10.1136/jech-2011-200251 PMID: 22147749.

Public Health England. Chapter 2: major causes of death and how they have changed. 2017.

Looijmans-van den Akker |, van Luijn K, Verheij T. Overdiagnosis of asthma in children in primary care:
a retrospective analysis. BrJ Gen Pract. 2016; 66(644):e152—7. Epub 2016/02/27. https://doi.org/10.
3399/bjgp16X683965 PMID: 26917656; PubMed Central PMCID: PMC4758494.

Horsfall L, Petersen |, Walters K, Schrag A. Time trends in incidence of Parkinson’s disease diagnosis
in UK primary care. Journal of Neurology. 2013; 260(5):1351-7. https://doi.org/10.1007/s00415-012-
6804-z PMID: 23263597.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218991 July 3, 2019 22/23


https://doi.org/10.3399/bjgp10X514729
http://www.ncbi.nlm.nih.gov/pubmed/20594429
https://statistics.blf.org.uk/lung-cancer
https://statistics.blf.org.uk/lung-cancer
https://doi.org/10.1136/bmj.j2856
http://www.ncbi.nlm.nih.gov/pubmed/28679494
https://doi.org/10.1016/S0140-6736(13)61570-6
http://www.ncbi.nlm.nih.gov/pubmed/23871492
https://doi.org/10.1136/jech-2014-204083
http://www.ncbi.nlm.nih.gov/pubmed/24907279
https://doi.org/10.1016/j.socscimed.2015.04.035
https://doi.org/10.1016/j.socscimed.2015.04.035
http://www.ncbi.nlm.nih.gov/pubmed/25970098
https://doi.org/10.1002/sim.6298
https://doi.org/10.1002/sim.6298
http://www.ncbi.nlm.nih.gov/pubmed/25196376
https://doi.org/10.1016/S0140-6736(15)00947-2
http://www.ncbi.nlm.nih.gov/pubmed/26680218
https://doi.org/10.1093/ageing/afq015
http://www.ncbi.nlm.nih.gov/pubmed/20215122
https://doi.org/10.1016/S0140-6736(14)61462-8
https://doi.org/10.1016/S0140-6736(14)61462-8
http://www.ncbi.nlm.nih.gov/pubmed/25468158
https://doi.org/10.1111/j.1464-5491.2011.03254.x
https://doi.org/10.1111/j.1464-5491.2011.03254.x
http://www.ncbi.nlm.nih.gov/pubmed/21480969
https://doi.org/10.1016/j.jhep.2008.05.023
http://www.ncbi.nlm.nih.gov/pubmed/18667256
https://doi.org/10.1136/jech-2011-200251
https://doi.org/10.1136/jech-2011-200251
http://www.ncbi.nlm.nih.gov/pubmed/22147749
https://doi.org/10.3399/bjgp16X683965
https://doi.org/10.3399/bjgp16X683965
http://www.ncbi.nlm.nih.gov/pubmed/26917656
https://doi.org/10.1007/s00415-012-6804-z
https://doi.org/10.1007/s00415-012-6804-z
http://www.ncbi.nlm.nih.gov/pubmed/23263597
https://doi.org/10.1371/journal.pone.0218991

@ PLOS|ONE

Post-war (1946-2017) population health change in the UK

77.
78.

79.

80.

81.

82,

83.

84.

85.

86.

87.
88.

89.

The NHS Confederation. Investing in General Practice: The New General Medical Services Contract.

Alageel S, Wright AJ, Gulliford MC. Changes in cardiovascular disease risk and behavioural risk factors
before the introduction of a health check programme in England. Preventive Medicine. 2016; 91:158—
63. https://doi.org/10.1016/j.ypmed.2016.08.025 PMID: 27539072

Pongiglione B, De Stavola BL, Ploubidis GB. A Systematic Literature Review of Studies Analyzing
Inequalities in Health Expectancy among the Older Population. PLoS ONE. 2015; 10(6):e0130747.
https://doi.org/10.1371/journal.pone.0130747 PMID: 26115099

Sullivan A, Brown M, Bann D. Guest Editorial: Generation X enters middle age. Longitudinal and Life
Course Studies. 2015; 6(2):120-30.

Guzman-Castillo M, Ahmadi-Abhari S, Bandosz P, Capewell S, Steptoe A, Singh-Manoux A, et al. Fore-
casted trends in disability and life expectancy in England and Wales up to 2025: a modelling study. Lan-
cet Public Health. 2017; 2(7):E307—E13. https://doi.org/10.1016/52468-2667(17)30091-9
WOS:000425587100007. PMID: 28736759

(NICE) NIfHaCE. Dementia, disability and frailty in later life—mid-life approaches to delay or prevent
onset 2015 [10/03/2019]. Available from: https://www.nice.org.uk/guidance/ng16/chapter/What-is-this-
guideline-about.

Buck D, Frosini F. Clustering of unhealthy behaviours over time. Implications for policy and practice.
London: The King’s Fund, 2012.

Davies AR, Grundy E, Nitsch D, Smeeth L. Constituent country inequalities in myocardial infarction inci-
dence and case fatality in men and women in the United Kingdom, 1996-2005. Journal of Public Health.
2011; 33(1):131-8. https://doi.org/10.1093/pubmed/fdq049 PMID: 20634202.

Maestas N, Mullen KJ, Powell D. The Effect of Population Aging on Economic Growth, the Labor Force
and Productivity. Santa Monica, CA: RAND Corporation, 2016.

McCormick J, Clifton J, Sachrajda A, Cherti M, McDowell E. Getting On: Well-being in later life. London:
Institute for Public Policy Research 2009.

Age UK. Healthy Ageing Evidence Review. London: Age UK, 2011.

Verbrugge LM. Disability Experience and Measurement. Journal of Aging and Health. 2016; 28
(7):1124-58. https://doi.org/10.1177/0898264316656519 PMID: 27590795.

Pongiglione B, Ploubidis GB, De Stavola BL. Levels of disability in the older population of England:
Comparing binary and ordinal classifications. Disability and Health Journal. 2017; 10(4):509—-17. Epub
2017/02/07. https://doi.org/10.1016/j.dhjo.2017.01.005 PMID: 28162985.

PLOS ONE | https://doi.org/10.1371/journal.pone.0218991 July 3, 2019 23/23


https://doi.org/10.1016/j.ypmed.2016.08.025
http://www.ncbi.nlm.nih.gov/pubmed/27539072
https://doi.org/10.1371/journal.pone.0130747
http://www.ncbi.nlm.nih.gov/pubmed/26115099
https://doi.org/10.1016/S2468-2667(17)30091-9
http://www.ncbi.nlm.nih.gov/pubmed/28736759
https://www.nice.org.uk/guidance/ng16/chapter/What-is-this-guideline-about
https://www.nice.org.uk/guidance/ng16/chapter/What-is-this-guideline-about
https://doi.org/10.1093/pubmed/fdq049
http://www.ncbi.nlm.nih.gov/pubmed/20634202
https://doi.org/10.1177/0898264316656519
http://www.ncbi.nlm.nih.gov/pubmed/27590795
https://doi.org/10.1016/j.dhjo.2017.01.005
http://www.ncbi.nlm.nih.gov/pubmed/28162985
https://doi.org/10.1371/journal.pone.0218991

