
 
 

University of Birmingham

Sex-specific temporal trends in the incidence and
prevalence of cardiovascular disease in young
adults:
Okoth, Kelvin; Crowe, Francesca; Marshall, Tom; Thomas, G Neil; Nirantharakumar,
Krishnarajah; Adderley, Nicola
DOI:
10.1093/eurjpc/zwac024

License:
Creative Commons: Attribution-NonCommercial (CC BY-NC)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):
Okoth, K, Crowe, F, Marshall, T, Thomas, GN, Nirantharakumar, K & Adderley, N 2022, 'Sex-specific temporal
trends in the incidence and prevalence of cardiovascular disease in young adults: a population-based study
using UK primary care data', European Journal of Preventive Cardiology, vol. 29, no. 10, pp. 1387-1395.
https://doi.org/10.1093/eurjpc/zwac024

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 25. Apr. 2024

https://doi.org/10.1093/eurjpc/zwac024
https://doi.org/10.1093/eurjpc/zwac024
https://birmingham.elsevierpure.com/en/publications/8a9a0962-87fb-4c90-b573-1215adb67d22


..

..

..

..

..

..

..

..

..

Sex-specific temporal trends in the incidence

and prevalence of cardiovascular disease in

young adults: a population-based study using

UK primary care data

Kelvin Okoth 1, Francesca Crowe1, Tom Marshall 1, G. Neil Thomas1†,

Krishnarajah Nirantharakumar1,2*†, and Nicola J. Adderley1†

1Institute of Applied Health Research, University of Birmingham, Edgbaston, Birmingham B15 2TT, UK; and 2Centre for Endocrinology, Diabetes and Metabolism, Birmingham
Health Partners, Institute of Metabolism and Systems Research, Edgbaston, Birmingham B15 2TT, UK

Received 9 November 2021; revised 15 January 2022; editorial decision 1 February 2022; accepted 2 February 2022

Aims There is concern that cardiovascular disease (CVD) in young adults is rising. However, current trends in the UK
are unknown. We investigated sex-specific trends in the incidence and prevalence of CVD in young UK adults.

...................................................................................................................................................................................................
Methods
and results

A series of annual (1998–2017) cohort and cross-sectional studies were conducted to estimate incidence rates and
prevalence in men and women aged 16–50. Joinpoint regression models were fitted to evaluate changes in trends.
From 1998 to 2017, incidence and prevalence had an overall downward trend for ischaemic heart disease (IHD)
and angina, while coronary revascularization, stroke/transient ischaemic attack (TIA), and heart failure (HF) had an
upward trend in both sexes. Myocardial infarction (MI) trends were stable in men and increased in women. For in-
cidence, the average annual percentage change (AAPC) for men vs. women, respectively, was IHD �2.6% vs.
�3.4%; angina �7.0% vs. �7.3%; MI 0.01% vs. 2.3%; revascularization 1.1% vs. 3.9%; stroke/TIA 1.9% vs. 0.6%; HF
5.6% vs. 5.0% (P for trend <0.05 for all except MI and revascularization in men and stroke/TIA in women). For
prevalence, AAPCs for men vs. women, respectively, were IHD �2.8% vs. �4.9%; angina �7.2% vs. �7.8%; MI
�0.2% vs. 2.0; revascularization 3.2% vs. 4.1%; stroke/TIA 3.1% vs. 3.6%; HF 5.0% vs. 3.0% (P for trend <0.05 for all
except MI in men). In recent years, IHD and revascularization trends levelled off, while stroke/TIA and HF trends
increased in both sexes.

...................................................................................................................................................................................................
Conclusion Overall trends in incidence and prevalence of CVD are worsening in young adults. Factors behind unfavourable

trends warrant investigation and public health intervention.
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Introduction

Cardiovascular disease (CVD) is a leading cause of mortality globally
and remains a persistent public health burden. In Europe, CVD is the
leading cause of premature mortality, accounting for 31% and 26% of
the total deaths in men and women under 65 years.1 Despite

commendable improvements, CVD mortality rates have declined un-
equally in different age groups. Age and sex-disaggregated data from
trend analyses conducted in countries from the western world have
revealed that the rate of decline in CVD burden was sustained in
older adults but had slowed down in younger adults.2–8 Differences
between the sexes were observed, with coronary heart disease
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(CHD) mortality trend stagnating in young women.2 Factors contri-
buting to the slowing down of CVD mortality trends in young adults
are heterogenous. The prevalence of common traditional risk factors,
including obesity and diabetes, has risen globally.9,10 This is com-
pounded by a lack of awareness in young adults regarding CVD and
associated risk factors.11 In addition, biological differences in CVD
risk are under-appreciated in young adults. Age and sex-specific fac-
tors, such as pregnancy complications, which are associated with pre-
mature CVD, place women at a unique disadvantage.12 Premature
CVD translates to young adults living their productive years with ill-
health, persistent disability, and increased economic burden.

Studies focussing on CVD in young UK adults are scarce and lim-
ited to ischaemic heart disease mortality statistics. To address this
gap, we used UK primary care data to examine contemporary trends
in the incidence and prevalence of CVD in young UK adults aged 16–
50 years.

Methods

A series of cross-sectional studies were conducted on 1 January of every
year from 1998 to 2017 to estimate annual prevalence of CVD. Yearly
cohort studies were carried out from 1 January to 31 December over the
same period to calculate annual incidence rates.

Data source
IQVIA Medical Research Data (IMRD), incorporating The Health
Improvement Network (THIN), is a database of electronic health records
contributed to by more than 780 general practices spread across the UK.
THIN is generalizable to the UK population in terms of demographics
and major condition prevalence.13

Practices were eligible for inclusion from the later of 1 year after the
practice commenced using the Vision software system and 1 year after
the practice met acceptable mortality reporting to maximize data
quality.14

Study population
Participants aged 16–50 years were eligible for inclusion. Participants
must have been registered with an eligible practice for >_1 year before
study entry to ensure documentation of all important patient data. Study
period was from 1 January 1998 to 31 December 2017. Study participants
were eligible to enter at the latest of their 16th birthday, study start date
(1 January 1998) and 1 year after joining an eligible practice. Participants
were censored when they reached 50 years of age.

Case definition of cardiovascular diseases
Diagnoses and other health-related concepts are recorded in UK pri-
mary care using the Read code terminology.15 The relevant cardiovas-
cular disease Read codes were selected through a meticulous process
described in Supplementary material online, Methods. Cardiovascular
diseases of interest included: stroke/transient ischaemic attack (TIA),
heart failure (HF), revascularization procedures [coronary bypass
graft (CABG) and percutaneous coronary intervention (PCI)] and is-
chaemic heart disease (IHD), including its subtypes angina and myo-
cardial infarction (MI). Cardiovascular conditions are part of the
Quality and Outcomes Framework and are well recorded in UK pri-
mary care.16

Analysis
A detailed description of the analysis is found in the Supplementary ma-
terial online, Methods. Briefly, annual prevalence (per 100 000 population)
and incidence rate (per 100 000 person-years) were calculated for eligible
males and females separately, and separately for each cardiovascular dis-
ease. The changes in incidence and prevalence trend over time were ana-
lysed using Joinpoint software (V.4.8.0.1).17 Joinpoint software takes the
trend data and fits the simplest model that the data allow.17,18 Bayesian in-
formation criterion was used to identify the optimal model that fitted the
data best. The programme calculates annual percentage change (APC)
and the corresponding 95% confidence interval (95% CI) for any identi-
fied segment to estimate the change in slope between a preceding join-
point and the next.19 The rate of change in slope for the entire study
period was summarized by the average APC (AAPC) and 95% CI.20

Results

Among the registered practices, there were a total of 317 344 adults
aged 16–50 at the beginning of 1998. There were 160 714 (50.6%)
males and 156 630 (49.4%) females with a male to female ratio of
1.03:1. The total number of eligible adults peaked at 2 248 149 in
2013, before dropping 1 475 946 in 2017. The mean age of both men
and women was 34 years and remained constant over the study
period.

Incidence
Ischaemic heart disease

The crude annual incidence rate of IHD and angina is provided in
Supplementary material online, Table S1. The annual crude incidence
rate of IHD (per 100 000 person-years) decreased from 104.1 in
1998 to 64.1 in 2017 in men, compared to a decrease from 49.4 in
1998 to 24.9 in 2017 in women (Figure 1). Overall, the rate of decline
of IHD incidence was steeper in women (AAPC�3.4%; 95% CI�4.1
to �2.6) compared with men (AAPC �2.6%; 95% CI �3.4 to �1.8)
(Figure 3A). Changes in the magnitude and direction of the trend
were detected by joinpoint analysis. Between 1998 and 2008, the de-
cline in IHD incidence was greater in women (APC �6.7%; 95% CI
�7.7 to �5.7) compared with men (APC �4.0%; 95% CI �5.1 to
�2.9). After 2008, a slowing down of trend was observed in both
sexes with the direction of trend sustained in men (APC�1.1%; 95%
CI �2.4 to 0.2), but a reversal of trend emerged in women (APC
0.5%; 95% CI �0.8 to 1.7) (Supplementary material online, Table S2
and Figure S1). However, these later changes were not statistically dif-
ferent from a 0% APC.

Angina

Examination of the trend by subtypes of IHD revealed that the
descending IHD incidence trend was mainly driven by falls in angina
incidence. The annual incidence (per 100 000 person-years) of angina
fell from 64.1 in 1998 to 15.4 in 2017 in men (AAPC �7.0%; 95% CI
�9.2 to�4.8), compared to a fall from 37.5 in 1998 to 7.7 in 2017 in
women (AAPC�7.3%; 95% CI�10.5 to�4.0) (Figures 1 and 3A and
Supplementary material online, Table S2). From 1998 to 2002, a sta-
ble trend in angina incidence was exhibited in both men (APC
�1.9%; 95% CI�8.9 to 5.7) and women (APC�6.6%; 95% CI�16.1
to 4.0). This was followed by a significant decline from 2002 to 2007
with an APC of �19.9% (95% CI �25.6 to �13.8) per year in men
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..compared with an APC decrease of�17.9% per year (95% CI�26.3
to �8.6) in women. However, after 2007, the trend slowed down in
both men (APC �1.9%; 95% CI �3.7 to �0.1) and women (APC
�1.8%; 95% CI�4.3 to 0.9) (Supplementary material online, Table S2
and Figure S1).

Myocardial infarction

Supplementary material online, Table S3 provides the annual inci-
dence of MI. The crude incidence (per 100 000 person-years) of MI
decreased from 46.1 in 1998 to 44.5 in 2017 in men, compared to an
increase from 9.8 in 1998 to 17.1 in 2017 in women (Figure 1). This
was reflected in a significant AAPC increase of 2.3% per year (95% CI
1.4 to 3.2) in women compared with the stable trend in men (AAPC
0.01%; 95% CI �0.5 to 0.5) (Figure 3A). For the entire study period,

no changes in the incidence trends of MI were detected in either men
or women (APC = AAPC).

Coronary revascularization

The crude annual incidence rates of revascularization procedures are
provided in Supplementary material online, Table S3. The annual inci-
dence (per 100 000 person-years) of revascularization procedures
rose from 26.2 in 1998 to 30.0 in 2017 in men, compared to a rise
from 4.6 in 1998 to 7.2 in 2017 in women (Figure 1). This represented
an AAPC of 1.1% (95% CI�0.2 to 2.5) per year in men compared to
an AAPC of 3.9% (95% CI 1.0 to 6.8) per year in women (Figure 3A).
In men, the incidence trend of revascularization procedures
increased by an APC of 5.5% per year (95% CI 1.5 to 9.7) between
1998 and 2004 before flattening after 2004 (APC �0.8%; 95% CI
�2.0 to 0.4). In women, the incidence trend of revascularization

Figure 1 Annual incidence trend (per 100 000 person-years) of cardiovascular conditions in young men and women in the UK: 1998–2017. (A)
Ischaemic heart disease. (B) Angina. (C) Myocardial infarction. (D) Revascularization procedures (coronary bypass graft and percutaneous coronary
interventions). (E) Stroke and transient ischaemic attack. (F) Heart failure.
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procedures increased by an APC of 8.3% (95% CI 3.4 to 13.5) per
year between 1998 and 2007 before plateauing after 2007 (APC
0.01%; 95% CI�3.9 to 4.1) (Supplementary material online, Table S2
and Figure S1).

Stroke/transient ischaemic attack

The crude annual incidence rates of stroke/TIA are provided in
Supplementary material online, Table S4. The annual incidence (per
100 000) of stroke/TIA ranged from 32.2 in 1998 to 45.2 in 2017
(AAPC 1.9%; 95% CI 1.0 to 2.9) in men, compared to 7.0 in 1998 to
35.5 in 2017 (AAPC 0.6%; 95% CI �0.7 to 1.9) in women (Figures 1
and 3A). The incidence trend of stroke/TIA remained stable between
1998 and 2006 in both males (APC 0.6%; 95% CI �1.2 to 2.5) and
females (APC �1.2%; 95% CI �3.7 to 1.5). After 2006, the increase
in stroke/TIA incidence was higher in males at an APC of 2.9% (95%
CI 1.7 to 4.1) per year compared with an APC 1.9% (95% CI 0.2 to
3.6) per year in females (Supplementary material online, Table S2 and
Figure S1).

Heart failure

The crude annual incidence rates of HF are provided in
Supplementary material online, Table S4. The annual incidence (per
100 000 person-years) of HF increased from 11.9 in 1998 to 28.3 in
2017 (AAPC 5.6%; 95% CI 2.2 to 5.8) among men, and from 6.2 in
1998 to 15.9 in 2017 (AAPC 5.0%; 95% CI 2.7 to 8.5) among women
(Figures 1 and 3A). In men, the incidence rate of HF increased steeply
by an APC of 8.3% (95% CI 3.2 to 13.6) per year from 1998 to 2004.
This was followed by a flattening of the trend from 2004 to 2009
(APC �1.8%; 95% CI �10.2 to 7.4) which was later followed by a
rapid APC increase of 8.3% (95% CI 5.0 to 11.8) per year after 2009.
In women, a stable trend in HF incidence was exhibited between
1998 and 2004 (APC 0.2%; 95% CI �3.0 to 3.5). However, after
2009, HF incidence rapidly increased at an APC of 11.9% per year
(95% CI 6.2 to 17.9) (Supplementary material online, Table S2 and
Figure S1).

Prevalence
Ischaemic heart disease

The crude annual prevalence of IHD and angina is provided in
Supplementary material online, Table S5. The annual prevalence (per
100 000 population) of IHD decreased from 655.8 in 1998 to 370.6
in 2017 in men, compared to a decrease from 341.6 in 1998 to 129.8
in 2017 in women (Figure 2). This translated to an AAPC of �2.8%
(95% CI �3.3 to �2.3) per year in men, compared to an AAPC of
�4.9% (95% CI �5.9 to �3.9) per year in women (Figure 3B). There
was a significant decline in the prevalence of IHD between 1998 and
2011 in both men and women. In men, the prevalence of IHD
decreased from 1998 to 2001 (APC �5.9%; 95% CI �8.5 to �3.2),
followed by a slowing down in trend from 2001 to 2011 (APC
�2.9%; 95% CI �3.4 to �2.4). In women, the prevalence of IHD
declined from 1998 to 2002 (APC �9.1%; 95% CI �12.5 to �5.5),
followed by a slowing down in trend from 2002 to 2011 (APC
�4.9%; 95% CI �6.2 to �3.7). However, the period from 2011 on-
wards was characterized by a levelling off in IHD prevalence trends in
both men (APC �0.9%; 95% CI �1.9 to 0.0) and women (APC

�2.0%; 95% CI�4.0 to 0.1) (Supplementary material online, Table S6
and Figure S2).

Angina

The prevalence (per 100 000) of angina declined from 413.8 in 1998
to 94.6 in 2017 in men (AAPC �7.2%; 95% CI �8.1 to �6.3), com-
pared to a decrease from 243.3 in 1998 to 51.5 in 2017 (AAPC
�7.8%; 95% CI �9.8 to �6.3) in women (Figures 2 and 3B and
Supplementary material online, Table S5). In men, angina prevalence
declined with an APC of�5.7% (95% CI�7.0 to�4.3) per year from
1998 to 2005, �10.4% (95% CI �12.5 to �8.3) per year from 2005
to 2011, and �5.7% (95% CI �7.4 to �4.0) per year from 2011 to
2017. In women, the prevalence of angina declined with an APC of
�6.6% (95% CI �8.3 to �4.9) from 1998 to 2006, �12.1% (95% CI
�16.6 to �7.3) per year from 2006 to 2011, and �5.7% (95% CI
�8.3 to �3.0) per year from 2011 to 2017 (Supplementary material
online, Table S6 and Figure S2).

Myocardial infarction

The crude annual prevalence rates of MI are provided in
Supplementary material online, Table S7. Prevalence (per 100 000) of
MI ranged from 276.3 in 1998 to 253.2 in 2017 in men, compared to
55.5 in 1998 to 74.6 in 2017 in women (Figure 2). This was reflected
in the stable trend (AAPC �2.0%; 95% CI�0.8 to 0.4) noted in men
compared to a gradual increase (AAPC 2.0%; 95% CI 1.3 to 2.6) in
women (Figure 3B). A closer examination of MI prevalence trend in
men revealed a significant decline from 1998 to 2001 (APC �5.2%;
95% CI�8.0 to�2.3), followed by a stable trend from 2001 to 2008
(APC 0.2%; 95% CI�0.8 to 1.3), and an upward trend from 2008 on-
wards (APC 1.2%; 95% CI 0.6 to 1.7). In women, the prevalence of MI
was stable from 1998 to 2005 (APC 0.5%; 95% CI �1.1 to 2.1), fol-
lowed by an upward trend from 2005 onwards (APC 2.8%; 95% CI
2.1 to 3.5) (Supplementary material online, Table S6 and Figure S2).

Coronary revascularization

The crude annual prevalence of revascularization procedures is pro-
vided in Supplementary material online, Table S7. The prevalence
(per 100 000) of revascularization procedures increased by an AAPC
of 4.1% (95% CI 3.2 to 4.9) per year in men, from 90.8 in 1998 to
150.8 in 2017, compared to an AAPC increase of 3.2% (95% CI 2.8 to
3.6) per year in women, from 20.4 in 1998 to 40.5 in 2017 (Figures 2
and 3B). In men, the prevalence trend of revascularization proce-
dures was characterized by an APC increase of 5.5% (95% CI 4.7 to
6.3) per year between 1998 and 2006, followed by slowing down of
trend to a 1.5% (95% CI 1.1 to 2.0) APC increase after 2006. In
women, the prevalence of revascularization procedures increased by
an APC of 4.7% (95% CI 4.0 to 5.5) per year from 1998 to 2011, fol-
lowed by a slowing down of trend to a 2.6% (95% CI 0.3 to 5.0) APC
increase after 2011 (Supplementary material online, Table S6 and
Figure S2).

Stroke/transient ischaemic attack

The crude annual prevalence of stroke/TIA is provided in
Supplementary material online, Table S8. The prevalence (per
100 000) of stroke/TIA ranged from 211.6 in 1998 to 358.7 in 2017
(AAPC 3.1%; 95% CI 2.6 to 3.5) in men, and from 194.7 in 1998 to

4 K. Okoth et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/eurjpc/advance-article/doi/10.1093/eurjpc/zw
ac024/6525229 by U

niversity of Birm
ingham

 user on 24 M
arch 2022

https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data
https://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac024#supplementary-data


..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

.
389.8 in 2017 (AAPC 3.6% 95% CI 3.2 to 4.1) in women (Figures 2
and 3B). In men, the trend in stroke prevalence was stable until 2001
(APC�0.9%; 95% CI�2.9 to 1.3). This was followed by a 2.3% (95%
CI 1.6 to 3.0) APC increase between 2001 and 2008 and a 5.0% (95%
CI 4.6 to 5.4) APC increase after 2008. In women, the prevalence
trend of stroke was characterized by a steep increase (APC 3.6%;
95% CI 2.6 to 4.7) between 1998 and 2003, followed by further accel-
eration of pace (APC 5.2% 95% CI 4.7 to 5.7) from 2009 onwards
(Supplementary material online, Table S6 and Figure S2).

Heart failure

The crude annual prevalence of HF is provided in Supplementary ma-
terial online, Table S8. The crude prevalence (per 100 000) of HF
increased from 75.6 in 1998 to 182.3 in 2017 in men (AAPC 5.0%;
95% CI 4.0 to 6.1), compared to an increase from 63.8 in 1998 to
114.4 in 2017 in women (AAPC 3.0%; 95% CI 2.4 to 3.5) (Figures 2

and 3B). Heart failure prevalence trend in men was characterized by
a steep increase (APC 4.5%; 95% CI 4.0 to 5.5) from 1998 until 2014,
which subsequently doubled in magnitude (APC 8.1%; 95% CI 1.6 to
15.0) from 2014 onwards. In women, the prevalence of HF exhibited
a significant increase from 1998 to 2002 (APC 2.8%; 95% CI 0.8 to
4.8), followed by a stable trend from 2002 to 2010 (APC 0.8%; 95%
CI�0.1 to 1.6) and a steep upward trend after 2010 (APC 5.7%; 95%
CI 4.8 to 6.5) (Supplementary material online, Table S6 and Figure S2).

Discussion

We examined sex-specific temporal trends in the incidence and
prevalence of CVD in young adults using UK primary care data.
Generally, trends were similar between men and women, with the
burden of CVD greatest in men compared with women. Overall,

Figure 2 Annual prevalence trend (per 100 000 population) of cardiovascular conditions in young men and women in the UK: 1998–2017. (A)
Ischaemic heart disease. (B) Angina. (C) Myocardial infarction. (D) Revascularization procedures (coronary bypass graft and percutaneous coronary
interventions). (E) Stroke and transient ischaemic attack. (F) Heart failure.
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..from 1998 to 2017, for both incidence and prevalence analyses, IHD
exhibited descending trends while revascularization procedures,
stroke/TIA, and HF showed ascending trends. Examination of trends
by subtypes of IHD revealed that the fall in angina rates was the

principal driver of IHD trend. Myocardial infarction exhibited an up-
ward trend in women but remained stable in men.

Joinpoint analyses captured several notable changes in the magni-
tude and direction of trends in recent years. In both men and women,

A

IHD Angina MI CABG/PCI Stroke/TIA Heart Failure
Men: AAPC
(95%CI) -2.6 (-3.4 to -1.8) -7.0 (-9.2 to -4.8) 0.1 (-0.5 to 0.5) 1.1 (-0.2 to 2.5) 1.9 (1 to 2.9) 5.6 (2.7 to 8.5)
Women: AAPC 
(95%CI) -3.4 (-4.1 to -2.6) -7.3 (-10.5 to-4) 2.3 (1.4 to 3.2) 3.9 (1 to 6.8) 0.6 (0.7 to 1.9) 5 (2.2 to 7.8)

B

IHD Angina MI CABG/PCI Stroke/TIA Heart Failure
Men: AAPC
(95%CI) -2.8 (-3.3 to -2.3) -7.2 (-8.1 to -6.3) -0.2 (-0.8 to 0.4) 3.2 (2.8 to 3.6) 3.1 (2.6 to 3.5) 5.0 (4.0 to 6.1)

Women: AAPC 
(95%CI) -4.9 (-5.9 to -3.9) -7.8 (-9.3 to-6.3) 2.0 (1.3 to 2.6) 4.1(3.2 to 4.9) 3.6 (3.2 to 4.1) 3.0 (2.4 to 3.5)

Figure 3 Average annual percentage change in crude incidence (A) and prevalence (B) of cardiovascular disease in young UK adults (16–50 years),
1998–2017.
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.
the period after 2008 was characterized by a slowing down of angina
and IHD incidence trends with a small albeit non-significant reversal
of IHD trend detected in women. A flattening of incidence trends
was detected for revascularization procedures after 2004 and 2007
in men and women, respectively. For stroke/TIA, the period after
2006 was characterized by a significant rise in incidence trends in
both men and women compared to the stable trends noted before
this period. For HF, the period after 2009 was characterized by steep
increases in incidence trends in both men and women. Overall,
prevalence trends paralleled incidence trends for all cardiovascular
conditions except stroke/TIA prevalence rates which were marginally
higher in women compared with men.

Literature on incidence and prevalence trends in CVD in young UK
adults is sparse. Supplementary material online, Table S9 highlights the
comparisons of trends with findings from selected existing literature.
Direct comparisons are challenging due to methodological differences
in the definition of young adults, disparities in the source population
(community vs. hospital setting), and differences in study periods. The
declining IHD observed in this study aligns with the overall findings
from existing UK literature.21,22 Between 2000 and 2010, among UK
adults aged >30 years, Bhattarai et al.21 noted similar trends in the inci-
dence of IHD in both sexes. Additionally, our study observed a slowing
down in IHD trends in recent years. These findings complement
reports from studies from the USA and Western Europe which noted
similar decelerations in IHD trends (Supplementary material online,
Table S9).2,3,6,23 Moreover, Bhattarai et al.21 reported that between
2000 and 2010, there was a significant decline in the incidence of an-
gina, while the incidence of MI and revascularization procedures
remained unchanged. Our study provides additional evidence that the
falling angina rates were the principal drivers of IHD trends. This study
identified that the incidence and prevalence of MI significantly increased
in women and remained stable in men. These findings echo similar om-
inous trends observed among women from Australia, Canada, and the
USA (Supplementary material online, Table S9).24–28

Studies examining sex-specific trends in revascularization proce-
dures in young adults are limited. Recent studies conducted in the
USA noted that there was a downward trend in incidence of coron-
ary revascularization procedures.29–31 Dani et al. reported that be-
tween 2004 and 2008, the volume of CABG procedures was on a
downward trend among US adults aged 18–45. The greater burden
of revascularization procedures among women compared with men
in this study may be attributable to the concurrent rise in the inci-
dence of MI (Supplementary material online, Table S9).

We noted that men had slightly higher incidence rates of stroke/
TIA overall, while women had reported higher prevalence rates of
stroke/TIA. Studies examining sex-specific temporal trends in stroke
report inconsistent results, with some studies reporting no differ-
ence. Other studies noted differences in particular age categories,
while some studies report a higher incidence in specific genders.32 A
study examining stroke incidence in young adults from 15 European
countries noted a female predominance below 34 years, while male
predominance was noted at ages 40–49 years.33 A Dutch study noted
that the incidence of stroke in young adults was higher in females
than in males.32 Despite inconsistent results on sex differences in the
burden of stroke, our study concurs with the reports of increased

stroke incidence in young adults noted in previous literature
(Supplementary material online, Table S9).32–35

This study supports findings of rising HF incidence rates noted in
cohorts from Denmark, Sweden, and the USA. However, these stud-
ies were limited by a lack of sex-specific data (Supplementary material
online, Table S9).36–38

The factors behind unfavourable trends in CVD among young UK
adults are unclear but are possibly multifactorial. The risk of CVD
increases with increasing age. Throughout the study period, the mean
population age remained constant. Therefore, the unfavourable trends
observed in this study are unlikely to be attributable to population age-
ing. The latest data from Health Survey England shows that the preva-
lence (1993–2019) of obesity and diabetes mellitus is on an upward
trend, while smoking and alcohol consumption are on a downward
trend in men and women aged over 16 years.39 Also, the proportion of
adults with untreated hypertension has been on a downward trend
since 2003. The unfavourable trends in cardiovascular conditions noted
in the present study parallel the rising prevalence of obesity and dia-
betes mellitus. Examination of recent reports on CVD morbidity
trends reveals that the incidence and prevalence trends (2005–17) for
all cardiovascular conditions are on a downward trend in older adults
(>65 years).40 Although strategies for the primary prevention of car-
diovascular disease are the same across all age groups, the disparities in
CVD morbidity trends between older adults and young adults war-
rants investigation. The unfavourable trends reported in this study sug-
gest that young adults are less responsive to strategies for primary
prevention of CVD. The variations in the impact of traditional risk fac-
tors may explain differences between sexes. Age, total cholesterol,
low-density lipoprotein, and hypertension have a more significant effect
on men. Diabetes, smoking, systolic arterial hypertension, triglycerides,
and high-density lipoprotein levels have a greater impact in women.41

During the study period, we observed a stable trend in MI in men and
an upward trend in women. A study conducted using UK Biobank data
showed that diabetes mellitus (type 1 or 2), current smoking, and sys-
tolic blood pressure were associated with an excess risk of MI in
women.42 Socioeconomic deprivation could also be a key factor in
young adults. A large perspective cohort study conducted in 20 low-,
middle-, and high-income countries found that low levels of education
rather than household wealth was the marker of socioeconomic status
associated with major cardiovascular events in all the countries
studied.43 O’Flaherty et al.44 noted that the flattening of CHD mortality
trends in young Scottish adults was restricted to the most deprived
groups. The adverse trends reported in this study may be partly influ-
enced by young materially-deprived adults who not only lead unhealthy
lifestyles but have a low level of awareness or education regarding pri-
mary prevention of CVD.

Sex-specific factors disadvantage women. Female reproductive
complications including adverse pregnancy outcomes and reproduct-
ive endocrine factors enhance the risk of premature cardiovascular
disease.12,45 Results from an exploratory analysis of ecological data
found that countries with higher rates of pre-term delivery had higher
rates of stroke (correlation coefficient; r = 0.65).46 The prevalence of
several of these reproductive factors is on an upward trend in high-
income countries and may influence the rising trend of CVD in young
women.47,48 It is commonly accepted that endogenous oestrogen
delays onset of CVD in premenopausal women; ovarian dysfunction
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may therefore impact CVD in women aged >45. However, evidence
on the cardioprotective effects of oestrogen is debated and
epidemiological evidence does not support an acceleration of CVD
risk in women at menopause.49,50 Furthermore, the average age
of onset of menopause is 51, which is after the upper age cut-off for
our study.

Strengths and limitations
This study has several strengths. The long-term follow-up covering
20 years allowed detailed analysis of the changes in CVD morbidity
trends. Compared to qualitative descriptions, the use of joinpoint
regression is an unbiased quantitative technique used to detect
changes in trend. Analysis of temporal trends was based on a pri-
mary care database that is representative of the UK population.
However, some potential limitations need highlighting. First, al-
though diagnoses for MI and other cardiovascular conditions are
well-recorded in UK primary care, the sole use of primary care
data compared with linked primary and secondary care data
underestimates crude incidence rates.51 Second, our analysis is
descriptive in nature. The relationship between risk factors and
cardiovascular disease trend was beyond the scope of this study.
Third, analysis of temporal trends in this study was limited to
young adults. Comparisons with older populations were beyond
the scope of this study.

Implications for policy and future
research
The adverse trends in this study suggest an increased burden of CVD
in the future as the young UK population ages. Future research
should focus on identifying factors behind unfavourable trends in
CVD morbidity. Public health interventions are needed to stem the
ominous trends.

Conclusion

From 1998 to 2017, among young UK adults, the incidence and
prevalence of IHD and angina exhibited a downward trend, while
revascularization procedures, stroke/TIA, and HF exhibited an overall
upward trend. Myocardial infarction trends remained stable in men
but significantly increased in women. Several noteworthy changes in
trend were detected over the period. In recent years, in both sexes, a
levelling off in trends of IHD and revascularization procedures was
detected, while stroke/TIA and HF trends exhibited significant
increases. The factors behind the unfavourable trends warrant urgent
investigation and intervention.

Patient and public involvement

No patients or the public were involved in the study.

Supplementary material

Supplementary material is available at European Journal of Preventive
Cardiology online.
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