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20-Year Population-Based Trends by Sex, Socioeconomic Status, and Ethnicity
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BACKGROUND: There are multiple risk factors for heart failure, but contemporary temporal trends according to sex, socioeconomic
status, and ethnicity are unknown.

METHODS: Using a national UK general practice database linked to hospitalizations (1998-2017), 108638 incident heart
failure patients were identified. Differences in risk factors among patient groups adjusted for sociodemographic factors and
age-adjusted temporal trends were investigated using logistic and linear regression.

RESULTS: Over time, a 5.3 year (95% Cl, 5.2-5.5) age difference between men and women remained. Women had higher
blood pressure, body mass index, and cholesterol than men (P<0.0001). Ischemic heart disease prevalence increased for
all to 2006 before reducing in women by 0.5% per annum, reaching 42.7% (95% Cl, 41.7-43.6), but not in men, remaining
at 57.7% (95% Cl, 56.9-58.6; interaction P=0.002). Diabetes mellitus prevalence increased more in men than in women
(interaction A<0.0001). Age between the most deprived (74.6 years [95% Cl, 74.1-75.1]) and most affluent (79.9 [95% Cl,
79.6-80.2]) diverged (interaction A<0.0001), generating a 5-year gap. The most deprived had significantly higher annual
increases in comorbidity numbers (+0.14 versus +0.11), body mass index (+0.14 versus +0.11 kg/m?), and lower smoking
reductions (—1.2% versus —1.7%) than the most affluent. Ethnicity trend differences were insignificant, but South Asians
were overall 6 years and the black group 9 years younger than whites. South Asians had more ischemic heart disease
(+16.5% [95% Cl, 14.3-18.6]), hypertension (+12.5% [95% ClI, 10.5-14.3]), and diabetes mellitus (+24.3% [95% CI,
22.0-26.6]), and the black group had more hypertension (+12.3% [95% Cl, 9.7—14.8]) and diabetes mellitus (+13.1% [95%
Cl, 10.1-16.0]) but lower ischemic heart disease (—10.6% [95% Cl, —13.6 to —7.6]) than the white group.

CONCLUSIONS: Population groups show distinct risk factor trend differences, indicating the need for contemporary tailored
prevention programs.
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tions in aging populations globally," with increas-

ing burden and costs projected over the next 2
decades.? HF is a complex clinical syndrome with sex,?
socioeconomic,* and ethnic®® disparities. HF results
from several different etiological pathways, each influ-
enced by wide-ranging individual, clinical, and environ-
mental risk factors. Reasons for group disparities in
the burden and outcomes of HF are multifactorial but
likely include variations in genetic, environmental, and

Heart failure (HF) is reaching epidemic propor-

physiological susceptibility to different pathophysiologi-
cal mechanisms, increased exposure to risk factors, and
decreased access to health care.

To stem epidemic growth, public health approaches
need to be responsive to social and population dynam-
ics and to target the highest risk groups with tailored
prevention strategies that include the most relevant and
potentially modifiable risk factors. Yet, contemporary pop-
ulation-based trend data on known risk factors among
different population groups with new HF are scarce.
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WHAT IS NEW?

* Following an initial increase in ischemic cause of
HF, the figures are now falling for women, whereas
remaining stable in men. Number of comorbidities
is increasing faster per annum for women than men.

* Difference in age at HF diagnosis between the
most affluent and most deprived is widening, with
the most deprived group becoming younger at the
same rate as the most affluent group are aging.
Increasing differences in prevalence of comorbidi-
ties and cardiovascular risk factors are also appar-
ent with the most deprived at significantly increasing
higher risk than the most affluent.

* South Asian and black groups are younger at HF
onset than whites with higher prevalence of cardio-
metabolic comorbidities.

WHAT ARE THE CLINICAL IMPLICATIONS?

* Decreasing prevalence of cardiovascular risk fac-
tors and increasing prevalence of comorbidities
before HF onset indicates a need for earlier patient-
centered multimorbidity care.

* Contemporary tailored HF prevention programs
are required to address group differences and to
target the worse-off groups to abate the alarming
projected increase in HF burden and costs over the
next 2 decades.

Nonstandard Abbreviations and Acronyms

BMI body mass index

CPRD Clinical Practice Research Datalink
HES hospital episodes statistics

HF heart failure

IHD ischemic heart disease

Prior work has focused on overall trends in HF risk fac-
tors, which fails to delineate patterns among groups,” or
on subgroups at single time-points#® which lack impor-
tant information on changing demography. Using large
linked national UK clinical databases, this study aimed to
investigate differences in risk factors among groups with
new-onset HF in the United Kingdom, by sex, socioeco-
nomic status, and ethnicity and temporal changes over 2
decades.

METHODS

Study Population

We used the Clinical Practice Research Datalink (CPRD),
the largest anonymized database of routinely collected pri-
mary care records globally, linked to hospital episode statis-
tics (HES) and Index of Multiple Deprivation data. The CPRD
includes =7% of the UK general population from general
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practices that have consented to contribute data. Included
patients have been found to be representative of the general
population in terms of the age, sex, and ethnicity.'® Data is
collected longitudinally from a patient's first registration with
their general practice until they transfer out or die and includes
their demographic information, clinical consultations, referrals,
prescriptions, tests, and lifestyle information and has been
validated for epidemiological research and coding of clinical
diseases."” HES data contain details of all inpatient and out-
patient admissions to National Health Service healthcare pro-
viders in England, including admission and discharge dates,
diagnoses, and procedures taken.'?

We included all patients aged >30 years who had a first
HF diagnosis recorded in their CPRD or HES record between
January 1, 1998 and July 31, 2017, and were eligible for data
linkage (Figure | in the Data Supplement). Patients in CPRD
were included if they had a Read diagnostic code for HF in
their primary care record. Patients in HES were included if they
had an inpatient HF International Classification of Diseases,
Tenth Revision discharge code in the primary position. Where
patients had HF codes in both datasets, the first was used
as the HF index date. Patients identified in CPRD or HES
were excluded if they were from a general practice that had
not contributed a minimum of 12-months of CPRD assessed
up to standard data, before study entry. We used an updated,
clinically validated HF CPRD code set,'® and International
Classification of Diseases, Tenth Revision codes (Tables | and Il
in the Data Supplement). All patients were deemed acceptable
by CPRD quality control.

Ethical Review

The study protocol was approved by the Independent Scientific
Advisory Committee for data access (Protocol 18_037R).
Ethics approval for the use of CPRD data following approval
from Independent Scientific Advisory Committee is granted by
a national research ethics committee (05/MRE04/87/AMO6).
Although individual patient consent is not required, all data is
deidentified, and patients can opt-out of data contribution.

Data and Materials Access

Dr Lawson had full access to all the data in the study and takes
responsibility for the integrity of the data and the accuracy of
the data analysis. This study is based in part on data from the
Clinical Practice Research Datalink obtained under license
from the UK Medicines and Healthcare products Regulatory
Agency. However, the interpretation and conclusions contained
in this report are those of the authors alone. Data access is
through permissions from CPRD only.

Socioeconomic Status

The patient-level Index of Multiple Deprivation was used as
a measure of socioeconomic status. The English Indices of
Deprivation 2010 are measures of deprivation linked to small
housing areas in England and covering 7 domains.'”* When
domain scores are combined using appropriate weights, a sin-
gle overall Index of Multiple Deprivation is produced, which is
a useful proxy of individual-level deprivation for use in health
research. The score was ranked into quintiles, ranging from
most affluent (quintile 1) to most deprived (quintile 5).
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Ethnicity

Ethnicity classification was based on CPRD and HES recording
using an algorithm, validated against the national UK census
for ethnicity distribution' (Figure Il in the Data Supplement).
Ethnicity was categorized into 3 distinct groups for the analyses,
reflecting the most prevalent ethnic groups in the 2011 census
in England and Wales,'® as follows white, South Asian, or black.
Those coded as mixed, other, or unknown had their ethnicity
status counted as missing. South Asian included Pakistani,
Indian, Bangladeshi, and other Asian ethnic groups, such as
Asian British, whereas black includes African, Caribbean, and
other black groups, such as black British.

Baseline Characteristics

We collected information on ischemic heart disease (IHD) and
myocardial infarction as well as other common comorbidities.
We used Read and International Classification of Diseases,
Tenth Revision codes in CPRD and HES respectively, to ascer-
tain comorbidities recorded up to and including the HF index
date. We also collected information on other risk factors using
the most recent measure before study entry, including current
smoking and alcohol status, body mass index (BMI), systolic
blood pressure, cholesterol, hemoglobin, and estimated glo-
merular filtration rate.

Statistical Analysis

Baseline characteristics are reported as numbers (%) for cat-
egorical variables, mean (SD) for continuous variables, and
median (25th and 75th centiles) for skewed data. Overall dif-
ferences in baseline risk factors between groups were esti-
mated using logistic (binary variables) and linear (continuous
variables) models adjusting for age, sex, socioeconomic status,
ethnicity, and HF diagnosis year. Absolute differences in risk
factors between the group categories were calculated com-
paring female with male, the most deprived with most affluent
and the South Asian and black groups with the white group.
A sensitivity analysis was performed to estimate overall differ-
ences between groups, restricted to patients with a hospital
diagnosis of HF only.

To summarize any temporal changes in risk factors, age-
adjusted logistic (binary variables) or linear (continuous vari-
ables) regression models were used. Estimates were calculated
by sex, socioeconomic status, and ethnicity for 2 time-windows
at the beginning (1998-2002) and end (2013-2017) of the
study time period. To investigate trends more closely, the mod-
els were then fitted with a 3-way interaction term between a
population group, HF diagnosis year, and age. For each group
category, risk factors were estimated for each calendar year
using the mean population age. As some of the continuous
variables were slightly skewed, 1000 bootstrap samples were
used for the linear regression models. Absolute difference and
percentage change in each risk factor between 1998 and
2017 were calculated, as well as mean change per year (trend
slope). Piecewise linear or logistic regressions were performed
using “nl hockey” or “loghockey” commands in Stata-MP 14,
respectively, to identify whether there was a significant change
in a trend slope. Any difference in the rate of change between
group categories was examined visually, by plotting graphs of
predicted risk factors by HF diagnosis year and analytically, by
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the significance level of the coefficient for an interaction term
between the group and HF index year (as a continuous vari-
able) included in the models also containing age.

To estimate proportions following logistic regression and
mean values following linear regression, the “Margins” com-
mand in Stata-MP 14 was used. Margins are statistics cal-
culated from predictions of a previously fit model. With the
exception of age, all estimations were performed at the mean
population aged 78 years. Stata-MP 14 was used for all analy-
ses, and the significance level was set at A<0.05.

RESULTS

Study Population

There were 108638 patients with a new HF diagnosis
during the study time period, 56 294 (51.8) diagnosed in
the community and 52 344 (48.2%) in the hospital, mean
age 778 (11.7) years, 50.0% female, 18.7% in the most
affluent group, and 17.0% in the most deprived (Table 1).
Of the 106374 patients with ethnicity data (Figure | in
the Data Supplement), 97 273 (91%) were white, 1842
(1.7%) South Asian, and 1021 (1.0%) were black. Over-
all, HF patients had a mean of 4 comorbidities at the
time of diagnosis. Most prevalent comorbidities were
hypertension (65%), IHD (509%), chronic kidney disease
(43%), atrial fibrillation (41%), osteoarthritis (36%), dia-
betes mellitus (27%), obesity (23%), cancer (23%), and
depression (22%). Between the first (1998-2002) and
last time-window (2013-2017), systolic blood pres-
sure, cholesterol, and smoking reduced, whereas BMI
increased for all groups.

Overall Differences and 20-Year Trends by Sex

Women were 5 years older than men at HF diagnosis
(mean, 80.4 SD 10.8 versus 75.1 SD 11.9 years; Table 1)
and more likely to be diagnosed in hospital (50.5% ver-
sus 45.9%). The b-year age difference remained follow-
ing adjustment for diagnosis year, socioeconomic status,
and ethnicity (5.3 years [95% Cl, 5.2-5.5]; Table 2). Fol-
lowing the same adjustment, women had 12.6% (95%
Cl, 12.0-13.0) less IHD than men but 0.2 (95% ClI, 0.1-
0.2) more comorbidities (Table 2). For other risk factors,
women were less likely to be a current smoker (19% ver-
sus 249%), but they had significantly higher systolic blood
pressure (140 versus 136 mmHg) and cholesterol (4.8
versus 4.3 mmol/L) than men (Table 1). These differ-
ences remained following adjustment with women also
having higher BMI (all A<0.001, Table 2).

Although the mean increase in age over time was
similar between men and women (interaction P=0.863),
the increasing trend has plateaued since 2011 for
women (Table 3, Figure 1A). Increasing prevalence of
IHD was similar among women and men until 2006 but
then began to diverge with men reaching a plateau and
women experiencing a 0.56% per annum (pa) reduction
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Table 1. Patient Characteristics by Sex, Socioeconomic, and Ethnicity Status
All Missing Men Women Most Affluent |[Most Deprived White South Asian Black
Characteristics (N=108638) (%) (N=54362) (N=54276) (N=20236) (N=18403) (N=97 273) (N=1842) (N=1021)
Age,y 77.8 (11.7) 75.1 (11.9) 80.4 (10.8) 79.2 (11.1) 75.2 (12.5) 77.8 (11.6) 71.7 (12.3) | 68.0 (15.2)
Female 54276 (50%) 9909 (49%) 9334 (51%) | 48364 (50%) | 794 (43%) | 501 (49%)
Most affluent 20236 (19%) 0.2 10327 (19%) | 9909 (18%) 18226 (19%) | 263 (14%) 7 (6%)
Most deprived 18403 (17%) 0.2 9069 (17%) | 9334 (17%) 16339 (17%) | 405 (22%) | 400 (39%)
Community diagnosis | 63879 (58.8) 32998 (60.7) | 30829 (56.8) | 12283 (60.7) | 10490 (57.0) | 56127 (57.7) | 895 (48.6) | 504 (49.4)
Hospital diagnosis 44759 (41.2) 21364 (39.3) | 23447 (43.2) | 7953 (39.3) 7913 (43.0) | 41146 (42.3) | 947 (51.4) | 517 (50.6)
Comorbidities
Number 4.0 (2.0) 3.9 (2.0) 4.1 (2.1) 3.9 (2.0) 2 (2.1) 4.1 (2.0 4.4 (2.0) 4.0 (2.1)
IHD 54673 (50%) 30594 (56%) | 24079 (44%) | 9894 (49%) | 9746 (53%) | 49579 (51%) | 1250 (68%) | 413 (40%)
Ml 28849 (27%) 17791 (33%) | 11058 (20%) | 5271 (26%) | 5134 (28%) | 26308 (27%) | 746 (40%) | 188 (18%)
AF 44163 (41%) 22143 (41%) | 22020 (41%) | 8702 (43%) 6934 (38%) | 41140 (42%) | 486 (26%) | 235 (23%)
Hypertension 70336 (65%) 33794 (62%) | 36542 (67%) | 13124 (65%) | 11897 (65%) | 64085 (66%) | 1464 (79%) | 804 (79%)
Diabetes mellitus | 28984 (27%) 15331 (28%) | 13653 (25%) | 4580 (23%) | 5604 (30%) | 25648 (26%) | 984 (53%) | 448 (44%)
Stroke 13453 (12%) 6831 (13%) 6622 (12%) 2418 (12%) 2376 (13%) | 12132 (12%) | 242 (13%) | 127 (12%)
Anemia 13519 (12%) 5291 (10%) 8228 (15%) 2365 (129%) | 2449 (13%) | 12243 (13%) | 442 (24%) | 156 (15%)
Obesity 25491 (23%) 12930 (24%) | 12561 (23%) | 3919 (19%) | 5090 (28%) | 23455 (24%) | 422 (23%) | 363 (36%)
CKD 46478 (43%) 20493 (38%) | 25985 (48%) | 8001 (44%) | 7251 (39%) | 42207 (43%) | 708 (38%) | 323 (32%)
COPD 20156 (19%) 11162 (21%) | 8994 (17%) | 2834 (14%) | 4687 (25%) | 18640 (19%) | 204 (11%) 0 (9%)
Asthma 19822 (18%) 9273 (17%) | 10549 (19%) | 3262 (16%) | 4055 (22%) | 18109 (19%) | 435 (24%) | 191 (19%)
Depression 24102 (22%) 9537 (18%) | 14565 (27%) | 4065 (20%) | 4556 (25%) | 22140 (23%) | 338 (18%) | 154 (15%)
Osteoarthritis 38624 (36%) 15813 (29%) | 22811 (42%) | 7286 (36%) | 6476 (35%) | 35528 (37%) | 651 (35%) | 311 (30%)
Cancer 24484 (23%) 12629 (23%) | 11855 (22%) | 5081 (25%) | 3466 (19%) | 22906 (24%) | 172 (9%) | 150 (15%)
Dementia 5861 (5%) 2124 (4%) 3737 (7%) 1105 (5%) 907 (5%) 5264 (5%) 62 (3%) 3 (5%)
Smoking 20495 (22%) 12.9 11790 (24%) | 8705 (19%) 2985 (17%) | 4571 (28%) | 17994 (21%) | 265 (16%) | 163 (19%)
BMI, kg/m? 26.8 20.9 27.0 26.6 26.3 274 26.9 26.6 29.0
(23.6-30.8) (24.1-30.6) (23.0-31.2) | (23.4-29.9) | (23.8-31.8) (23.7-31.0) | (23.6-30.4) | (25.2-33.7)
Systolic BP, mmHg 138.1 (21.7) 9.5 135.9 (20.9) 140.3 (22.3) 1376 (21.2) | 138.4 (21.7) 137.7 (21.5) |185.9 (21.0) | 140.2 (21.7)
Cholesterol, mmol/L | 4.5 (3.8-5.4) 39.2 4.3 (3.6-5.1) | 4.8(4.1-5.7) | 45(3.8-5.4) | 45(3.8-5.4) | 4.5(3.8-5.4) 4.3 (3.5-5.1)|4.4 (3.7-5.3)
Hemoglobin, g/dL 13.0 (1.9) 31.9 13.4 (2.0) 12.5(1.7) 13.0 (1.9) 13.0 (1.9) 13.0 (1.9) 12.5(1.9) 12.5(1.9)
eGFR, mL/ 61.7 (20.4) 25.0 64.0 (20.6) 59.3 (20.0) 60.8 (19.8) 63.4 (21.2) 61.5 (20.4) 63.8 (22.0) | 68.6 (24.6)
(min-1.73 m?)

Data are reported as number of patients (%) or mean (SD) or median (25th and 75th centile). AF indicates atrial fibrillation; BMI, body mass index; BP, blood
pressure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; IHD, ischemic heart disease; and

MI, myocardial infarction.

thereafter (interaction P=0.002, Table 3; Figure 1B).
The number of comorbidities at HF onset increased at
a faster rate in women (+0.20; pa) compared with men
(+0.16 pa) until 2007, before slowing to a similar growth
rate afterward (+0.07 pa), but without convergence
(Table 3, Figure 2A).

For specific comorbidities, men had higher preva-
lence of atrial fibrillation, stroke, chronic obstructive
pulmonary disease, and cancer than women, with simi-
lar growth rates over time (Table IV in the Data Sup-
plement). Men also had higher prevalence of diabetes
mellitus, which increased at a significantly faster rate
than in women (0.7% versus 0.56% pa), showing signifi-
cant separation of trend lines after 2009 (Figure 2B).
Women had higher levels and significantly faster
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increasing rates of iron deficiency anemia (Figure 2C),
asthma, and osteoarthritis than men. Prevalence of
depression (Figure 2D) and obesity remained con-
stantly higher in women than men over time. Prevalence
of hypertension was also higher in women than men but
has since converged due to greater increasing rates in
men (Table IV in the Data Supplement).

Overall Differences and 20-Year Trends by
Socioeconomic Status

At HF diagnosis, the most deprived group were 4 years
younger than the most affluent group (mean, 75.2 SD

12.5 versus 79.2 SD 11.1 years; Table 1), which remained
following adjustment for sex, ethnicity, and diagnosis
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Table 2. Adjusted Group Differences
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Comorbidities Systolic, Cholesterol, | Hemoglobin, | eGFR, mL/
Age, y (N) IHD, % Smoking, % mmHg BMI, kg/m? mmol/L gdL (min-1.73 m?)
Male Ref Ref Ref Ref Ref Ref Ref Ref Ref
Female 5.3 0.2 —12.6 —2.1 3.6 0.3 0.6 —0.7 —1.1
(5.2 to 5.5) (0.1t00.2) |(—18.0to —12.0)| (—2.6 to —1.6) | (3.4 t0 3.8) (0.3 t0 0.4) (0.6 t0 0.6) | (—0.8to—0.7) | (—1.3 to —0.9)
Most affluent Ref Ref Ref Ref Ref Ref Ref Ref Ref
Most deprived —3.8 0.4 4.9 8.0 0.4 0.8 —0.1 —0.1 —0.1
(—4.0 to —3.5) (0.4 t0 0.4) (3.9t0 5.8) (72t08.9) |(—0.1t00.9)| (0.7t0 1.0) | (—0.1t0—0.1) | (—0.1 to —0.0) | (—0.6 to 0.3)
White Ref Ref Ref Ref Ref Ref Ref Ref Ref
South Asian 5.7 0.1 16.5 —6.4 0.9 —-1.4 —-0.3 —0.7 -1.7
(—6.2t0—5.2) | (0.1 t0 0.2) (14.3t0 18.6) | (—8.0to —4.9) | (—0.1 t0 2.0) | (—1.7 to —1.1) | (0.3 to —0.2) | (—0.8 to —0.6) | (—2.7 to —0.8)
Black —9.0 —0.3 —10.6 —7.3 5.3 0.02 —0.1 —0.8 0.6
(—9.9t0—8.2) | (-0.4 to —0.2) | (—13.6 to —7.6) | (—9.2 to —5.3) | (3.81t0 6.9) | (—0.4 to 0.4) |(—0.2 to —0.02)| (0.9 to —0.7) | (—0.9 to 2.0)

All group differences adjusted for age, sex, socioeconomic status, ethnicity, and HF index year. BMI indicates body mass index; eGFR, estimated glomerular filtration

rate; and IHD, ischemic heart disease.

year (Table 2). The most deprived group had an adjusted
4.9% (3.9-6.0) higher prevalence of IHD than the most
affluent group and 0.4 (0.4-0.4) more comorbidities
(Table 2). Prevalence of current smoking was 28% in the
most deprived compared with 17% in the most affluent
(Table 1) with an 8.0% (7.2-8.9) difference remaining fol-
lowing adjustment (Table 2). The deprived group also had
a 0.8 kg/m? (0.7-1.0) higher BMI than the most affluent
group (Table 2). For each lower quintile of socioeconomic
status, there was a significant reduction in age at diagno-
sis and a significant increase in number of comorbidities,
BMI, and prevalence of IHD and smoking (Table Il in the
Data Supplement).

Over time, age in the most affluent group increased
at a similar annual rate (1 month pa) as it reduced in
the most deprived group (Table 3). This divergence is
most marked after 2006, following an accelerated age
increase in the most affluent group (Figure 1A). Despite
their reducing age, the most deprived group had a faster
growth rate in the number of comorbidities than the most
affluent, increasing from a difference of 0.2 in 1998 to
2002 (3.1; 3.1-3.2 versus 2.9; 2.9-3.0 comorbidities,
respectively) to 0.6 by 2013 to 2017 (5.1; 5.1-5.2 ver-
sus 4.5; 4.4-4.5; Table 3, Figure 2A). The most deprived
group also had significantly slower annual reduction
rates in smoking before 2009 (—1.9% [95% CI, —2.2
to —1.7]) than the most affluent group (—2.9% [95% Cl,
—3.2 to —2.7] Figure 1C).

For specific comorbidities, the deprived group had
significantly higher prevalence of most comorbidities
with the biggest differences for obesity (28% versus
19%), diabetes mellitus (30% versus 23%; Figure 2B),
chronic obstructive pulmonary disease (25% versus
14%; Table 1), which remained following adjustment
(Table IV in the Data Supplement). The deprived group
also had higher annual growth rates of anemia (+0.9%;
0.8-0.1 versus +0.6%; 0.5-0.7) and depression (+0.8%;
0.6-0.9 versus +0.3%; 0.2-0.4) than the affluent group
(Figures 2C and 2D). Conversely, the more affluent
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group had a higher annual growth rate of cancer than the
deprived group (+0.9%; 0.7-1.0 versus +0.6%; 0.5-0.7;
Table IV in the Data Supplement).

Overall Differences and 20-Year Trends by
Ethnicity

Age at HF onset differed significantly by ethnicity with
younger onset in the South Asian group (72 years) and
back ethnicity group (68 years) compared with the older
white group (78 years; Table 1). Following adjustment,
age differences compared with the white group were
—b.7 (95% Cl, —6.2 to —b.2) years for the South Asian
group and —9.0 (95% ClI, —9.9 to —8.2) years for the
black group (Table 3, Figure 1A). Following same adjust-
ment also including age, compared to the white group,
the South Asian group had 16.5 % (95% CI, 14.3-18.6)
more and the black group 10.6% (95% Cl, 7.6-13.6)
less IHD (Table 2). Despite their younger age, the South
Asian group had similar number of comorbidities to the
white group (difference: 0.1 [95% Cl, 0.1-0.2]), whereas
the black group had 0.3 (95% Cl, 0.2-0.4) less.

For specific comorbidities, the South Asian and black
groups had significantly less atrial fibrillation, cancer,
depression, and chronic obstructive pulmonary disease
but had 12% more hypertension, 24% (South Asian),
and 13% (black) more diabetes mellitus (Table IV in
the Data Supplement) and 11% (South Asian) and 3%
(black) more anemia than the white group. For smoking,
adjusted prevalence was 6.4% (95% Cl, 4.9-8.0) less
in the South Asian group and 7.3% (95% Cl, 5.3-9.2)
less in the black group than the white group (Table 2).
When stratified by sex, these differences compared with
the white group narrowed to 3.0% less for South Asian
men and 4% less for black men, whereas differences
increased to 12% less for South Asian women and 11%
for black women (not shown).

Age increased at a faster annual rate in the South
Asian group before 2013 (+6 months pa; Figure 1A)

February 2020 5
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Table 3. Predicted Prevalence of Cardiovascular Risk Factors, by Population Group and Calendar Year

Trends in Risk Factors for Heart Failure

Calendar Period

Time Trends (1998 to 2017)

Average Annual Change in Risk Factors (95% CI)
and Year of Any Significant Change in Trend Slope

Absolute Difference Interaction
1998-2002 2013-2017 Over Time % diff | P Value Before Change After
Age in years (95% CI)
Male 74.9 (74.7 to 75.1) 75.7 (75.5 to 76.0) 1.2 (0.4 t0 2.0) 1.6 Ref —0.02 2007 0.12
(—0.08 to 0.04) (0.07 to 0.16)
Female 79.9 (79.7 to 80.1) | 80.7 (80.4 to 80.9) 1.8 (0.9 10 2.6) 2.3 0.863 0.09 (0.06 to 1.12) | 2011 —0.06
(—0.15 t0 0.03)
Most affluent | 78.7 (78.4 to 79.0) | 79.9 (79.6 to 80.2) 2.3 (1.1 t0 3.4) 2.9 Ref 0.08 (—0.07 to 0.12) | 2007 | 0.14 (0.07 to 0.21)
Most 75.7 (75.3 to 76.0) | 74.6 (74.1 to 75.1) —1.4 (—2.910 0.2) —1.8 <0.001 —0.08 N/A —0.08
deprived (—0.11 to —0.05) (—0.11 to —0.05)
White 76.9 (76.7 to 77.1) 78.5 (78.3 to 78.7) 2.5 (1.9 t0 3.1) 3.3 Ref 0.19 (0.12t0 0.25) | 2005 | 0.08 (0.05to0 0.11)
South Asian | 67.9 (66.3 to 69.5) 73.8 (72.7 to 74.8) 5.4 (2.6 t0 8.3) 8.0 <0.001 0.52 (0.35t0 0.69) | 2013 —0.23
(—1.16 t0 0.70)
Black 70.2 (67.7 to 72.7) | 68.5 (66.8 to 70.2) 0.9 (—8.7 to 10.4) 1.2 0.122 —0.04 N/A —0.04
(—0.24 t0 0.16) (—0.24 t0 0.16)
Comorbidities in number
Male 3.0 (3.0 t0 3.0) 4.7 (4.7 to 4.8) 2.3 (2.2 t0 2.5) 90.2 Ref 0.16 (0.16t0 0.17) | 2007 | 0.07 (0.16 to 0.17)
Female 3.1 (3.1t03.2) 4.9 (4910 4.9) 2.4 (2.3t0 2.5) 90.7 <0.001 0.20 (0.19t0 0.22) | 2007 | 0.07 (0.06 to 0.08)
Most affluent| 2.9 (2.9 to 3.0) 4.5 (4.4 t0 4.5) 2.2 (2.0t0 2.4) 89.7 Ref 0.18 (0.17 to 0.20) | 2006 | 0.07 (0.05 to 0.08)
Most 3.1(31t03.2) 5.1 (5.1t05.2) 2.6 (2.3 10 2.9) 94.9 <0.001 0.19 (0.18 t0 0.21) | 2007 | 0.07 (0.05 to 0.08)
deprived
White 3.1(3.1t03.2) 4.8 (4.8t04.8) 2.2 (2.1 t02.2) 86.0 Ref 0.17 (0.16 t0 0.17) | 2007 | 0.07 (0.06 to 0.07)
South Asian 3.6 (3.3104.0) 5.1 (4.9t05.2) 2.7 (1.3t04.2) 127.2 0.004 0.20 (0.06 to 0.34) | 2004 | 0.07 (0.05 to 0.09)
Black 3.2 (2.8t03.6) 5.0 (4.7 t05.2) 0.7 (-0.8t0 2.2) 13.1 0.001 0.10 (0.07 to 0.13) N/A 0.10 (0.07 to 0.13)
Ischemic heart disease in % prevalence
Male 51.9 (61.0t052.8) | 57.7 (56.9 to 58.6) 8.1 (4.6t011.7) 16.2 Ref 1.1 (0.9 to 1.4) 2006 | —0.1 (—0.3 to 0.04)
Female 41.6 (40.81042.4) | 42.7 (41.7 to 43.6) 3.1 (—0.4106.7) 7.9 0.002 0.9 (0.7t0 1.2) 2006 | —0.5 (—0.7 to —0.4)
Most affluent| 44.5 (43.1 to 46.0) | 48.6 (47.2 to 50.0) 10.9 (5.3 t0 16.4) 28.2 Ref 1.0 (0.7 t0 1.3) 2008 | —0.5 (—0.8 to —0.1)
Most 48.3 (46.81049.7) | 53.8 (562.2 to 55.5) 3.8 (—0.02, to 9.9) 7.6 0.415 1.1 (0.8t0 0.1) 2008 | —0.5 (—0.9 to —0.1)
deprived
White 48.0 (47310 48.6) | 50.4 (49.81t051.1) 3.6 (1.9t05.3) 10.1 Ref 0.8 (0.6 to 1.0) 2007 | —0.4 (—0.5t0 —0.2)
South Asian | 672 (58.4to0 76.0) | 71.9 (68.3 to 75.6) 3.7 (—11.2t0 18.6) 6.7 0.346 1.1 (—0.8 to 3.0) 2007 | —0.2 (—1.1t00.7)
Black 44.9 (34.71055.2) | 49.1 (43.2t0 54.9) —9.5 (—28.210 9.2) —25.6 0.484 —0.4 (—3.0t0 2.2) 2007 0.3 (—1.2t0 1.9)
Smoking in % prevalence
Male 35.1 (34.2t036.1) | 11.2(10.6t0 11.8) | —13.56 (—16.7 to —10.2) | —46.3 Ref —3.0 (—8.1to —2.8) | 2009 0.4 (0.1 t0 0.6)
Female 36.4 (34.8 t0 38.0) 8.5 (7.6 10 9.3) —11.4(—14.2t0—8.6) | —51.4 0.054 —2.4 (—2.5t0—2.2) | 2009 | — 0.1 (—-0.2t00.2)
Most affluent| 37.4 (35.8 to 39.1) 176 (16.210 19.0) | —14.7(-19.1 t0 —10.3) | —64.4 Ref —2.9 (—8.2t0—2.7) | 2009 0.1 (—0.2 t0 0.4)
Most 376 (36.9t038.4) | 124(11.9t012.8) | —76 (—13.4t0—1.9) | —29.0 <0.001 —1.9 (—2.2t0—1.7) | 2009 0.1 (—0.4 to 0.6)
deprived
White 31.3(21.4t041.2) 10.1 (75t012.7) | —11.1 (-13.5t0—8.8) | —45.0 Ref —2.7 (—2.8t0 —2.6) | 2009 0.2 (0.1 t0 0.4)
South Asian | 39.2 (27.7 to 50.8) 8.5 (5.1 to 12.0) —25.9 (—78.51t026.6) | —61.0 0.010 —1.7 (-2.7t0—0.7) | 2011 1.2 (0.1 t0 2.3)
Black 51.9 (51.0t052.8) | 57.7 (66.9 to 58.6) | —53.1 (—98.2t0 —8.0) | —82.7 0.718 —3.9 (-6.5t0—1.2) | 2006 | —0.5 (—0.4 t0 0.8)
Body mass index in kg/m?
Male 26.6 (26.5 t0 26.7) | 28.3 (28.2 to 28.4) 2.1 (1.7 to 2.6) 8.1 Ref 0.11 (0.08 to 0.14) | 2007 | 0.14 (0.11 t0 0.16)
Female 27.0 (26.9 to 27.1) | 29.0 (28.8 to 29.1) 3.0 (2.4 t0 3.6) 11.2 0.259 0.12 (0.11t0 0.14) | 2013 | 0.32 (0.15 to 0.50)
Most affluent | 26.3 (26.1 to 26.5) | 27.8 (27.7 to 28.0) 2.1 (1.3t0 3.0) 8.1 Ref 0.10 (0.08 t0 0.12) | 2014 | 0.20 (0.02 to 0.37)
Most 270 (26.9t0 27.2) | 29.1 (28.9 to 29.3) 2.8 (2.0 to 3.6) 10.7 0.030 0.07 (0.02t0 0.13) | 2008 | 0.20 (0.15 to 0.25)
deprived
White 26.8 (26.8t0 26.9) | 28.6 (28.5 t0 28.7) 2.4 (2.0 to 2.8) 9.2 Ref 0.11 (0.10t0 0.12) | 2013 | 0.22 (0.16 t0 0.12)
South Asian | 26.4 (25.4 to 27.3) 27.1 (26.6 to 27.5) 3.6 (—2.5t0 9.8) 15.3 0.179 0.29 (—0.73 to 1.31) | 2002 |0.04 (—0.02 to 0.11)

Circ Heart Fail. 2020;13:¢006472. DOI: 10.1161/CIRCHEARTFAILURE.119.006472

(Continued)

February 2020 6



020z ‘8T Afenige4 uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

Lawson et al

Table 3. Continued

Trends in Risk Factors for Heart Failure

Calendar Period

Time Trends (1998 to 2017)

Average Annual Change in Risk Factors (95% CI)
and Year of Any Significant Change in Trend Slope

Absolute Difference Interaction
1998-2002 2013-2017 Over Time % diff | P Value Before Change After
Black 28.1 (26.7 to 29.6) |30.0 (29.0 to 30.9) 4.0 (0.8 to 8.8) 15.4 0.211 0.14 (0.08 to 0.24) N/A 0.14 (0.08 to 0.24)
Systolic blood pressure in mmHg
Male 143.6 (143.2 to 132.6 (132.3t0 |—13.9 (—15.83t0 —12.5)| —9.5 Ref —1.43 2007 —0.03
144.0) 132.9) (—1.52 to —1.34) (—0.12 to 0.07)
Female 148.7 (148.2 to 134.6 (134.3t0 |—16.3 (—17.9t0—14.7) | —10.8 <0.001 —1.74 2007 —0.27
149.1) 135.0) (—1.84 to —1.63) (—0.37 to —0.18)
Most affluent  145.5 (144.7 to 1334 (1329t0 |—14.4(—16.7t0o —12.1) | —9.7 Ref —1.58 2007 —0.22
146.3) 133.9) (—1.77 to —1.39) (—0.36 to —0.08)
Most 146.4 (145.7 to 134.0 (133.4t0 | —15.3(—17.8t0—12.9) | —10.3 0.901 —1.42 2008 —0.12
deprived 147.1) 134.5) (—1.58't0 —1.27) (—0.29 to 0.05)
White 146.4 (146.1 to 183.5(133.3to |—15.4 (—16.3t0 —14.4)| —10.6 Ref —1.61 2007 —0.16
146.8) 133.8) (—1.68 to —1.53) (—0.23 to —0.09)
South Asian 145.1 (1839.7 to 135.5 (133.9 to —5.5 (—32.0 to 21.0) —2.2 0.002 —1.48 2007 —0.01
150.5) 137.1) (—2.26 to —0.70) (—0.44 to 0.43)
Black 146.4 (141.6 to 139.8 (1374 to —27.8 (-50.1,—5.5) —18.7 0.003 —1.88 2005 0.03
151.2) 142.3) (—3.40 to —0.36) (—0.48 to 0.54)
Cholesterol in mmol/L
Male 5.1 (6.0t0 5.1) 4.3 (4.210 4.3) —1.2 (—1.4t0—1.0) —21.7 Ref —0.13 2006 0.00
(—0.14 t0 —0.12) (—0.00 to 0.01)
Female 5.7 (5.6 t0 5.7) 4.8 (4.8 t0 4.9) —1.2 (—1.4,—1.0) —19.7 0.191 —0.14 2007 —0.00
(—=0.15 t0 —0.13) (—0.01 t0 0.11)
Most affluent 5.2 (5.2 t0 5.3) 4.5 (4.510 4.6) —1.3 (-1.5t0—1.0) —21.8 Ref —0.12 2006 —0.01
(—0.14 to —0.10) (—0.02 to —0.00)
Most 5.3 (5.2t0 5.4) 4.5 (4.4 t0 4.5) —1.0 (—1.8t0 —0.7) —17.7 0.396 —0.13 2007 0.01
deprived (—0.15t0 —0.11) (—0.00 to 0.02)
White 5.4 (5.3t05.4) 4.5 (4.510 4.6) —1.2 (—1.4t0—1.0) —20.6 Ref —0.13 2006 —0.00
(—=0.14 t0 —0.12) (—0.00 to 0.00)
South Asian 5.3 (5.0 to 5.6) 4.2 (4.1 to 4.4) —0.6 (—8.2 to 7.0) -12.9 0.166 —0.15 2005 —0.00
(—0.22 to —0.07) (—0.02 t0 0.02)
Black 5.4 (4.8 t0 6.0) 4.4 (4.3 10 4.5) —0.0(—0.3 to 0.4) 0.1 0.239 —0.12 2008 0.12
(—2.00 to —0.04) (—0.02 to 0.05)
Estimated glomerular filtration rate in mL/(min-1.73 m?)
Male 65.3 (64.9 to 65.6) | 62.7 (62.4 to 63.1) | —5.2 (—6.5 to —3.9) —7.6 Ref —1.39 2004 0.44
(—1.58 to —1.25) (0.39 t0 0.50)
Female 64.1 (63.8t064.4) |61.9 (61.5t062.3) | —4.6 (—5.9 to —3.3) —6.8 <0.0001 —1.64 2005 0.48
(—1.78 to —1.5) (0.42 to 0.54)
Most affluent| 64.1 (63.6 to 64.7) | 63.0 (62.5to 63.5) | —4.3 (—6.4 to —2.2) —6.3 Ref —1.59 2004 0.45
(—1.82 to —1.35) (0.37 to 0.54)
Most 65.1 (64.6 to 65.6) | 62.0 (61.4 t0 62.6) | —5.3 (—7.5 to —3.1) —-79 0.007 —1.563 2005 0.48
deprived (—1.76 to —1.31) (0.37 to 0.58)
White 64.5 (64.3 to 64.8) | 62.6 (62.3t062.8) | —4.5 (—5.3t0 —3.7) —6.6 Ref —1.45 2005 0.48
(—1.55 to —1.34) (0.44 t0 0.52)
South Asian | 61.8 (58.83t0 65.2) |59.8 (68.2t061.4)| —14.8 (—31.3t0 1.6) | —20.4 0.069 —0.03 N/A —0.03
(—0.24 t0 0.18) (—0.24 t0 0.18)
Black 64.1 (60.7 to 67.5) | 64.0 (61.7 to 66.4) 5.2 (—8.8t0 19.2) 8.5 0.029 —3.29 2002 0.45

(—7.58 to 1.00)

(0.09 to 0.81)

Al risk factors are reported in units of measurement for continuous variables, for example, age, number of comorbidities, and in percentages for binary variables,
for example, smoking. With the exception of age, all risk factors are estimated at the mean population age (78 y). P values for interactions were estimated by fitting an
interaction term between calendar year (as a continuous variable) and group in regression models for each risk factor also containing age. Slope changes are mean
change per year. N/A indicates non applicable, no change in slope.

compared with a much slower growth in the white group
(+2 months pa to 2005 then +1 month pa thereafter),
such that between 1998 to 2002 and 2013 to 2017,

Circ Heart Fail. 2020;13:¢006472. DOI: 10.1161/CIRCHEARTFAILURE.119.006472

the gap between the groups narrowed from 9 years to
5 years (Table 3). The age gap between the black and
white groups widened from 7 to 10 years during the
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Figure 1. Known risk factors in patients with new heart failure; trends over 20 years by groups.

Estimated risk factors in people with new heart failure, by calendar year of HF diagnosis between 1998 and 2017. With the exception of age,
all estimates were calculated at the mean population age (78 y). Spikes indicate 95% ClI. Ethnicity graphs are on a different scale and spikes
are not reported due to wide Cls. P values are to test the difference in trend lines between population groups (labeled interaction P). For the

ethnicity trends, P values compare South Asian and black ethnicity groups with the white group. A, Mean age in years (y axis); calendar year

of heart failure diagnosis (x axis). B, Proportion of new heart failure patients with ischemic heart disease (y axis); calendar year of heart failure
diagnosis (x axis). C, Proportion of new heart failure patients who are current smokers (y axis); calendar year of heart failure diagnosis (x axis).
D, Mean systolic blood pressure in mmHg (y axis); calendar year of heart failure diagnosis (x axis).

same time period. All groups experienced reducing
smoking rates until 2006, but rates began to increase in
the white group after 2009 (0.2% [95% Cl, 0.1-0.4 pa])
and in the South Asian group after 2011 (1.2% [95% CI,
0.1-2.3 pal; Figure 1C).

Overall group differences were similar when analy-
ses were restricted to the hospital diagnosed HF group
(Table V in the Data Supplement).

DISCUSSION

This study includes a large nationally representative
sample of adult patients with new HF over a 20-year
time period from 1998 to 2017. The findings indicate an

important change in HF demography, with HF occurring
at an older age but with less traditional cardiovascular
risk factors such as alcohol, smoking, blood pressure,
and cholesterol and more cardiovascular and noncardio-
vascular comorbidities. However, there were significant
differences between groups of patients with HF and
although some of these differences have reduced over
time, others have persisted or increased, indicating key
targets for contemporary tailored prevention programs.
Although previous studies have reported an increas-
ing trend in ischemic cause over time/ detailed trend
analysis in this study shows that there has been a shift
to stable or decreasing proportions of HF patients with
IHD over the past 10 years. The prevalence of diabetes

Circ Heart Fail. 2020;13:¢006472. DOI: 10.1161/CIRCHEARTFAILURE.119.006472 February 2020 8
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Figure 2. Comorbidities in patients with new heart failure; trends over 20 years by groups.

Estimated comorbidity prevalence in people with new heart failure, by calendar year of HF diagnosis between 1998 and 2017. Prevalence
figures are estimated at the mean population age (78 y). Spikes indicate 95% CI. Ethnicity graphs are on a different scale, and spikes are not
reported due to wide confidence intervals. P values are to test the difference in trend lines between population groups (labeled interaction P).
For the ethnicity trends, P values compare South Asian and black ethnicity groups with the white group. A, Mean number of comorbidities
present at new heart failure diagnosis (y axis); calendar year of heart failure diagnosis (x axis). B, Proportion of new heart failure patients with
diabetes mellitus (y axis); calendar year of heart failure diagnosis (x axis). C, Proportion of new heart failure patients with iron deficiency anemia
(y axis); calendar year of heart failure diagnosis (x axis). D, Proportion of new heart failure patients with depression (y axis); calendar year of
heart failure diagnosis (x axis).

mellitus, obesity, hypertension, chronic kidney disease, = means that HF figures, especially HF with preserved
and cancer comorbidities at HF onset are increasing,  ejection fraction, may rise.”® Also although the success of
and these factors may be associated with the increas-  antismoking strategies has shown significant reduction
ing prevalence of HF with preserved ejection fraction.””  in current smokers among new HF patients, our analy-
Diabetes mellitus and obesity are forecast to double over  ses indicated a worrying shift with increasing proportions
the next decade, and an increasing number of cancer  in the most recent years, particularly in men and ethnic
survivors treated with cardiotoxic cancer treatments also ~ minority groups.
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Although remaining stable in men, IHD has been
significantly reducing in women since 2008, alongside
increasing rates of hypertension, obesity, and anemia, all
of which are associated with HF with preserved ejection
fraction.5'® This sex difference is likely to increase due
to the older age and faster increasing comorbidity rate
in women at HF onset. This is important because the
sex dimorphism in HF is not yet recognized in HF clini-
cal guidelines.”® The complex comorbid profile of women
with HF with increasing hypertension and obesity may
partly explain the higher proportion of women diagnosed
first in hospital, compared with men, and highlights an
emerging trend for primary prevention that will require
novel approaches to improve prognosis and health.

Men were around 5 years younger than women at
the time of HF diagnosis. Sex differences relating to the
earlier onset of cardiovascular disease in men have been
extensively debated but remain not fully understood.°?!
Although this sex difference persisted over time, some
improvements for men are evident over the past 10 years,
a likely result of improved primary coronary interventions
over this period?? Men also differed to women in hav-
ing higher prevalence of diabetes mellitus, with a faster
increasing trend over the past 5 years. Increased preva-
lence of diabetes mellitus is likely associated with the
increased prevalence of ischemic-related HF in men and
indicates a high-risk group. HF and diabetes mellitus com-
bination is known to increase risk of hospital admissions
and cardiovascular deaths?®?* and may provide a target
for early intervention with novel pharmacotherapies, such
as SGLT2 (sodium-glucose cotransporter 2) inhibitors.?®

It is known that higher levels of deprivation are asso-
ciated with developing HF at a younger age and with
more comorbidities.?® It could be argued that the pres-
ence of prior morbidities may lead to closer monitoring
and earlier diagnosis of less severe HF in this group.
However, the worse outcomes and younger age at death
in the most deprived group?” suggests the contrary,
that HF is more severe at onset, a likely result of the
worse cardiovascular profile in this group. Worryingly, our
study shows a widening socioeconomic gradient in age
at onset, risk factor prevalence, and comorbidities over
the past 10 years. This finding with prior evidence on
increased noncardiovascular admissions and mortality
in the deprived,” points to an urgent need for early tar-
geted intervention for patients with HF with high levels
of deprivation who require more holistic care.?® Beyond
the public health implications for preventive efforts, the
disparities by socioeconomic status, and their changes
over time, may importantly impact global HF trial efforts
to recruit a homogeneous study population.

Overall, although the South Asian and black groups
were significantly younger at HF onset than the white
group, they had similar or better cardiovascular risk pro-
files, similar to those previously reported in a younger
UK general population.?® Risk factors generally improved
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over time for all groups, but we found important recent
trend shifts of accelerating BMI growth in white and black
groups and increasing smoking rates in the South Asian
group. The earlier onset of HF in ethnic minority groups
likely reflects higher coprevalence of cardiovascular pre-
morbidities, including hypertension, diabetes mellitus and
obesity, and higher levels of deprivation, compared with
the white group. These ethnic differences in the United
Kingdom have persisted over 2 decades and are similar to
previous findings in African and white American popula-
tions.52931 In terms of cause, ischemia predominated in the
South Asian group and hypertension in the black group.
Although both ethnic minority groups share diabetes mel-
litus as a likely HF precipitator, it is postulated that the
etiological differences between the groups results from
differing lipid profiles.32 Better lipid profiles in the black
group means that hypertension rather than atherosclero-
sis is the likely mediator between diabetes mellitus and
HFE leading to a higher proportion of hypertension-related
HF with preserved ejection fraction.®® Despite higher lev-
els of hypertension in both ethnic minority groups, preva-
lence of atrial fibrillation was lower than in the white group,
a finding share with prior reports.* These findings are cru-
cially important given the global challenge and epidemic
of noncommunicable diseases in America, Asia, and Africa
and indicate that HF prevention and treatment are going
to have to be tailored to individual risk profiles.

Our national population-based study is the largest to
date to report trend differences in the cause and risk
factors for HF over 20 years. We included all available
patients with HF presenting in primary care or hospital
and used age-adjusted measures of baseline risk fac-
tors to produce comparable and representative propor-
tions across twenty years of incident HF. Although it was
beyond the scope of this study to investigate outcomes in
different HF groups, this has been separately explored in
the patients that were eligible for linkage to death data.?”
This is an observational study, so clinical measurements
were based on routine data collection, which can be sub-
ject to misclassification and measurement error. However,
clinical recording in the United Kingdom is supported by
performance incentives, including the use of echocar-
diography for HE® and accuracy of diagnosis within the
CPRD has been found to be valid for a range of morbidi-
ties.' We also used clinically validated code sets which
have high precision including for HF'" and identified
comorbidities using both primary care and hospital codes.
However, we cannot rule out that changes in the com-
pleteness of coding over time may have influenced preva-
lence figures. That said, it is less plausible that this would
preferentially impact patients of certain subgroups and so
is unlikely to affect trend differences. HF phenotyping in
terms of ejection fraction status or HF severity was not
possible in CPRD or HES, so the study does not provide
these estimates but instead provides the real-world con-
text for the general HF population. Although recording of
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ethnicity status has been a mandatory requirement since
1991, the number of South Asian and black patients were
lower than expected from national UK census data. This
study provides the window into ethnic differences, but
future HF studies are required in international settings,
such as Asian-HF?¢ to investigate the HF life course and
how prevention and management might differ for tailored
patient or population interventions.

CONCLUSIONS

Distinct trend differences exist between HF population
groups over the past 20 years, with persisting or increas-
ing sex, socioeconomic, and ethnic differences. This
study represents an epidemiological investigation in a
developed country but has implications that relate to the
global health agenda for developed and developing coun-
tries. Contemporary tailored HF prevention programs are
required to address differences and to target the worse
off groups to abate the alarming projected increase in
HF burden and costs over the next 2 decades.

ARTICLE INFORMATION
Received July 29, 2019; accepted December 19, 2019.

Affiliations

Diabetes Research Centre (CAL, FZ, HO, MD. KK, UTK), Cardiovascular
Research Centre, Glenfield General Hospital (L.S), and Department of Health
Sciences (U.TK.), University of Leicester, United Kingdom. National Heart Cen-
tre, Duke-NUS Medical School, Singapore (HW, C.S.PL.). Keele Cardiovascular
Group, Keele University, United Kingdom (M.M.). University Medical Centre Gron-
ingen, the Netherlands (C.S.PL.). The George Institute for Global Health, Newton,
NSW, Australia (C.S.PL.).

Sources of Funding

This research was supported by Leicester-Wellcome Trust Institutional Strategic
Support Fund Fellowship (Reference 204801/Z/16/Z) and National Institute of
Health Research (NIHR) Leicester Biomedical Research Centre. Dr Zaccardi is
funded with an unrestricted educational grant from the NIHR Collaboration for
Leadership in Applied Health Research and Care (CLAHRC) East Midlands to
the University of Leicester. The views and opinions expressed here are those of
the authors and do not necessarily reflect those of the Wellcome Trust or NIHR.

Disclosures

Dr Khunti reports personal fees from Amgen, Bayer, Napp Pharmaceuticals Lim-
ited, Roche, Berlin-Chemie AG / Menarini Group, and Sanofi-Aventis; and grants
and personal fees from Pfizer, Boehringer Ingelheim, AstraZeneca, Novartis, Novo
Nordisk, Sanofi-Aventis, Lilly, Merck Sharp & Dohme, and Servier outside of the
submitted work. Dr Davies acted as a consultant, advisory board member, and
speaker for Novo Nordisk, Sanofi-Aventis, Lilly, Merck Sharp & Dohme, Boeh-
ringer Ingelheim, AstraZeneca, and Janssen; as an advisory board member for
Servier; and as a speaker for Mitsubishi Tanabe Pharma Corporation and Takeda
Pharmaceuticals International. Dr Davies has received grants in support of inves-
tigator and investigator-initiated trials from Novo Nordisk, Sanofi-Aventis, Lilly,
Boehringer Ingelheim, and Janssen. The other authors report no conflicts.

REFERENCES

1. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R,
de Ferranti SD, Floyd J, Fornage M, Gillespie C, et al; American Heart Asso-
ciation Statistics Committee and Stroke Statistics Subcommittee. Heart
disease and stroke statistics-2017 update: a Report From the American
Heart Association. Circulation. 2017;135:e146—-e603. doi: 10.1161/CIR.
0000000000000485

Circ Heart Fail. 2020;13:¢006472. DOI: 10.1161/CIRCHEARTFAILURE.119.006472

20.

Trends in Risk Factors for Heart Failure

. Savarese G, Lund LH. Global public health burden of heart failure. Card Fail

Rev. 2017;3:7-11. doi: 10.15420/cfr.2016:25:2

. Pandey A, Omar W, Ayers C, LaMonte M, Klein L, Allen NB, Kuller LH,

Greenland P, Eaton CB, Gottdiener JS, et al. Sex and race differences in
lifetime risk of heart failure with preserved ejection fraction and heart fail-
ure with reduced ejection fraction. Circulation. 2018;137:1814-1823. doi:
10.1161/CIRCULATIONAHA.117.031622

. Witte KK, Patel PA, Walker AMN, Schechter CB, Drozd M, Sengupta A,

Byrom R, Kearney LC, Sapsford RJ, Kearney MT, et al. Socioeconomic depri-
vation and mode-specific outcomes in patients with chronic heart failure.
Heart. 2018;104:993-998. doi: 10.1136/heartjnl-2017-312539

. Durstenfeld MS, Ogedegbe O, Katz SD, Park H, Blecker S. Racial and

ethnic differences in heart failure readmissions and mortality in a large
municipal healthcare system. JACC Heart Fail. 2016;4:885-893. doi:
10.1016/jjchf.2016.05.008

. Chang PP, Wruck LM, Shahar E, Rossi JS, Loehr LR, Russell SD,

Agarwal SK, Konety SH, Rodriguez CJ, Rosamond WD. Trends in
hospitalizations and survival of acute decompensated heart failure in
four US communities (2005-2014): ARIC Study Community Surveil-
lance. Circulation. 2018;138:12-24. doi: 10.1161/CIRCULATIONAHA.
117027551

. Christiansen MN, Kober L, Weeke P, Vasan RS, Jeppesen JL, Smith JG,

Gislason GH, Torp-Pedersen C, Andersson C. Age-specific trends in inci-
dence, mortality, and comorbidities of heart failure in Denmark, 1995 to 2012.
Circulation. 2017;135:1214-1223. doi: 10.1161/CIRCULATIONAHA.
116.026941

. Bibbins-Domingo K, Pletcher MJ, Lin F Vittinghoff E, Gardin JM,

Arynchyn A, Lewis CE, Williams OD, Hulley SB. Racial differences in inci-
dent heart failure among young adults. N Engl J Med. 2009;360:1179—
1190. doi: 10.10566/NEJM0a0807265

. Taylor CJ, Ordéfez-Mena JM, Roalfe AK, Lay-Flurrie S, Jones N, Marshall T,

Hobbs R. Trends in survival after a diagnosis of heart failure in the United
Kingdom 2000-2017: population based cohort study. BMJ. 2019;364:1223.
doi: 10.1136/bm;j.1223

. Herrett E, Gallagher A, Bhaskaran K, Forbes H, Mathur R, van Staa T,

Smeeth L. Data resource profile: Clinical Practice Resaerch Datalink (CPRD).
Int J Epidemiol. 2015;44:827-836. doi: 10.1093/ije/dyv098

. Herrett E, Thomas SL, Schoonen WM, Smeeth L, Hall AJ. Validation and

validity of diagnoses in the general practice research database: a sys-
tematic review. Br J Clin Pharmacol. 2010;69:4-14. doi: 10.1111/j.
1365-2125.2009.03537.x

. Herbert A, Wijlaars L, Zylbersztejn A, Cromwell D, Hardelid P. Data resource

profile: Hospital Episode Statistics Admitted Patient Care (HES APC). Int J
Epidemiol. 2017;46:1093-1093i. doi: 10.1093/ije/dyx015

. Maru S, Koch GG, Stender M, Clark D, Gibowski L, Petri H, White AD,

Simpson RJ Jr. Antidiabetic drugs and heart failure risk in patients with type
2 diabetes in the UK. primary care setting. Diabetes Care. 2005;28:20—-26.
doi: 10.2337/diacare.28.1.20

. English Indices of Deprivation 2010: Guidance Document. 2011. Avail-

able at: https://www.gov.uk/government/uploads/system/uploads/attach-
ment_data/file/6871/1871208.pdf. Accessed June 8, 2015.

. Hull SA, Mathur R, Badrick E, Robson J, Boomla K. Recording ethnic-

ity in primary care: assessing the methods and impact. Br J Gen Pract.
2011;61:6290-e294. doi: 10.3399/bjgp1 1X572644

. 2011 Census: Ethnic group, local authorities in the United Kingdom.

Office for National Statistics. 2013. Available at: http://www.ons.gov.
uk/ons/rel/census/2011-census/key-statistics-and-quick-statistics-
for-local-authorities-in-the-united-kingdom---part-1/rft-ks 20 Tuk.xls.
Accessed June 6, 2015.

. Steinberg BA, Zhao X, Heidenreich PA, Peterson ED, Bhatt DL,

Cannon CP, Hernandez AF, Fonarow GC; Get With the Guidelines Sci-
entific Advisory Committee and Investigators. Trends in patients hospi-
talized with heart failure and preserved left ventricular ejection fraction:
prevalence, therapies, and outcomes. Circulation. 2012;126:656-75. doi:
10.1161/CIRCULATIONAHA.111.080770

. Aleman BM, Moser EC, Nuver J, Suter TM, Maraldo MV, Specht L,

Vrieling C, Darby SC. Cardiovascular disease after cancer therapy. EJC
Suppl. 2014;12:18-28. doi: 10.1016/j.ejcsup.2014.03.002

. Levinsson A, Dubé MP, Tardif JC, de Denus S. Sex, drugs, and heart

failure: a sex-sensitive review of the evidence base behind current
heart failure clinical guidelines. ESC Heart Fail. 2018;5:745-754. doi:
10.1002/ehf2.12307

Bots SH, Peters SAE, Woodward M. Sex differences in coronary heart
disease and stroke mortality: a global assessment of the effect of

February 2020 11



020z ‘8T A%eniged uo Aq Bio'sfeulnofeye;/:dny wouy papeojumod

Lawson et al

21.

22,

23.

24,

25,

26.

27.

Circ Heart Fail. 2020;13:¢006472. DOI: 10.1161/CIRCHEARTFAILURE.119.006472

ageing between 1980 and 2010. BMJ Glob Health. 2017;2:e000298. doi:
10.1136/bmjgh-2017-000298

Tunstall-Pedoe H. Myth and paradox of coronary risk and the menopause.
Lancet 1998;351:1425-1427. doi: 10.1016/S0140-6736(97)11321-6
Pilgrim T,Heg D, Tal K, Erne B, Radovanovic D, Windecker S, Juini P; AMIS Plus
Investigators. Age- and gender-related disparities in primary percutaneous
coronary interventions for acute ST-segment elevation myocardial infarc-
tion. PLoS One. 2015;10:e0137047. doi: 10.1371/journal.pone.0137047
Lawson CA, Jones PW, Teece L, Dunbar SB, Seferovic PM, Khunti K,
Mamas M, Kadam UT. Association between type 2 diabetes and all-cause
hospitalization and mortality in the UK general heart failure population:
stratification by diabetic glycemic control and medication intensification.
JACC Heart Fail. 2018;6:18-26. doi: 10.1016/}jchf.2017.08.020
Cavender MA, Steg PG, Smith SC Jr, Eagle K, Ohman EM, Goto S, Kuder J,
Im K, Wilson PW, Bhatt DL; REACH Registry Investigators. Impact of dia-
betes mellitus on hospitalization for heart failure, cardiovascular events,
and death: outcomes at 4 years from the Reduction of Atherothrombosis
for Continued Health (REACH) registry. Circulation. 2015;132:923-931.
doi: 10.1161/CIRCULATIONAHA.114.014796

Butler J, Hamo CE, Filippatos G, Pocock SJ, Bernstein RA, Brueckmann M,
Cheung AK, George JT, Green JB, Januzzi JL, et al; EMPEROR Trials Pro-
gram. The potential role and rationale for treatment of heart failure with
sodium-glucose co-transporter 2 inhibitors. EurJ Heart Fail. 2017;19:1390—
1400. doi: 10.1002/¢jhf.933

Conrad N, Judge A, Tran J, Mohseni H, Hedgecott D, Crespillo AP, Allison
M, Hemingway H, Cleland JG, McMurray JJV, et al. Temporal trends and pat-
terns in heart failure incidence: a population-based study of 4 million individ-
uals. Lancet. 2018;391:572-580. doi: 10.1016/S0140-6736(17)32520-5
Lawson CA, Zaccardi F, Squire |, Ling S, Davies MJ, Lam CSP,
Mamas MA, Khunti K, Kadam UT. 20-year trends in cause-specific heart
failure outcomes by sex, socioeconomic status, and place of diagnosis: a
population-based study. Lancet Public Health. 2019;4:e406-e420. doi:
10.1016/52468-2667(19)30108-2

28.

29.

30.

31.

32.

33.

34.

35.

36.

Trends in Risk Factors for Heart Failure

Squire |. Socioeconomic status and outcomes in heart failure with reduced
ejection fraction. Heart 2018;104:966-967. doi: 10.1136/heartjnl-
2017-312814

Lyratzopoulos G, McElduff P, Heller RF, Hanily M, Lewis PS. Comparative
levels and time trends in blood pressure, total cholesterol, body mass index
and smoking among Caucasian and South-Asian participants of a UK
primary-care based cardiovascular risk factor screening programme. BMC
Public Health. 2005;6:125. doi: 10.1186/1471-2458-5-125

Ziaeian B, Kominski GF, Ong MK, Mays VM, Brook RH, Fonarow GC.
National differences in trends for heart failure hospitalizations by sex and
race/ethnicity. Circ Cardiovasc Qual Outcomes. 2017;10:e003552. doi:
10.1161/CIRCOUTCOMES.116.003552

Bahrami H, Kronmal R, Bluemke DA, Olson J, Shea S, Liu K, Burke GL,
Lima JA. Differences in the incidence of congestive heart failure by ethnicity:
the multi-ethnic study of atherosclerosis. Arch Intern Med. 2008;168:2138—
2145. doi: 10.1001/archinte.168.19.2138

Chaturvedi N. Ethnic differences in cardiovascular disease. Heart.
2003;89:681-686. doi: 10.1136/heart.89.6.681

Sosin MD, Bhatia GS, Davis RC, Lip GY. Heart failure—the importance
of ethnicity. Eur J Heart Fail. 2004,6:831-843. doi: 10.1016/j.ejheart.
2003.11.019

Gillott RG, Willan K, Kain K, Sivananthan UM, Tayebjee MH. South Asian
ethnicity is associated with a lower prevalence of atrial fibrillation despite
greater prevalence of established risk factors: a population-based study
in Bradford Metropolitan district. Europace. 2017;19:356-363. doi:
10.1093/europace/euw010

Stephen G, Nicholas S. The quality and outcomes framework—where next?
BMJ. 2013;346:f659. doi: 10.1136/bmj.f659

Lam CS, Anand |, Zhang S, Shimizu W, Narasimhan C, Park SW, Yu CM,
Ngarmukos T, Omar R, Reyes EB, et al. Asian sudden cardiac death in
Heart Failure (ASIAN-HF) registry. Eur J Heart Fail. 2013;15:928-936. doi:
10.1093/eurjhf/hft045

February 2020 12





