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A B S T R A C T   

Aims: To quantify ethnic differences in the risk of all–cause mortality and cardiovascular disease (CVD) events 
following a first CVD event in people with and without type 2 diabetes. 
Methods: We identified 5,349,271 subjects with a first CVD between 1 January 2002 and 31 May 2020 in En
gland; CVD included aortic aneurism, cerebrovascular accident, heart failure, myocardial infarction, peripheral 
vascular disease, and other cardiovascular diseases. We estimated adjusted hazard ratios (HRs) for type 2 dia
betes and ethnicity of three outcomes: fatal and nonfatal second CVD event (different phenotype compared to the 
first) and all–cause mortality. 
Results: Relative to White, HRs indicated lower rates in all ethnicities and for all outcomes in both men (from 0.64 
to 0.79 for all–cause death; 0.78–0.79 for CVD–related death; and 0.85–0.98 for a second CVD event) and women 
(0.69–0.77; 0.77–0.83; 0.83–0.95, respectively). Irrespective of ethnicity and sex, type 2 diabetes increased rates 
of all outcomes by around a third. 
Conclusions: Prognosis following a CVD event was consistently worse in subjects with type 2 diabetes while varied 
across ethnicities, suggesting the implementation of different strategies for the secondary prevention of CVD in 
different ethnic groups.   

1. Introduction 

According to the last United Kingdom (UK) Census, of the 56.1 
million people who lived in England and Wales in 2011, around 86.0% 
were White, followed by Asian (7.5%), Black (3.3%), Mixed (2.2%), and 
Other (1.0%) ethnic groups; the largest ethnic minority group included 
people of South Asian origin (from countries of the Indian subcontinent: 

India, Pakistan, Sri Lanka, Bangladesh, and Nepal), comprising between 
5% and 6% of the total population [1]. 

Epidemiological studies have shown that South Asian people, 
compared to other ethnic groups, have a higher risk of cardiovascular 
disease (CVD) [2,3]. Previous investigations have also found that South 
Asians who migrated to the UK have a worse cardiometabolic risk fac
tors profile compared to family members remaining in their native 
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country [4]. Furthermore, CVD events – such as heart failure and 
myocardial infarction – tend to occur earlier in South Asians compared 
to other ethnicities [5–9]. More limited and contrasting is the evidence 
about the prognosis following a CVD event: initial, very small studies in 
the UK have suggested higher mortality rates in South Asians compared 
to White Europeans following a myocardial infarction [10], while more 
recent observations, based on much larger samples, have reported a 
similar [7,9,11] or lower [12] risk. Detailed UK data on the risk of a first 
CVD event and the prognosis following the event are more limited for 
other ethnic groups [8,13–15]. 

Although a complex interplay among sociodemographic and bio
logical factors contribute to the heterogeneous risk of CVD across ethnic 
groups, the different prevalence of cardiometabolic risk factors plays a 
relevant role [16–18]. Several investigations in the last two decades in 
the UK have primarily focused on the risk of type 2 diabetes in South 
Asian subjects, generating robust evidence showing a greater risk in this 
ethnic group [19–21]. South Asians develop type 2 diabetes earlier, and 
at a lower body mass index, than White Europeans [20,22,23]; yet, the 
life expectancy may be up to one year longer than their counterparts 
without type 2 diabetes, possibly due to an earlier screening and treat
ment of risk factors in subjects with type 2 diabetes [24]. Evidence on 
variations in the risk of type 2 diabetes in other UK minority ethnic 
communities is sparser, albeit suggesting a higher risk in Black ethnic 
groups [25]. 

Most of the available studies exploring ethnic differences have 
therefore sought primarily to describe the epidemiology of CVD in terms 
of a single, commonly first, coronary heart disease event or CVD mor
tality in subjects of South Asian ethnicity. As there is more limited 
contemporary information for other ethnicities and CVD phenotypes, as 
well as on the prognosis following a first CVD event, investigating and 
quantifying the risk of recurrent CVD events is important given the 
better survival following a CVD episode [26], the longer life expectancy 
compared to the previous decades [27], and the sociodemographic 
changes which occurred in UK during the last decades [28]; such evi
dence would also help shape primary and secondary prevention strate
gies. In this study, we examined the role type 2 diabetes and ethnicity on 
the risk of a second CVD event, CVD–related mortality, and all–cause 
mortality in patients hospitalised in England for a CVD event during the 
last two decades. 

2. Materials and methods 

This observational study, registered at the local Clinical Audit 
Department (number 14671), used routine electronic health record data 
in line with the data sharing agreement with NHS Digital. We followed 
the REporting of studies Conducted using Observational Routine
ly–collected health Data (RECORD) guidelines in conducting and 
reporting this study (checklist in the Supplementary Material) [29]. 

2.1. Population 

We used the Hospital Episode Statistics (HES) database linked to 
Office for National Statistics (ONS) death data and Index of Multiple 
Deprivation (IMD) socioeconomic data. HES contains details on all 
emergency and elective patient admissions, outpatient appointments, 
and emergency department attendances at all public hospitals in En
gland. Data include patient sociodemographic information, such as age, 
sex and ethnicity, and administrative information; all diagnoses are 
coded using the International Classification of Diseases version 10 
(ICD–10). 

In patients aged ≥ 18 years, we identified the first (index) CVD event 
across all admissions to the hospital during the study period 1 January 
2002 to 31 May 2020 with a primary diagnosis code of one of the 
following CVD phenotypes: aortic aneurism (AA), cerebrovascular ac
cident (CVA), heart failure (HF), myocardial infarction (MI), peripheral 
vascular disease (PVD), and other CVD–related conditions (Other); the 

ICD–10 codes for each phenotype are reported in the Supplementary 
Material. We excluded patients with a missing death date in ONS; a CVD 
event after death; or with an unknown sex or ethnicity (Supplementary 
Material Fig. S1). 

2.2. Exposure 

Two main exposures were considered: type 2 diabetes, identified 
with ICD–10 code E11 in any position at the first CVD admission or any 
previous hospital admission; and ethnicity, categorised into four distinct 
groups to reflect the most prevalent ethnic groups in the 2011 Census in 
England and Wales: White, South Asian, Black and Mixed/Other [30]. 
White included British, Irish, any other White; South Asian included 
Pakistani, Indian, Bangladeshi, other Asian ethnic groups, White and 
Asian; Black included African, Caribbean, any other Black ethnic group, 
White and Black Caribbean, White and Black African; Mixed/Other 
included Chinese, any other ethnic group, any other mixed background. 
While in the 2011 Census White and Asian, White and Black Caribbean, 
and White and Black African were all considered as Mixed ethnic group, 
we considered White and Asian as Asian, and White and Black Carib
bean/African as Black, to reflect differences in several outcomes and 
mortality between Black and Asian subjects [31]. 

2.3. Outcome 

Following the first recorded CVD event, we collected information on 
three outcomes: all–cause mortality; CVD–related mortality (mortality 
with any CVD event as the underlying cause); and a second fatal or 
non–fatal CVD event. ONS death data were used to determine all–cause 
and CVD–related mortality. The second CVD event was defined as a fatal 
or non–fatal CVD event following the first CVD event and reporting a 
primary diagnosis code of a different phenotype compared to that of the 
first CVD event (i.e., cerebrovascular accident as first event followed by 
a fatal or non–fatal myocardial infarction as second event), in order to 
exclude codes that had been repeated due to re-recording of previous 
diagnoses. Patients were followed from the first recorded CVD event to 
the outcome occurrence or end of the study period, whichever occurred 
earlier. 

2.4. Statistical analysis 

We reported the median and interquartile range (IQR) of age at first 
CVD event by ethnicity and type 2 diabetes. The number of each 
outcome was calculated overall and stratified by ethnicity and type 2 
diabetes: to estimate the person–years of observation, subjects were 
followed up from the first CVD event to the occurrence of the outcome or 
end of the study period: for each outcome, overall and stratified rates 
were calculated as number of outcome events per 1,000 person–years 
(PYs). We estimated the survival probability using the Kaplan–Meier 
method. Cumulative incidences, accounting for the competing risk of 
deaths for other causes, were estimated to obtain the probability of a 
second CVD event over time, by ethnicity and type 2 diabetes. Separate 
Cox proportional hazard models for each outcome were used to quantify 
the hazard ratio (HR) of ethnicity (reference: White) and type 2 diabetes 
(reference: no type 2 diabetes), adjusted for age at first CVD event and 
deprivation. All analyses were stratified by sex and performed in Stata/ 
SE version 15.1; the stcompet command was used to estimate the cu
mulative incidences. 

3. Results 

3.1. Study cohort 

A total of 5,349,271 patients (men: 2,982,509; 55.8%) met the in
clusion criteria (Fig. S1). Among them, 885,281 (16.5%) had type 2 
diabetes: 85.1% were of White, 9.4% South Asian, 3.2% Black, and 2.3% 
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Mixed/Other ethnic background; corresponding figures in subjects 
without type 2 diabetes were 93.6%, 3.1%, 1.7%, and 1.6%, respectively 
(Supplementary Material Table S1). 

Overall, the median age at first CVD event was 72 (IQR, 63–80) years 
in subjects with type 2 diabetes and 70 (58–80) in those without 
(Table 1). The median age, however, varied by ethnicity: in subjects 
with type 2 diabetes, it was 73 (65–81) years in White, 65 (56–74) in 
South Asian, 70 (59–78) in Black, and 67 (57–76) in Mixed/Other 
ethnicity. In patients without type 2 diabetes, corresponding values 
were 71 (59–81), 59 (47–71), 56 (44–71), and 60 (48–73) years, 
respectively (Table 1). Regardless of ethnicity and type 2 diabetes, the 
median age at first CVD event was higher in women than in men 
(Table S2). 

3.2. All–cause mortality 

During the follow–up (maximum, 18.4 years), 2,346,957 deaths 
were recorded (1,210,266 in men; 51.7%), of which 455,355 occurred in 
subjects with type 2 diabetes (51.4% of all subjects with type 2 diabetes 
with a first CVD event) and 1,891,602 in those without (42.4% of all 
subjects without type 2 diabetes with a first CVD event; Table S3). 

Crude incidence proportions of death varied across ethnicity, 
ranging from a minimum of 32.5% in South Asian to a maximum of 
54.4% in White for subjects with type 2 diabetes and from 22.3% to 
43.7% in the same ethnic groups in those without type 2 diabetes; 
proportions were higher in women than in men, except in the Black 
ethnicity group (Table S3). Similarly, crude mortality rates differed 
substantially across ethnicity and type 2 diabetes status: in subjects of 
White ethnicity, rates were 116.1 (95% CI: 115.7–116.4) and 71.2 
(71.1–71.3) per 1,000 PYs in those with and without type 2 diabetes, 
respectively; corresponding estimates in other ethnic groups were 52.2 
(51.6–52.8) and 29.6 (29.2–29.9) in South Asian, 76.8 (75.4–78.2) and 
35.0 (34.5–35.5) in Black, and 58.6 (57.2–60.1) and 36.6 (36.1–37.5) in 
Mixed/Other ethnicity (Table 2). Regardless of type 2 diabetes, crude 
rates were higher in women than in men of all ethnicities, except in the 
Black ethnicity group (Table 2). Differences in mortality rates were also 
observed by deprivation: 69.5 and 75.9 deaths per 1,000 PYs in the most 
and least affluent group, respectively (Table S4). 

The unadjusted risk of death during the follow–up was persistently 
higher amongst individuals with type 2 diabetes: in men, survival 
probabilities were 61.0% at 5 years, 42.2% at 10 years, and 28.4% at 15 
years; corresponding estimates in subjects without type 2 diabetes were 
72.1%, 58.2%, and 45.7% (Fig. S2). In women, survival probabilities 
were 53.8% at 5 years, 35.2% at 10 years, and 23.2% at 15 years in 
subjects with type 2 diabetes and 63.3%, 48.6%, and 37.4%, respec
tively, in those without (Fig. S2). Survival probabilities also varied by 
ethnicity: in men with type 2 diabetes, at 10 years survival was 39.1% in 
White, 48.2% in Black, 62.1% in Mixed/Other, and 63.1% in South 
Asian ethnicity (Fig. 1); corresponding estimates in those without type 2 
diabetes were 56.9%, 71.2%, 75.2%, and 78.0%. In women with type 2 
diabetes, at 10 years survival was 31.7% in White, 50.8% in Black, 
54.6% in Mixed/Other, and 59.4% in South Asian ethnicity and 47.2%, 
74.2%, 67.6%, and 73.2%, respectively, in those without. 

After accounting for age at first CVD event, deprivation, and type 2 
diabetes, compared to White ethnicity the mortality rates were lower in 
all minority ethnic groups, with HRs of 0.64 (95% CI: 0.63–0.65), 0.79 
(0.78–0.80), and 0.74 (0.73–0.75) in men of South Asian, Black, and 
Mixed/Other ethnicity, respectively; corresponding estimates in women 
were 0.69 (0.68–0.70), 0.74 (0.72–0.75), and 0.77 (0.75–0.78) 
(Table 3). The adjusted HR for type 2 diabetes was 1.34 (1.34–1.35) in 
both men and women. 

3.3. Cardiovascular disease mortality 

During the study period, 814,157 CVD–related deaths (434,994 in 
men; 53.4%) occurred: 162,892 in subjects with type 2 diabetes (18.4% Ta
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Table 2 
Rate of events following the first (index) cardiovascular event by type 2 diabetes, ethnicity and sex.  

Ethnicity Rate per 1,000 person-years (95% confidence interval) 

All-cause mortality  Cardiovascular disease mortality  Different second cardiovascular event 

Type 2 
diabetes 

No 
type 2 diabetes  

Type 2 
diabetes 

No 
type 2 diabetes  

Type 2 
diabetes 

No 
type 2 diabetes 

Men 95.6 (95.2–95.9) 59.0 (58.9–59.1)  35.8 (35.5–36.0) 21.0 (20.9–21.1)  37.9 (37.7–38.1) 24.5 (24.4–24.6) 
White 104.5 (104.1–105.0) 61.4 (61.3–61.5)  38.8 (38.5–39.0) 21.7 (21.6–21.8)  39.3 (39.1–39.6) 24.9 (24.8–25.0) 
South Asian 49.1 (48.3–49.9) 27.1 (26.7–27.5)  21.3 (20.8–21.8) 11.4 (11.1–11.6)  31.0 (30.4–31.6) 20.7 (20.4–21.1) 
Black 78.4 (76.4–80.4) 37.1 (36.4–37.8)  25.5 (24.4–26.7) 13.6 (13.2–14.1)  33.9 (32.7–35.3) 18.8 (18.3–19.3) 
Mixed/Other 52.5 (50.9–54.3) 31.7 (31.1–32.4)  21.1 (20.0–22.2) 11.9 (11.5–12.3)  28.9 (27.6–30.2) 18.2 (17.7–18.7)  

Women 120.8 (120.3–121.3) 81.7 (81.5–81.8)  40.8 (40.5–41.1) 27.2 (27.1–27.3)  37.9 (37.6–38.2) 23.0 (22.9–23.1) 
White 134.2 (133.5–134.8) 85.1 (85.0–85.3)  44.9 (44.5–45.2) 28.3 (28.2–28.4)  39.7 (39.4–40.1) 23.6 (23.5–23.7) 
South Asian 57.1 (56.3–58.1) 34.0 (33.4–34.6)  22.3 (21.7–23.0) 12.3 (11.9–12.7)  29.7 (28.9–30.4) 16.2 (15.8–16.6) 
Black 75.2 (73.3–77.2) 32.5 (31.8–33.2)  24.1 (23.0–25.2) 11.1 (10.7–11.5)  30.7 (29.5–32.0) 14.4 (13.9–14.9) 
Mixed/Other 69.0 (66.4–71.5) 44.5 (43.5–45.5)  23.6 (22.1–25.1) 15.3 (14.8–15.9)  28.0 (26.4–29.6) 15.6 (15.0–16.1)  

All subjects 105.5 (105.2–105.8) 68.4 (68.3–68.5)  37.7 (37.5–37.9) 23.5 (23.4–23.6)  37.9 (37.7–38.1) 23.9 (23.8–24.0) 
White 116.1 (115.7–116.4) 71.2 (71.1–71.3)  41.2 (41.0–41.4) 24.4 (24.4–24.5)  39.5 (39.3–39.7) 24.4 (24.3–24.4) 
South Asian 52.2 (51.6–52.8) 29.6 (29.2–29.9)  21.7 (21.3–22.1) 11.7 (11.5–11.9)  30.5 (30.0–31.0) 19.1 (18.8–19.4) 
Black 76.8 (75.4–78.2) 35.0 (34.5–35.5)  24.8 (24.0–25.6) 12.5 (12.1–12.8)  32.4 (31.5–33.3) 16.8 (16.4–17.1) 
Mixed/Other 58.6 (57.2–60.1) 36.6 (36.1–37.5)  22.0 (21.2–22.9) 13.2 (12.9–13.6)  28.5 (27.6–29.6) 17.2 (16.8–17.6)  

Fig. 1. Kaplan Meier survival by ethnicity and sex, in people with and without type 2 diabetes, Shown are the Kaplan-Meier survival probabilities following the first 
(index) cardiovascular event and the number of subjects at risk. 
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of all subjects with type 2 diabetes) and 651,265 (14.6%) in those 
without (Table S3). 

Crude incidence proportions of CVD–related death were very similar 
among South Asian, Black, and Mixed/Other ethnic groups, in both 
subjects with (range, 12.2%–13.5%) and without (8.7%–8.8%) type 2 
diabetes; conversely, proportions were higher in White (19.3% and 
15.0%, respectively); this pattern was observed in both men and women 
(Table S3). These estimates mirrored similar findings for rates, which 
were very similar in South Asian, Black, and Mixed/Other ethnic groups 
(range, 21.7–24.8 CVD–related deaths per 1,000 PYs in subjects with 
type 2 diabetes; 11.7–13.2 in those without) but higher in White (41.2 
and 24.4, respectively; Table 2). Moderate differences in rates were 
observed by deprivation: 23.9 and 26.1 CVD–related deaths per 1,000 
PYs in the most and least affluent group, respectively (Table S4). 

The risk of CVD–related mortality was lower in all minority ethnic 
groups compared to White ethnicity: adjusted HRs were 0.78 (95% CI: 
0.77–0.79), 0.79 (0.77–0.81), and 0.79 (0.77–0.81) in men of South 
Asian, Black, and Mixed/Other ethnicity, respectively; corresponding 
estimates in women were 0.83 (0.81–0.85), 0.77 (0.75–0.79), and 0.81 
(0.78–0.83) (Table 3). The adjusted HR for type 2 diabetes was 1.37 
(1.36–1.38) in men and 1.31 (1.30–1.33) in women. 

3.4. Different second cardiovascular disease event 

Of the 824,439 different second CVD events recorded during the 
follow–up (497,651 in men; 60.4%), 163,501 occurred in subjects with 
type 2 diabetes (18.5% of all subjects with type 2 diabetes) and 660,938 
(14.8%) in those without (Table S3). 

Crude incidence proportions of second events varied slightly across 
ethnicity: in subjects with type 2 diabetes, 15.9% in Mixed/Other, 
17.6% in Black, 18.5% in White, and 19.0% in South Asian; 

corresponding figures in subjects without type 2 diabetes were 11.3%, 
11.7%, 14.9%, and 14.4%; differences were small also when considered 
separately in men and women (Table S3). Crude rates of a second CVD 
event were also very similar among South Asian (30.5 and 19.1 events 
per 1,000 PYs in subjects with and without type 2 diabetes, respec
tively), Black (32.4 and 16.8), and Mixed/Other (28.5 and 17.2) ethnic 
groups, while they were higher in White (39.5 and 24.4); this pattern 
was observed in both men and women (Table 2). Modest differences in 
rates were observed by deprivation: 24.3 and 27.5 events per 1,000 PYs 
in the most and least affluent group, respectively (Table S4). 

In men with type 2 diabetes, the unadjusted cumulative incidence of 
a different second CVD event 10 years after the first CVD event was 
21.8% in White, 21.1% in Black, 19.2% in Mixed/Other, and 22.2% in 
South Asian; corresponding figures in subjects without type 2 diabetes 
were 17.5%, 14.6%, 13.8%, and 17.3% (Fig. 2). In women with type 2 
diabetes, the estimate was 19.5% in White, 19.4% in Black, 17.3% in 
Mixed/Other, and 20.4% in South Asian; corresponding figures in those 
without type 2 diabetes were 14.6%, 11.5%, 11.4%, and 12.9%. When 
the incidence was evaluated by first CVD event phenotype, there were 
large differences in the incidence of a different second CVD event: in 
subjects with or without type 2 diabetes, the incidence was, on average, 
progressively greater for the first CVD event of the following phenotype: 
Other; CVA; HF; PVD; MI; and AA (Fig. S3). The incidence of second 
events was lower in subjects without type 2 diabetes, with the largest 
differences observed in subjects who experienced a first CVD event of 
the phenotype CVA or Other. Ethnic differences were mainly observed 
following a first AA, CVA, HF, or PVD in subjects with type 2 diabetes 
and following a first HF or PVD in those without (Fig. S3). 

Compared to White ethnicity, the adjusted HR for a second CVD 
event was 0.98 (95% CI: 0.97–1.00), 0.84 (0.82–0.86), and 0.85 
(0.83–0.87) in men of South Asian, Black, and Mixed/Other ethnicity, 

Table 3 
Hazard ratios of events following the first (index) cardiovascular event.   

Men  Women 

All-cause 
mortality 

Cardiovascular disease 
mortality 

Different second 
cardiovascular event 

All-cause 
mortality 

Cardiovascular disease 
mortality 

Different second 
cardiovascular event 

Ethnicity 
White Reference Reference Reference  Reference Reference Reference 
South Asian 0.64 

(0.63–0.65) 
0.78 (0.77–0.79) 0.98 (0.97–1.00)  0.69 

(0.68–0.70) 
0.83 (0.81–0.85) 0.95 (0.94–0.97) 

Black 0.79 
(0.78–0.80) 

0.79 (0.77–0.81) 0.84 (0.82–0.86)  0.74 
(0.72–0.75) 

0.77 (0.75–0.79) 0.86 (0.84–0.88) 

Mixed/Other 0.74 
(0.73–0.75) 

0.79 (0.77–0.81) 0.85 (0.83–0.87)  0.77 
(0.75–0.78) 

0.81 (0.78–0.83) 0.83 (0.81–0.86)  

Type 2 diabetes 
No Reference Reference Reference  Reference Reference Reference 
Yes 1.34 

(1.34–1.35) 
1.37 (1.36–1.38) 1.27 (1.26–1.28)  1.34 

(1.34–1.35) 
1.31 (1.30–1.33) 1.42 (1.41–1.43)  

Deprivation quintiles 
5 (most 
affluent) 

Reference Reference Reference  Reference Reference Reference 

4 1.08 
(1.07–1.09) 

1.10 (1.09–1.10) 1.06 (1.05–1.07)  1.07 
(1.06–1.08) 

1.08 (1.07–1.09) 1.06 (1.04–1.07) 

3 1.16 
(1.15–1.17) 

1.18 (1.16–1.19) 1.10 (1.09–1.11)  1.13 
(1.12–1.14) 

1.15 (1.14–1.16) 1.11 (1.10–1.12) 

2 1.30 
(1.29–1.31) 

1.29 (1.28–1.30) 1.16 (1.15–1.17)  1.22 
(1.21–1.23) 

1.22 (1.21–1.23) 1.18 (1.16–1.19) 

1 (most 
deprived) 

1.51 
(1.50–1.52) 

1.48 (1.47–1.49) 1.26 (1.24–1.27)  1.35 
(1.34–1.36) 

1.33 (1.32–1.35( 1.29 (1.28–1.31) 

Unknown 0.50 
(0.49–0.51) 

0.56 (0.55–0.58) 0.44 (0.43–0.46)  0.55 
(0.55–0.57) 

0.63 (0.61–0.65) 0.48 (0.46–0.50)  

Age (per 5-year increase)  
1.47 
(1.46–1.47) 

1.43 (1.42–1.43) 1.10 (1.10–1.11)  1.42 
(1.42–1.43) 

1.42 (1.41–1.42) 1.15 (1.14–1.15) 

Hazard ratios (95% confidence interval) adjusted for all variables shown in the table. 
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respectively; corresponding estimates in women were 0.95 (0.94–0.97), 
0.86 (0.84–0.88), and 0.83 (0.81–0.86) (Table 3). The adjusted HR for 
type 2 diabetes was 1.27 (1.26–1.28) in men and 1.42 (1.41–1.43) in 
women. 

4. Discussion 

In this study, we found that subjects of South Asian, Black, and 
Mixed/Other ethnicity experienced a first CVD event at a younger age 
compared to White, regardless of the presence of type 2 diabetes. 
Following the event, the adjusted rates of a second CVD event were 2%– 
15% lower in men and 5%–17% lower in women of ethnic minority 
groups compared to subjects of White ethnicity; rates of CVD–related 
and all–cause mortality were also consistently lower in men of South 
Asian (22% and 36%, respectively), Black (21% and 21%), and Mixed/ 
Other ethnic groups (21% and 26%) as well as in women (17% and 31%; 
23% and 26%; 19% and 23%, respectively). Lastly, the presence of type 
2 diabetes increased the adjusted risk of all three outcomes by approx
imately a third. These findings therefore indicate the presence of a 
substantial “diabetes gap” in the prognosis of patients with CVD and 
highlight the importance of considering ethnicity when implementing 
complementary primary and secondary prevention strategies to reduce 
the total CVD burden. 

An earlier occurrence of first CVD events in subjects of ethnic mi
nority groups has been reported in recent studies including subjects from 

the UK. Coles et al. reported the age at occurrence of approximately 
67,000 first CVD event in around 735,000 UK primary care subjects with 
and without type 2 diabetes: the median age was 73.1 years (ranging 
from 66.9 in South Asian to and 73.4 in White) in those with type 2 
diabetes and 68.3 years (from 54.2 in Black to 68.8 in White) in those 
without [8]. These findings are in line with our results, which are based 
on a considerably larger sample of CVD events, confirming that subjects 
of White ethnicity – with or without type 2 diabetes – have a first CVD 
event at an older age compared to other ethnic groups. Two other recent 
studies have investigated the age at CVD occurrence across ethnic 
groups, yet with no details in relation to type 2 diabetes: in the first [7], 
based on a small number of CVD events (537 composite cerebrovascular, 
coronary, and CVD–related mortality events), Vyas et al. reported a 
median age of 70, 69, and 66 years in African Caribbeans, Europeans, 
and South Asians, respectively. In the second study [9], including about 
280,000 subjects with non–ST elevation myocardial infarction 
(NSTEMI), Moledina et al. reported a median age of 73 in White vs 66 
years in ethnic minority individuals. From this perspective, our findings 
– based on the largest UK cohort of patients with a first CVD event and 
with information on both ethnicity and diabetes status – aligns with 
previous evidence and compellingly show that the primary prevention 
strategies implemented in the last two decades in the UK to reduce the 
risk of CVD have not translated into the same benefit in subjects with 
and without type 2 diabetes and across ethnic groups [2,3,12]. 

In contrast with the extensive literature around risk factors for single 

Fig. 2. Cumulative incidence of a different second cardiovascular disease event by ethnicity and sex, in people with and without type 2 diabetes. Cumulative 
incidence of any second CVD event different from the first (index) cardiovascular event. 
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(first) CVD events, the evidence on the recurrence of CVD events and the 
prognosis after a first event is more limited, particularly among ethnic 
minority groups. While type 2 diabetes has been associated with a worse 
prognosis (higher mortality) in subjects with a previous MI [32], HF 
[33], or stroke [34], conflicting data are available on ethnic disparities. 
Vyas et al. showed differences in the crude rates of fatal and non–fatal 
recurrent CVD events and all–cause mortality in the UK among South 
Asian, African Caribbean, and European subjects; however, accounting 
for demographic, vascular, and lifestyle risk factors, there was no evi
dence of an excess risk in South Asians and African Caribbeans, 
compared to White subjects, for both outcomes [7]. In the study of 
Moledina et al. [9], the authors similarly found no difference between 
White and minority ethnic group subjects in the prognosis (evaluated in 
terms of in–hospital events – death or cardiovascular events) following 
NSTEMI, once differences in cardiometabolic risk factors and treatments 
were accounted for. These findings were also observed in another UK 
study by Jones et al. [11], where there was no difference in the short– 
(in–hospital major fatal and non–fatal CVD events) and medium–term 
(all–cause death) prognosis comparing South Asians to White patients 
undergoing percutaneous coronary intervention, once the differences in 
the risk factors between the two groups were accounted for. Viewed 
from an aetiological perspective, the results from these three UK studies 
would suggest that the differential risk in the cardiovascular prognosis 
and mortality observed across ethnicities could be explained by differ
ences in the prevalence of risk factors among the ethnic groups. In 
contrast with these and other similar observations [35,36], in subjects 
with prior angina or myocardial infarction Zaman et al. showed a 22% 
lower mortality risk in South Asian compared to White ethnicity, 
regardless of the presence of diabetes [12]. 

Identifying the precise pattern of interrelated causes underpinning 
our (and previous) findings is difficult, given the complex interplay 
between numerous biological, environmental, demographic, social, and 
healthcare related factors which have been suggested to explain ethnic 
differences in health outcomes [37,38]. However, as our data were ob
tained from admitted patients, it is worth noting that ethnic inequalities 
exist in hospital admission in England: investigating around 41 million 
hospitalisations between 2009 and 2014, Petersen et al. showed large 
variations among ethnic groups in the age– and deprivation–adjusted 
overall and cause–specific number of admissions, particularly for CVD– 
and diabetes–related hospitalisation [39]; therefore, information on 
CVD and type 2 diabetes from hospital data may reflect inequalities in 
the access to healthcare services rather than the population burden of 
these two conditions [40,41]. A further element to consider is the var
iable proportion of migrants among ethnics group [16]: as there is evi
dence that people who migrate to UK are generally healthier than 
UK–born population [42–44], variations in these proportions may 
contribute to the lower mortality rates in some ethnic groups. Whether 
differences in hospital treatments or in primary or secondary prevention 
strategies also contribute to the observed ethnic inequalities is uncer
tain, as the existing studies investigating these hypotheses are very 
heterogeneous in their designs and available data [7,9,11,12]. 

When examining differences in the prognosis in relation to the 
phenotype of the first CVD event, several patterns emerged. First, the 
unadjusted absolute risk of a second CVD event was largest following an 
index AA or MI (between 35% and 60% at 10 years) event, followed by 
PVD and HF (20%–35%), and CVA and CVD event of other type (7%– 
18%). Second, the excess risk associated with type 2 diabetes was 
greater if the index event was a CVA or a CVD event of other type, while 
it was modest or absent for other index CVD events. Third, the excess 
risk associated with ethnicity was different across both the index event 
and type 2 diabetes: for example, in subjects with type 2 diabetes, the 
risk at 10 years was highest in South Asians if the index event was a CVA, 
PVD, or HF; conversely, in subjects without type 2 diabetes the risk was 
highest only for an index PVD event. Although two previous studies, 
including UK primary care patients, have explored the risk of phenoty
pically–different first CVD events by ethnicity and type 2 diabetes 

[8,45], to our knowledge there are no previous investigations aimed at 
quantifying the risk of recurrent CVD events in relation to the index CVD 
phenotype and type 2 diabetes among ethnic different groups. 

The use of a large cohort of individuals with around a 20–year 
coverage of the population of England is a major strength of this study, 
as it allowed us to obtain precise and sex-specific estimate in clinically 
relevant subgroups defined by type 2 diabetes status, ethnicity, and first 
CVD event type. Furthermore, we reported both relative (hazard ratio) 
and absolute (survival and cumulative incidence probabilities) esti
mates, as these metrics are complementary: however, while relative 
estimates accounted for differences across ethnic groups in the prog
nostic factors associated with the outcomes, variations in the probabil
ities amongst ethnic groups reflected also differences in the these 
factors, including age at first CVD event; nevertheless, the adjusted es
timates were consistent with the unadjusted probabilities. Although 
diseases in HES are recorded using the ICD–10 codes, facilitating com
parisons with similar studies in other countries, variations in how dis
eases are coded exist among hospitals and financial incentives to 
improve coding have resulted in an increase in the number of codes 
[46]. Compared to primary care electronic health records and registries, 
patient–level information (i.e., cardiometabolic risk factors, medica
tions, type 2 diabetes duration) is less granular in HES, limiting the 
possibility to explore putative causal factors underpinning differences 
among ethnic groups, type 2 diabetes status, or index CVD event; 
however, we were able to adjusted for key factors robustly associated 
with CVD and mortality (i.e., age and deprivation). Nonetheless, the 
main goal of our study was to explore whether potentially relevant 
differences in the prognosis among subjects of different ethnicity and by 
type 2 diabetes are present in subjects admitted to hospital for a CVD 
event, rather than investigate and quantify causes [47]. In line with the 
available information on ethnicity in HES and the most prevalent ethnic 
groups in the 2011 Census in England and Wales, we defined four ethnic 
groups; however, there is emerging evidence that there are variations in 
the risk of health–related outcomes within ethnic groups (i.e., among 
Pakistani, Indian, and Bangladeshi within South Asians) [31]. Moreover, 
instead of grouping them together as Mixed ethnicity, we considered 
White and Asian as Asian and White and Black Caribbean/African as 
Black as differences in multiple health–related outcomes and mortality 
between Black and Asian subjects have been shown [31]. While high
lighting that discrepancy exists in coding Mixed ethnic group [48], we 
believe that considering these three groups as Mixed (like in the 2011 
Census) would not change our estimates because the proportion of 
subjects in these three groups, combined, is the 0.22% of all subjects in 
our study. Although our findings align with the evidence of a greater 
mortality in White people in UK [10,49], the effect of ethnicity on 
recurrent CVD events may in part reflect a selection bias (subjects with a 
first CVD event [50]) and cannot be entirely generalised to countries 
with different healthcare systems. Lastly, it is possible that some patients 
had a CVD event before 1st January 2002 (starting date of the study), 
which was not captured in the population definition: however, data 
before this date were sparse and therefore not included in the analysis. 

Building upon previous evidence – mostly based on classical obser
vational studies exploring differences in the occurrence of a single, first 
CVD event of interest – in this study we detailed the long–term prognosis 
in subjects admitted to hospital for a CVD event in relation to type 2 
diabetes and ethnicity. We found that the risk of a second CVD event and 
death was consistently higher in subjects with type 2 diabetes while 
varied across ethnic groups, suggesting that strategies accounting for 
ethnic disparities should be implemented in a life course approach to 
primary and secondary cardiovascular disease prevention. 

Funding 

Jointly funded by East and West Midlands Applied Research 
Collaboration (ARC). 

S.C. Remsing et al.                                                                                                                                                                                                                              



Diabetes Research and Clinical Practice 189 (2022) 109967

8

Declaration of Competing Interest 

The authors declare the following financial interests/personal re
lationships which may be considered as potential competing interests: 
MJD has acted as a consultant, advisory board member and speaker for 
Novo Nordisk, Sanofi-Aventis, Lilly, Merck Sharp & Dohme, Boehringer 
Ingelheim, AstraZeneca and Janssen, an advisory board member for 
Servier and Gilead Sciences Ltd, and as a speaker for NAPP, Mitsubishi 
Tanabe Pharma Corporation and Takeda Pharmaceuticals International 
Inc. She has received grant/research support from Novo Nordisk, Sanofi- 
Aventis, Lilly, Boehringer Ingelheim, AstraZeneca and Janssen. KK has 
acted as a consultant and speaker for Novartis, Novo Nordisk, Sanofi
–Aventis, Lilly and Merck Sharp & Dohme; has received grants in sup
port of investigator and investigator–initiated trials from Novartis, Novo 
Nordisk, Sanofi–Aventis, Lilly, Pfizer, Boehringer Ingelheim and Merck 
Sharp & Dohme; and has received funds for research and served on 
advisory boards for Lilly, Sanofi–Aventis, Merck Sharp & Dohme and 
Novo Nordisk. FZ has received honoraria for speaking at meetings from 
NAPP Pharmaceuticals and Boehringer Ingelheim outside the submitted 
work. All other authors: no conflicts of interest. 

Acknowledgements 

FZ and KK acknowledge the National Institute for Health Research 
(NIHR) – Applied Research Collaboration (ARC) East Midlands; TY and 
MJD acknowledge the NIHR Leicester Biomedical Research Centre. The 
views expressed in this publication are those of the author(s) and not 
necessarily those of the NHS, the NIHR, or the Department of Health. 

Ethical Approval 

This study, registered with the local Clinical Audit Department 
(Clinical Audit Registration and management System number 14671), 
did not require ethics approval or patient consent. Data were used in line 
with the data sharing agreement with NHS Digital. 

Availability of data and materials 

Linked HES and ONS data may be obtained from NHS Digital via the 
Data Access Request Service (DARS) and are not publicly available. 

Appendix A. Supplementary material 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.diabres.2022.109967. 

References 

[1] Office for National Statistics. Population of England and Wales; 2020. 
[2] Cainzos-Achirica M, Fedeli U, Sattar N, Agyemang C, Jenum AK, McEvoy JW, et al. 

Epidemiology, risk factors, and opportunities for prevention of cardiovascular 
disease in individuals of South Asian ethnicity living in Europe. Atherosclerosis 
2019;286:105–13. 

[3] Volgman AS, Palaniappan LS, Aggarwal NT, Gupta M, Khandelwal A, Krishnan AV, 
et al. Atherosclerotic Cardiovascular Disease in South Asians in the United States: 
Epidemiology, Risk Factors, and Treatments: A Scientific Statement From the 
American Heart Association. Circulation 2018;138:e1–34. 

[4] Patel DJ, Winterbotham M, Britt RP, Sutton GC, Bhatnagar D, Mackness MI, et al. 
Coronary risk factors in people from the Indian subcontinent living in west London 
and their siblings in India. Lancet 1995;345(8947):405–9. 

[5] Hughes LO, Raval U, Raftery EB. First myocardial infarctions in Asian and white 
men. BMJ 1989;298(6684):1345–50. 

[6] Blackledge HM, Newton J, Squire IB. Prognosis for South Asian and white patients 
newly admitted to hospital with heart failure in the United Kingdom: historical 
cohort study. BMJ 2003;327:526–31. 

[7] Vyas MV, Chaturvedi N, Hughes AD, Marmot M, Tillin T. Cardiovascular disease 
recurrence and long-term mortality in a tri-ethnic British cohort. Heart 2021;107 
(12):996–1002. 

[8] Coles B, Zaccardi F, Ling S, Davies MJ, Samani NJ, Khunti K. Cardiovascular events 
and mortality in people with and without type 2 diabetes: An observational study 

in a contemporary multi-ethnic population. J Diabetes Investig 2021;12(7): 
1175–82. 

[9] Moledina SM, Shoaib A, Weston C, Aktaa S, Van Spall HGC, Kassam A, et al. Ethnic 
disparities in care and outcomes of non-ST-segment elevation myocardial 
infarction: a nationwide cohort study. Eur Heart J Qual Care Clin Outcomes 2021. 
https://doi.org/10.1093/ehjqcco/qcab030. 

[10] Wilkinson P, Sayer J, Laji K, Grundy C, Marchant B, Kopelman P, et al. Comparison 
of case fatality in south Asian and white patients after acute myocardial infarction: 
observational study. BMJ 1996;312(7042):1330–3. 

[11] Jones DA, Gallagher S, Rathod KS, Redwood S, de Belder MA, Mathur A, et al. 
Mortality in South Asians and Caucasians after percutaneous coronary intervention 
in the United Kingdom: an observational cohort study of 279,256 patients from the 
BCIS (British Cardiovascular Intervention Society) National Database. JACC 
Cardiovasc Interv 2014;7(4):362–71. 

[12] Zaman MJS, Philipson P, Chen R, Farag A, Shipley M, Marmot MG, et al. South 
Asians and coronary disease: is there discordance between effects on incidence and 
prognosis? Heart 2013;99(10):729–36. 

[13] Francis DK, Bennett NR, Ferguson TS, Hennis AJM, Wilks RJ, Harris EN, et al. 
Disparities in cardiovascular disease among Caribbean populations: a systematic 
literature review. BMC Public Health 2015;15(1). https://doi.org/10.1186/ 
s12889-015-2166-7. 

[14] Lawson CA, Zaccardi F, Squire I, Okhai H, Davies M, Huang W, et al. Risk Factors 
for Heart Failure: 20-Year Population-Based Trends by Sex, Socioeconomic Status, 
and Ethnicity. Circ Heart Fail 2020;13(2). https://doi.org/10.1161/ 
CIRCHEARTFAILURE.119.006472. 

[15] Lawson C, Crothers H, Remsing S, Squire I, Zaccardi F, Davies M, et al. Trends in 
30-day readmissions following hospitalisation for heart failure by sex, 
socioeconomic status and ethnicity. EClinicalMedicine 2021; 38: 101008. 

[16] Goff LM. Ethnicity and Type 2 diabetes in the UK. Diabet Med 2019;36:927–38. 
[17] Pham TM, Carpenter JR, Morris TP, Sharma M, Petersen I. Ethnic Differences in the 

Prevalence of Type 2 Diabetes Diagnoses in the UK: Cross-Sectional Analysis of the 
Health Improvement Network Primary Care Database. Clin Epidemiol 2019;11: 
1081–8. 
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