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Background. Evidence on the risk of cardiovascular disease (CVD) and CVD risk factors in people with human immunodefi-
ciency virus (PWH) is limited. We aimed to identify the risk of composite CVD, individual CVD events, and common risk factors.

Methods. This was a nationwide, population-based, cohort study comparing adult (>18 years old) PWH with people
without human immunodeficiency virus (HIV) matched on age, sex, ethnicity, and location. The primary outcome was composite
CVD comprising stroke, myocardial infarction, peripheral vascular disease, ischemic heart disease, and heart failure. The secondary
outcomes were individual CVD events, hypertension, diabetes, chronic kidney disease (CKD), and all-cause mortality. Cox propor-
tional hazard regression models were used to examine the risk of each outcome.

Results. We identified 9233 PWH and matched them with 35 721 HIV-negative individuals. An increased risk was found for
composite CVD (adjusted hazard ratio [aHR], 1.50; 95% confidence interval [CI], 1.28-1.77), stroke (aHR, 1.42; 95% CI, 1.08-1.86),
ischemic heart disease (aHR, 1.55; 95% CI, 1.24-1.94), hypertension (aHR, 1.37; 95% CI, 1.23-1.53), type 2 diabetes (aHR, 1.28; 95%

CI, 1.09-1.50), CKD (aHR, 2.42; 95% CI, 1.98-2.94), and all-cause mortality (aHR, 2.84; 95% CI, 2.48-3.25).

Conclusions.
screening for such conditions.
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PWH have a heightened risk for CVD and common CVD risk factors, reinforcing the importance for regular
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The expansion of access to antiretroviral therapy (ART) has
substantially reduced acquired immune deficiency syndrome
(AIDS)-related mortality [1]. Subsequently, non-AIDS-related
causes of death in people with human immunodeficiency
virus (PWH) has increased, such as causes due to cardiovas-
cular disease (CVD) [1]. Previous estimates suggest that PWH
have a 2-fold risk for developing CVD compared with their
human immunodeficiency virus (HIV)-negative counterparts,
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although most studies were conducted over a decade ago [2].
CVD risk may have changed over the last decade due to better
management of common CVD risk factors in PWH [3, 4],
earlier initiation of ART [5], and reduced toxicity of ART [6].
Thus, evidence on the current overall risk of CVD is unknown.

The relationship between CVD and HIV is complex and
poorly understood [6]. Various HIV and non-HIV mech-
anisms may contribute to PWH’s susceptibility of CVD and
may lead to varying risks for individual CVD events [6]. Most
studies that report the risk of CVD events in PWH were con-
ducted in the United States (US), where healthcare access
and health-seeking behaviors differ from other countries, in-
cluding the United Kingdom (UK) where healthcare is free.
For instance, a 2019 US study that investigated the risk of mul-
tiple CVD events in PWH used data from a large insurance
database thus excluding uninsured individuals who are more
deprived and vulnerable to CVD [7]. Similarly, the Veterans
Aging Cohort Study (VACS) has investigated various CVD
events [8-10]; however, this cohort of US veterans represent
a more deprived older population with a high proportion
of people from ethnic minority groups (70%-80%) and few
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women (4%), limiting the generalizability of their results [8, 9,
11]. Studies conducted outside the US often suffer from design
limitations, such as not controlling for key confounders (eg,
ethnicity) [12-14] and not matching the comparison group
[12, 14]. In addition, most studies focus on stroke, myocardial
infarction (MI), and heart failure, thus limiting the evidence
on other CVD events such as peripheral vascular disease
(PVD) and ischemic heart disease [6].

Our primary aim is to identify the risk of composite CVD in
PWH, comprising stroke, PVD, ischemic heart disease, M1, and
heart failure. Second, we aim to identify the risk of individual
CVD events, all-cause mortality, and common CVD risk factors
including hypertension, type 2 diabetes, and chronic kidney
disease (CKD).

METHODS

We report our study following the Strengthening the
Reporting of Observational Studies in Epidemiology guide-
lines for cohort studies [15]. Ethical approval was received
by the Scientific Review Committee (reference number:
20SRC067).

Study Design

We used a population-based, matched cohort study design.
The data were collected retrospectively, although follow-up
was done prospectively. Data were derived from The Health
Improvement Network (THIN), a nationally representative
UK-based anonymized database of primary care electronic re-
cords [16]. The THIN data for diagnoses, lifestyle, and anthro-
pometric measurements have been considered well recorded
and accurate [16, 17]. More than 90% of the UK population
is registered with a general practice [18], and all general prac-
tices (n = 808) available from THIN were included in our
study. The study period was from January 1, 2000 to January
1, 2020.

Study Population

All adults (>18 years) with a first coded HIV diagnosis were el-
igible. The study entry began 12 months after registration with
the general practice to ensure only incident outcome events of
interest were captured; however, this may not have eliminated
those with asymptomatic existing disease. The index date for
PWH was the latest of the following: HIV diagnosis or 1 year
after the registration date, the practice acceptable mortality
recording date, or the Vision IT system implementation date.
Diagnoses before the study entry were considered prevalent
HIV infections, and diagnoses after the study entry were con-
sidered incident HIV infections.

For each person with HIV, up to 4 individuals without HIV
were matched based on region, sex, age within a 1-year range,
and ethnicity. Criteria for matching was based on characteris-
tics known to impact CVD risk in the general population [19].

Individuals without HIV were assigned the same index date as
their matched counterpart.

Outcomes

The primary outcome of composite CVD included the first
record of PVD, stroke, MI, ischemic heart disease, and heart
failure; subsequent events were not considered. The individual
CVDs were secondary outcomes along with all-cause mortality,
hypertension, type 2 diabetes, and CKD. The CVD risk factors
were chosen based on the literature and data availability. All
conditions were identified by Read codes (Supplementary Table
1); Read codes were introduced in the UK National Health
Service in 1985 and are checked for accuracy every 12 months
[20]. All conditions were clinically diagnosed in primary or sec-
ondary care settings following national guidelines.

Follow up

Follow up was from the index date until the exit date. Exit dates
were calculated for each outcome of interest for each person
and was the earliest date taken from: the date of the outcome of
interest, date they transferred out of the practice, date of death,
or study end date.

Covariates

Covariates were chosen based on existing literature regarding
clinical importance and biological relevance and data availa-
bility [6]. Index year and age at index date were entered into all
adjusted models as continuous variables. Sex (male and female),
ethnicity (white, black, Asian, mixed race, and other), smoking
status (current smoker, ex-smoker, and never smoked), body
mass index (BMI), and social deprivation were entered as cat-
egorical covariates. Body mass index was defined as kg/m” at
study entry and classified using World Health Organization cri-
teria as follows: underweight (BMI of <18 X 5 kg/m?), normal
weight (BMI of 18 x 5 kg/m” to <25 kg/m”), overweight (BMI
of 25 kg/m”* to <30 kg/m®), and obesity class I, II, and III were
combined (BMI of >30 kg/mz) [21]. Townsend scores were
used as a proxy for social deprivation; they are calculated
based on employment, overcrowding (person per room in a
household), car ownership, and house ownership [22]. The 1st
quintile of Townsend scores represent the least deprived indi-
viduals and the 5th quintile represents the most deprived in-
dividuals. Baseline data for hypertension, type 1 or 2 diabetes,
CKD, PVD, stroke, MI, ischemic heart disease, and heart failure
were also included as categorical covariates where appropriate.
ART status, ART classification, and CD4 count data were not
available through THIN and therefore were not included as
covariates.

Statistical Methods

All analyses were conducted in Stata 14.0 (StataCorp, College
Station, TX). All statistical tests were 2-tailed and a P < .05 was
considered statistically significant. Descriptive statistics were
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used for reporting baseline data, presenting means for contin-
uous variables and proportions for categorical variables. Cox
proportional hazard regression models were used to calculate
crude and adjusted hazard ratios (aHRs). A fitness test using
Schoenfeld residuals methods identified 3 covariates that vio-
lated the proportional hazard assumption: age, ethnicity, and
smoking status. Due to the strong relationship between these
covariates and CVD risk [23], they remained in the final model.
Explorative models stratified by ethnicity and smoking status
did not alter the final results. Each model included prevalent
and incident HIV infections. Participants with CVD at baseline
were excluded from the model investigating the risk of com-
posite CVD; however, they were retained for outcomes of hy-
pertension, diabetes, CKD, and all-cause mortality. Similarly,
participants with the outcome of interest at baseline were ex-
cluded for all other outcomes (eg, those with stroke at base-
line were excluded when investigating the risk for stroke).
Subsequently, the baseline data relating to the outcome of in-
terest was not entered as a covariate. Twenty multiple imput-
ations by chained equations were used to impute missing data
for BMI, smoking status, ethnicity, and Townsend. A missing
indicator was added to adjusted regressions for ethnicity due to
the likeliness that missing was not at random [24].

Sensitivity Analysis

To assess for potential effects of bias caused by prevalent HIV
infections, a sensitivity analysis was conducted among incident
HIV infections only using Cox proportional hazard regression
models adjusted the same as the main analysis. Due to a high
proportion of missing data for ethnicity, a sensitivity analysis
was conducted for the primary outcome with records of missing
ethnicity data excluded from the model.

Subgroup Analysis

Subgroup analysis was undertaken for the following: age
(<40 years old and >40 years old), sex (male and female), index
year (2000 to 2009 and 2010 to 2019), smoking status (cur-
rent or ex-smoker and never smoked), deprivation level (least
deprived and most deprived), ethnicity (white and nonwhite
ethnic groups), and BMI (<30 kg/m” and >30 kg/m®). Hazard
ratios with 95% confidence intervals (Cls) are presented for
each subgroup between people with and without HIV. Incident
and prevalent infections were included.

RESULTS

From January 2000 to January 2020, 9233 PWH were identi-
fied and matched with 36 816 people without HIV (Table 1).
Age, sex, and ethnicity were similar between the 2 groups by
design: mean age was 41 years (standard deviation = 11),
34% were female, 37% were White, 22% were Black, 1% were
Asian, 2% were of mixed ethnicity, 2% were of other ethnicity,
and 36% were missing ethnicity data. Twenty-three percent of

PWH were in the most deprived quintile compared with 15%
of people without HIV. Thirty-six percent of PWH and 46% of
people without HIV were either overweight or obese. People
without HIV had a higher proportion of people that reportedly
never smoked (49% vs 55%), and PWH had a higher propor-
tion of current smokers (30% vs 22%). The prevalence of PVD,
stroke, MI, ischemic heart disease, heart failure, and CKD at
baseline was higher in PWH, whereas prevalence of hyperten-
sion and diabetes was higher in people without HIV, although
all differences were small.

A total of 890 CVD events occurred (176 PVD, 310 strokes,
242 MlIs, 453 ischemic heart disease, 190 heart failures) during
the study period (Table 2). Incident rates for all primary and
secondary outcomes were higher for PWH.

Cardiovascular Disease

HIV infection was associated with an increased risk of CVD,
with an HR of 1.50 (95% ClI, 1.28-1.77) after adjusting for age,
sex, BMI, ethnicity, smoking status, deprivation, index year, and
baseline events for hypertension, diabetes, and CKD (Table 2).
The risk remained when prevalent infections were removed
(Supplementary table 2) and when those without ethnicity data
were removed from the model (data not shown). HIV infection
was associated with an increased risk of stroke and ischemic
heart disease in all models, with a 42% (aHR, 1.42; 95% CI,
1.08-1.86) and 55% (aHR, 1.55; 95% CI, 1.24-1.94) higher risk
after adjustment, respectively. HIV infection was not associated
with an increased risk for PVD, MI, nor heart failure in any of
the models (aHRs = 1.32 [95% CI, 0.91-1.91], 1.30 [95% CI,
0.94-1.79], and 1.32 [95% CI, 0.92-1.89], respectively).

Cardiovascular Risk Factors and All-Cause Mortality

PWH had more than a 2-fold increased risk for CKD and
all-cause mortality compared with people without HIV
(aHRs = 2.42 [95% CI, 1.98-2.94] and 2.84 [95% CI, 2.48-3.25],
respectively) (Table 2). HIV infection was associated with both
type 2 diabetes and hypertension (aHR = 1.28 [95% CI, 1.09-
1.50] and 1.37 [95% CI, 1.23-1.53], respectively). In the sensi-
tivity analysis where prevalent infections were removed, the risk
of PWH developing CKD and all-cause mortality increased to
a 3-fold risk and remained significant (Supplementary Table 2).
The risk of type 2 diabetes was no longer significant; however,
the risk for hypertension remained unchanged and significant.

Subgroup Analysis

Adjusted HRs for the subgroup analyses are presented with 95%
CIs in Table 3 (composite and individual CVDs) and Table 4
(CV risk factors and all-cause mortality). Here, we present a
summary of the findings.

In both males and females, HIV infection was associated
with an increased risk for composite CVD (47% and 60%, re-
spectively). Males with HIV had a 43% higher risk for stroke
and a 47% higher risk for ischemic heart disease, whereas
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Table 1. Baseline Demographics®

People With HIV

People Without HIV

Demographics (n =9233) (n=36816)
Age at index date
Mean (standard deviation) 41.0 (11.0) 41.0 (11.0)
Sex
Female 3172 (34.4) 12 598 (34.2)
Ethnicity
White 3424 (37.1) 13 695 (37.2)
Black 2080 (22.5) 8243 (22.4)
Asian 89 (1.0) 352 (1.0)
Mixed 153 (1.7) 611 (1.7)
Other 174 (1.9) 667 (1.8)
Missing 3313 (35.9) 13 248 (36.0)
Townsend/Deprivation quintile
1st quintile (least deprived) 700 (7.6) 5564 (15.1)
2nd quintile 880 (9.5) 5262 (14.3)
3rd quintile 1312 (14.2) 6347 (17.2)
4th quintile 1740 (18.9) 6325 (17.2)
5th quintile (most deprived) 2155 (23.3) 5649 (15.3)
Missing 2446 (26.5) 7669 (20.8)
Body Mass Index
Underweight (<18.5 kg/m?) 307 (3.3) 614 (1.7)
Normal weight (18.5 kg/m? to <25 kg/m?) 3567 (38.6) 11 317 (30.7)
Overweight (25 kg/m?” to <30 kg/m?) 2143 (23.2) 10 146 (276)
Obese (=30 kg/m?) 11562 (12.5) 6726 (18.3)
Missing 2064 (22.4) 8013 (21.8)
Smoking Status
Current smoker 2750 (29.8) 8132 (22.1)
Ex-smoker 1292 (14.0) 5456 (14.8)
Never smoked 4499 (48.7) 20 390 (55.4)
Missing 692 (7.5) 2838 (7.7)
Comorbidities
Composite CVD® 353 (3.8) 939 (2.6)
Peripheral vascular disease 48 (0.5) 143 (0.4)
Stroke 1562 (1.7) 311 (0.8)
Myocardial infarction 102 (1.1) 243 (0.7)
Ischemic heart disease 174 (1.9) 541 (1.5)
Heart failure 49 (0.5) 99 (0.3)
Hypertension 713 (7.7) 3200 (8.7)
Diabetes (type 1 and type 2) 307 (3.3) 1257 (3.4)
Chronic kidney disease 98 (1.1) 258 (0.7)

Abbreviations: CVD, cardiovascular disease; HIV, human immunodeficiency virus.
“Figures are N (%) unless otherwise stated.

®Composite CVD comprises peripheral vascular disease, stroke, myocardial infarction, ischemic heart disease, and heart failure.

females had an 82% increased risk for ischemic heart disease.
Younger (<40 years old) and older (>40) PWH had a 50%
heightened risk for composite CVD compared with their un-
infected counterparts. Older PWH (>40 years old) had a 41%
increased risk for stroke and 47% increased risk for ischemic
heart disease, whereas younger (<40 years old) PWH had 2
times the risk for ischemic heart disease and heart failure.
Non-White PWH were not at a heighted risk for composite
CVD, but they had an 87% increased risk for stroke. White
PWH had a 52% increased risk for composite CVD and a 69%
and 58% increased risk for MI and ischemic heart disease,

respectively. The association between HIV infection and CVD
did not differ by deprivation status. No difference was found
between obese individuals with and without HIV in the risk
for composite or singular CVD. However, non-obese individ-
uals with HIV were associated with a 53% increased risk of
composite CVD, driven by a 62% increased risk for ischemic
heart disease. PWH that have never smoked or are current or
ex-smokers had a 43% and 45% increased risk for composite
CVD and a 63% and 45% increased risk for ischemic heart
disease, respectively. HIV infection was associated with a
51% and 49% increased risk for composite CVD in the earlier
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Table 2. Study Characteristics, Incident Rates, and Hazard Ratios for Each Outcome

Number of Incident Rates Adjusted HR®
Individuals® Number of Events IR per 1000 Person Years Crude HR Adjusted HR (95%
N N (%)° Person-Years Total Person Years Crude HR (95% Cl) Cl
People People People With HIV
People Without People People People Without People People People With HIV vs  vs People Without
Outcomes With HIV. ~ HIV With HIV. Without HIV. With HIV ~ HIV With HIV. Without HIV  People Without HIV HIV
Composite CVD® 8880 35877 207 (2.3) 683 (1.9) 5.33 3.69 38814.8 184 8778 149 (1.27-1.74)** 150 (1.28-1.77)**
Peripheral vascular 9185 36 673 39 (0.4) 137 (0.4) 0.96 0.72 40 719.3 191 012.5 1.37 (0.96-1.95) 1.32 (0.91-1.91)
disease
Stroke 9081 36505 72 (0.8) 238 (0.7) 1.79 1.25 40 205.1 189 856.1 1.47 (1.13-1.92)** 1.42 (1.08-1.86)*
Myocardial infarc- 9131 36 573 51 (0.6) 191 (0.5) 1.26 1.00 40 440.0 190 268.5 1.29 (0.95-1.76) 1.30 (0.94-1.79)
tion
Ischemic heart 9059 36275 108 (1.2) 345 (1.0) 2.71 1.84 399114 187 995.5 1.62 (1.22-1.89)**  1.65 (1.24-1.94)**
disease
Heart failure 9184 36717 42 (0.5) 148 (0.4) 1.03 0.77 40 750.5 191 305.1 1.36 (0.96-1.91) 1.32 (0.92-1.89)
Hypertension 8520 33616 456 (5.4) 1666 (5.0) 12.70 9.93 35911.6 167 722.7 1.30 (1.17-1.44)**  1.37 (1.23-1.63)**
Type 2 diabetes 8926 35559 197 (2.2) 862 (2.4) 5.06 4.72 38940.8 182 682.4 1.09 (0.93-1.27) 1.28 (1.09-1.50)* *
Chronic kidney 9135 36558 160 (1.8) 337 (0.9) 3.99 1.78 40 065.2 189 728.9 2.32(1.92-2.80)** 2.42 (1.98-2.94)**
disease
All-cause mortality 9233 36 816 384 (4.2) 559 (1.5) 9.35 2.91 41 059.2 192 215.8 3.25(2.85-3.70)** 2.84 (2.48-3.25)**

Abbreviations: Cl, confidence interval; CVD, cardiovascular disease; HIV, human immunodeficiency virus; HR, hazard ratio; IR, incident rate.

“The number of participants will differ for each outcome. This is due to the exclusion of participants that already had the outcome at baseline.

PPercentages correspond with the number of events (numerator) and the number of individuals for that particular group (denominator) within the corresponding row.
°Adjusted for age, body mass index, sex, smoking status, ethnicity, deprivation, index year, and events at baseline.

9Composite CVD comprises peripheral vascular disease, stroke, myocardial infarction, ischemic heart disease, and heart failure events.

*P<.05.

**P< .0

Table 3. Subgroup Analysis® for Composite and Individual CVDs; Adjusted Hazard Ratios for People With HIV Compared With People Without HIV, With
95% Cls Presented

Sub-groups Composite CVD®  Peripheral Vascular Disease Stroke Myocardial Infarction Ischemic Heart Disease  Heart Failure
Sex
Male 1.47 (1.22-1.76)** 1.36 (0.91-2.03) 1.43 (1.04-1.97)* 1.19 (0.84-1.70) 1.47 (1.15-1.89)** 1.19 (0.78-1.81)
Female 1.60 (1.12-2.29)* 1.02 (0.36-2.90) 1.49 (0.85-2.61) 2.15 (0.96-4.80) 1.82 (1.04-3.20)* 1.80 (0.89-3.67)
Age

<40 years old
>40 years old
Ethnicity
Non-White®
White
Deprivation
Most deprived
Least deprived
Body Mass Index
Obese
Not Obese
Smoker Status

Current or ex-smoker

Never smoked
Index Year

2000-2009

2010-2019

1.50 (1.01-2.24)*
1.50 (1.26-1.79)**

1.34 (0.89-2.02)
1.62 (1.20-1.94)**

1.24 (0.86-1.79)
1.25 (0.74-2.10)

1.30 (0.88-1.92)
1.63 (1.25-1.88)**

1.45 (1.16-1.80)**
1.43 (1.09-1.88)*

1.51 (1.24-1.86)**
1.49 (1.14-1.95)**

0.37 (0.05-2.87)
1.41 (0.96-2.06)

1.07 (0.18-6.21)
1.34 (0.77-2.32)

1.13 (0.50-2.55)
0.87 (0.24-3.17)

1.28 (0.55-3.01)
1.34 (0.84-2.15)

1.11 (0.71-1.75)
1.74 (0.80-3.81)

157 (0.96-2.38)
0.96 (0.50-1.87)

1.40 (0.73-2.71)
1.41 (1.04-1.91)*

1.87 (1.05-3.36)*
1.23 (0.81-1.87)

1.38 (0.77-2.46)
1.40 (0.58-3.38)

1.65 (0.88-3.09)
1.36 (0.95-1.95)

1.36 (0.92-2.00)
1.38 (0.89-2.13)

1.35 (0.96-1.91)
1.58 (1.00-2.50)

1.64 (0.76-3.54)
1.23 (0.86-1.75)

0.76 (0.25-2.27)
1.69 (1.07-2.67)*

1.43 (0.67-3.02)
1.67 (0.68-4.10)

0.77 (0.31-1.96)
1.38 (0.94-2.03)

1.27 (0.85-1.90)
1.39 (0.76-2.54)

1.28 (0.85-1.92)
1.32 (0.76-2.24)

2.08 (1.156-8.77)*
1.47 (1.16-1.88)**

1.25 (0.65-2.41)
1.68 (1.13-2.23)**

1.44 (0.84-2.45)
1.28 (0.62-2.64)

1.35(0.79-2.31)
1.62 (1.24-2.13)**

1.45 (1.08-1.96)*
1.63 (1.11-2.40)*

1.68 (1.28-2.21)**
1.32 (0.88-1.97)

2.42 (1.12-5.22)*
1.12 (0.74-1.69)

1.12 (0.61-2.44)
1.27 (0.73-2.22)

0.88 (0.42-1.85)
0.52 (0.07-4.12)

0.76 (0.34-1.68)
1.32 (0.81-2.15)

1.49 (0.92-2.41)
1.27 (0.72-2.26)

1.21 (0.75-1.96)
1.41(0.82-2.42)

Abbreviations: Cl, confidence interval; CVD, cardiovascular disease; HIV, human immunodeficiency virus.

“Adjusted for age, body mass index, sex, smoking status, ethnicity, deprivation, index year, and events at baseline.

"Composite CVD comprises peripheral vascular disease, stroke, myocardial infarction, ischemic heart disease, and heart failure events.
°Non-White subgroup includes people that identify as Black, Asian, mixed, or other.

*P<.05.
**P< .01
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Table 4. Subgroup Analysis® for CVD Risk Factors and All-Cause Mortality; Adjusted Hazard Ratios for People With HIV Compared With People Without

HIV, With 95% Cls Presented

Sub-groups

Hypertension

Type 2 Diabetes

Chronic Kidney Disease

All-Cause Mortality

Sex
Male
Female
Age
<40 years
>40 years
Ethnicity
Non-White”
White
Deprivation
Most deprived
Least deprived
Body Mass Index
Obese
Not Obese
Smoker Status

Current or ex-smoker

Never smoked
Index Year

2000-2009

2010-2019

1.42 (1.25-1.61)**
1.28 (1.05-1.56)*

1.57 (1.27-1.93)**
1.34 (1.18-1.62)**

1.37 (1.22-1.66)**
1.28 (1.07-1.62)**

1.32 (1.05-1.66)*
1.11 (0.76-1.62)

1.10 (0.87-1.39)
1.38 (1.20-1.59)**

1.19 (1.00-1.42)*
1.54 (1.33-1.78)**

1.34 (1.17-1.63)**
1.45 (1.21-1.75)**

1.33 (1.09-1.61)**
1.13 (0.85-1.51)

1.22 (0.85-1.76)
1.29 (1.08-1.64)**

1.23 (0.94-1.61)
1.16 (0.87-1.63)

1.27 (0.92-1.76)
1.72 (1.04-2.87)*

1.03 (0.79-1.35)
1.46 (1.16-1.85)**

1.27 (0.99-1.63)
1.32 (1.06-1.65)*

1.40 (1.14-1.71)**
1.09 (0.84-1.42)

2.60 (2.03-3.32)**
2.10 (1.50-2.95)**

4.67 (2.54-8.58)**
2.28 (1.84-2.81)**

1.56 (1.04-2.36)*
2.88 (2.09-3.98)**

1.71 (1.07-2.72)*
2.29 (1.29-4.04)**

2.17 (1.42-3.30)**
2.33 (1.81-3.00)**

2.77 (2.05-3.76)**
2.17 (1.64-2.88)**

2.08 (1.63-2.65)**
3.35 (2.37-4.74)**

2.88(2.46-3.37)**
2.91 (2.20-3.85)**

6.73 (4.91-9.21)**
2.27 (1.94-2.66)**

3.44 (2.35-5.03)**
2.33 (1.85-2.94)**

2.45 (1.85-3.23)**
4.85 (3.12-754)**

2.07 (1.41-3.05)**
2.95 (2.49-3.49)**

2.68 (2.23-3.21)**
2.70(2.12-3.43)**

2.75(2.33-3.25)**
3.01 (2.37-3.82)**

Abbreviations: Cl, confidence interval; CVD, cardiovascular disease; HIV, human immunodeficiency virus.

?Adjusted for age, body mass index, sex, smoking status, ethnicity, deprivation, index year, and events at baseline.

’Non-White subgroup includes people that identify as Black, Asian, mixed, or other.
*P < .05.
**P< .0

index years (2000-2009) and later years (2010-2019), respec-
tively. The earlier index years also resulted in a 68% height-
ened risk for ischemic heart disease.

In all subgroups, PWH had a significantly higher risk of
all-cause mortality and CKD. Compared with their unin-
fected counterparts, the following groups of PWH had an
increased risk for type 2 diabetes: males, those aged 40 years
or older, least deprived, non-obese, never smoked, and those
with an earlier index date (2000-2009). All groups, aside
from the least deprived individuals and obese PWH, were at
a heightened risk for hypertension compared with their HIV-
negative counterparts.

DISCUSSION

As the life expectancy of PWH continues to increase, under-
standing their risk of age-related conditions is imperative for
reducing excess morbidity and mortality. Our results demon-
strate that PWH are at a heightened risk for CVD, particularly
for stroke and ischemic heart disease. We found no elevated
risk for PVD, ML, nor heart failure. We presented evidence on
the risk of common CVD risk factors, highlighting an associ-
ation between HIV infection and incident hypertension, type
2 diabetes, and CKD. In addition, we reported an approxi-
mately 3-fold risk for all-cause mortality for PWH. The risk of

individual CVD events and CVD risk factors varied across key
demographics, including age, sex, and ethnicity.

Our study results are in line with previous evidence [2], con-
firming a sustained increased risk for composite CVD. This
increased risk could be due to increased awareness of CVD in
PWH and subsequently improved screening within this pop-
ulation. Another plausible cause is exposure to ART. ART has
been found to decrease CVD risk by immune regulation and
viral suppression; however, ART also increases the risk as a re-
sult of changes to lipid levels and metabolic profiles [6, 25]. The
relationship between ART and CVD is complex and long-term
effects are unclear [6, 25, 26]. Although the current study was
unable to control for ART, the risk remained the same in earlier
(2000-2009) and later (2010-2019) index years. Initiation of
ART has increased to 90% in the UK over the last decade [27],
although this subgroup analysis indicates that CVD risk may
not be impacted by improved ART coverage. However, more
longitudinal studies are needed to distinguish the true impact
of ART on CVD risk. Other key confounders such as age and
smoking did not impact the risk of CVD in our study. The
increased risk we report may therefore be due to other HIV-
related mechanisms such as persistent immune activation and
inflammation caused from the presence of HIV viremia and
microbial translocation, which occurs regardless of treatment
status [28].
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In accordance to other studies, we found an increased risk
for stroke. However, our findings indicate a lower risk than
the 2-fold risk reported in a 2018 meta-analysis, which is
likely inflated due to the high-risk populations reviewed [2].
Two separate studies reported a 2- and 3-fold risk for stroke
[7, 30]; however, ethnicity, which is a known confounder, was
not controlled for in the analyses. Three studies that were
powered and matched by age, sex, and ethnicity reported
significant effect sizes in line with ours (HRs = 1.93, 1.17,
and 1.21), despite being carried out in the US and not being
population-based [9, 31, 32]. We reported a 55% increased
risk for ischemic heart disease, although there was no risk
for MI. This could be due to a lack of power given that the
overall effect size was still large (30%) along with many of
the subgroups for this outcome (ie, females). Two 2019 meta-
analyses report a 73% to 96% increased risk for MI in PWH
[33, 34]. To our knowledge, no study has investigated the rel-
ative risk of incident ischemic heart disease, indicating the
need for future studies to confirm these important findings
and examine the role MI plays within this risk.

Inconsistent with other studies investigating heart failure,
we found no increased risk for this outcome. The 2 most re-
cent studies (2019 and 2018) found more than a 2-fold risk [7,
35], a finding we reported only in younger (<40 years) PWH.
Similar to MI, the insignificant finding for heart failure could
be due to a lack of power as the effect size was large (32%). The
same is true for PVD (32%). None of the subgroups were at an
increased risk for PVD; however, a downward trend in risk is
indicative when comparing the later (2010-2019) and earlier
index years (2000-2009). Evidence on PVD risk is limited and
inconclusive [6]. A VACS study found a 19% increased risk in
PVD [8], whereas 2 other large studies [7, 14] reported no in-
creased risk. Further research is needed to understand the true
risk of PVD and how this has changed over time.

We confirmed that PWH are at a heightened risk for hyper-
tension, type 2 diabetes, CKD, and all-cause mortality. Almost
all subgroups were at twice the risk for CKD; however, those
younger than 40 had 4 times the risk and the risk was 3-fold
in the later index years (2010-2019). Similarly, those younger
than 40 and those with a later index year (2010-2019) were at a
6 times and 3 times risk for all-cause mortality, respectively. In
addition, the least deprived PWH had a 4-fold risk of all-cause
mortality. These are important findings for understanding who
should be prioritized in future research and targeted in pre-
vention programs. Despite hypertension, type 2 diabetes, and
CKD having minimal impact on the risk of CVD in our study,
it is clear that screening of such CVD risk factors should be a
priority. Annual screening for common CVD risk factors is
recommended by the British HIV Association [36]. However,
compared with other European studies [37, 38], the incidence
for risk factors in the current study are lower, which may indi-
cate underdiagnosis of important CVD risk factors in PWH in

the UK. Guidelines also advise for an annual CVD risk assess-
ment for those older than 40 or if they have significant CVD
risk factors [36]. However, the CVD risk assessment tool used
in the UK (QRISK) has not been validated in PWH, and it likely
underestimates their true risk [36]. From our findings, we know
that PWH are at high risk for CVD, irrespective of their sex,
age, and smoking status. Therefore, regardless of CVD status
and risk score, annual screening for CV risk factors and disease
should be considered and trialed in future studies.

The large population-based matched cohort used for our
study is a notable strength. This allowed us to look at composite
CVD, individual CVD events, common risk factors, and the risk
of each across key subgroups and compare the risk to an HIV-
negative population. Few studies have reported the risk of com-
posite CVD and many suffer from design limitations; therefore,
our robust study enhances the current evidence on the risk of
CVD in PWH. However, there are some limitations to mention.
One key limitation is the absence of data relating to treatment
status, ART regimens used, duration of treatment, and CD4
T-cell counts, all of which have been shown to impact the risk
of CVD [6]. This lack of data limits the interpretations possible
from our findings. In addition to this, some effect sizes reported
for our secondary outcomes, sensitivity analysis, and subgroup
analysis are large but were found to be insignificant, which may
indicate a lack of power for some of the outcomes. These results
should therefore be interpreted with caution. Uncontrolled con-
founding is likely to remain, despite matching and adjusting for
important covariates.

CONCLUSIONS

In conclusion, PWH remain at a heightened risk for CVD, spe-
cifically stroke and ischemic heart disease. An elevated risk
was also found for hypertension, type 2 diabetes, CKD, and all-
cause mortality. These risks differed across key demographics
such as age, sex, and ethnicity, which indicate who to target in
future research and prevention strategies. Our results reiterate
the importance of regular screening for CV risk factors and dis-
ease in PWH. However, common CVD risk factors had little
impact on the overall risk of CVD, hence, an HIV-validated
risk assessment tool and further investigation into who should
receive regular assessments would be beneficial. Additional re-
search is needed to ascertain the mechanisms behind the risk of
individual CVD events. A better understanding of contributing
factors could aid in reducing the excess morbidity and mortality
caused by CV risk factors and disease in PWH.

Supplementary Data

Supplementary materials are available at The Journal of Infectious
Diseases online. Consisting of data provided by the authors to
benefit the reader, the posted materials are not copyedited and
are the sole responsibility of the authors, so questions or com-
ments should be addressed to the corresponding author.
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