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Abstract
Introduction: There is paucity of data related to potential gender differences in the use of interventions to prevent and treat
cardiovascular disease (CVD) among HIV-positive individuals. We investigated whether such differences exist in the observa-
tional D:A:D cohort study.
Methods: Participants were followed from study enrolment until the earliest of death, six months after last visit or February
1, 2015. Initiation of CVD interventions [lipid-lowering drugs (LLDs), angiotensin-converting enzyme inhibitors (ACEIs), anti-hy-
pertensives, invasive cardiovascular procedures (ICPs) were investigated and Poisson regression models calculated whether
rates were lower among women than men, adjusting for potential confounders.
Results: Women (n = 12,955) were generally at lower CVD risk than men (n= 36,094). Overall, initiation rates of CVD inter-
ventions were lower in women than men; LLDs: incidence rate 1.28 [1.21, 1.35] vs. 2.40 [2.34, 2.46]; ACEIs: 0.88 [0.82, 0.93]
vs. 1.43 [1.39, 1.48]; anti-hypertensives: 1.40 [1.33, 1.47] vs. 1.72 [1.68, 1.77] and ICPs: 0.08 [0.06, 0.10] vs. 0.30 [0.28, 0.32],
and this was also true for most CVD interventions when exclusively considering periods of follow-up for which individuals
were at high CVD risk. In fully adjusted models, women were less likely to receive CVD interventions than men (LLDs: relative
rate 0.83 [0.78, 0.88]; ACEIs: 0.93 [0.86, 1.01]; ICPs: 0.54 [0.43, 0.68]), except for the receipt of anti-hypertensives (1.17
[1.10, 1.25]).
Conclusion: The use of most CVD interventions was lower among women than men. Interventions are needed to ensure that
all HIV-positive persons, particularly women, are appropriately monitored for CVD and, if required, receive appropriate CVD
interventions.
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1 | INTRODUCTION

HIV-positive individuals are known to be at increased risk of
cardiovascular disease (CVD) compared to the general popula-
tion [1,2], partly due to an increased prevalence of some CVD
risk factors, exposure to some antiretroviral drugs and chronic
immune activation [3–7]. Previous findings also indicate that
HIV-infection has a slightly greater impact on the risk of
myocardial infarction (MI) and stroke in women compared to
men [2–4,8,9].

In the general population, it is recognized that the risk of
CVD, including MI and stroke, increases with age, and that
women are less likely to develop CVD at any given age than
men [10–14]. However, this gender gap in cardiovascular
morbidity diminishes with increasing age, as the protective

effect of oestrogen wanes post-menopause resulting in an
increase in CVD morbidity in women [10–16]. Although
there have been substantial reductions in the incidence of
MI and improvements in survival after MI and stroke over
the last two decades [16–18], these improvements have
lagged behind in women compared to men[16,19–21]. In
particular, women have been shown to have higher in-hospi-
tal mortality after MI at a younger age than men[22–27], as
well as higher rates of complications and mortality after inva-
sive coronary interventions [28,29]. Evidence also indicates
that women experience more severe stroke events, longer
hospital stays and higher mortality rates following a stroke
compared to men[16].

The reasons for these poorer outcomes remain unclear, but
it is likely that multiple factors play a role, both before and
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after an event. Importantly, there is increasing evidence of
delayed or less intensive use of medical and invasive proce-
dures for diagnostic evaluation and treatment of MI and
stroke among women compared to men[11,12,16,20,30–34].
A previous study in the general population also demonstrated
an inverse association between in-hospital mortality after MI
and the number of CVD risk factors that were present in an
individual [35]. This suggests that some individuals at appar-
ently low CVD risk may have other, as yet unidentified, under-
lying risk factors or pathophysiological features that result in
an MI of greater severity, a poorer prognosis and/or less opti-
mal medical management. This hypothesis may pertain particu-
larly to women, as they are generally perceived to be at lower
risk of CVD, particularly if pre-menopausal.

As in the general population, guidelines for the prevention
of CVD among HIV-positive individuals generally focus on
groups at high CVD risk [36–38]. Since women are generally
considered to be at low CVD risk, it may be that the poorer
outcomes in low risk individuals observed in the general pop-
ulation [35] may take on greater relevance among HIV-posi-
tive women who are generally at higher overall risk of MI
and stroke due to their HIV status [2–4,7–9]. An under-
standing of the use of interventions to prevent and treat
CVD in HIV-positive women compared to men is therefore
required. The aim of this study was to investigate potential
gender differences in the use of CVD-related interventions
in the large, prospective Data on Adverse effects of
antiretroviral Drugs (D:A:D) study.

2 | METHODS

The D:A:D study is a large, prospective cohort study which
follows >49,000 HIV-positive persons from 11 collaborating
cohorts in Europe, USA and Australia, contributing to
>430,000 person years of follow-up (PYRS). The details of
the study have been described previously[6]. The data are
obtained prospectively with information collected on demo-
graphic factors, AIDS events, CD4 counts, HIV RNA viral
loads, other laboratory test results (e.g. total cholesterol
(TC), triglycerides (TG)), antiretroviral therapy-regimen and
treatment history, CVD risk factors and treatments. Data on
clinical endpoints including non-fatal/fatal MIs, strokes, deaths
(including sudden cardiac death), and invasive cardiovascular
procedures (ICPs; including coronary artery bypass grafts
(CABGs), angioplasties and carotid endarterectomies) are
reported to the D:A:D coordinating centre via designated
case report forms and centrally validated according to stan-
dardized algorithms (https://www.chip.dk/Portals/0/files/Study
%20documents/DAD_MOOP_revised2013.pdf). MIs are classi-
fied with a Dundee score using criteria from the WHO
MONICA Study [39] and stroke events are validated on the
basis of the presence of focal neurological signs with dura-
tion > 24 hours with no evidence of any non-vascular cause.
Causes of death are classified using the Coding of Causes of
Death (CoDe) methodology, developed for the classification
of causes of death in HIV-positive persons (www.chip.dk/c
ode) [40]. This analysis was conducted in accordance with
the Declaration of Helsinki, with approval by national ethics
committees and informed consent where required by
national regulations.

2.1 | Statistical methods

Men and women were followed from baseline (date of entry
into the D:A:D study which occurred on or after February 1,
1999) until the earliest of death, six months after last visit or
February 1, 2015. CVD interventions considered were ICPs
and the use of anti-hypertensives, angiotensin-converting
enzyme inhibitors (ACEIs) and lipid lowering drugs (LLDs).
Individuals with a previous MI/stroke at baseline (i.e. prior to
D:A:D Study entry (n = 654)) were excluded from analyses of
the subsequent initiation of interventions as the interventions
received by these individuals prior to and after the event
could not be ascertained with sufficient accuracy. Rates of ini-
tiation of each CVD-related intervention were calculated for
the total time of follow-up and for the specific periods of fol-
low-up during which individuals were at high CVD risk accord-
ing to one or more of the following risk subgroups: TC
>6.2 mmol/L (>240 mg/dl), TG >2.3 mmol/L (>204 mg/dl),
hypertension (systolic blood pressure (SBP)>140 mmHg, dias-
tolic blood pressure (DBP) >90 mmHg, or reported use of
ACEIs/anti-hypertensives), previous (post baseline) MI, dia-
betes (two consecutive fasting blood glucoses>7.0 mmol/L,
HbA1C >6.5% or anti-diabetic treatment), age>50 years or
predicted 10-year CVD risk score >10% (moderate/high
Framingham CVD risk score). As the D:A:D CVD risk score
was published in more recent years, the Framingham risk
score was chosen as it has been more widely used in partici-
pating clinics over the whole study period. Since ACEIs may
also be used to treat hypertension, consideration of ACEIs
separately to other anti-hypertensives may result in an under-
estimation of drugs used to treat hypertension. Thus, we addi-
tionally considered a combined drug classification of either
ACEIs or other anti-hypertensives.

Each individual’s follow-up was split into a series of consec-
utive one-month periods and the clinical, immunologic and
virologic status at the start of each period was established.
Poisson regression models were then used to assess whether
initiation rates of CVD interventions were lower in women
compared to men, after adjustment for the following potential
time-updated confounders: age, calendar year, body mass
index (BMI), TC, TG, hypertension, previous MI, race, smoking
status, AIDS, CVD family history, stroke, diabetes and CVD
risk score >10%.

For each calendar year of follow-up, an individual was con-
sidered to have been monitored for TC, TG, HDL and SBP/
DBP if there was at least one measure of each within that
year. Logistic regression models then assessed whether the
probability of being monitored for each measure differed in
men and women, after adjustment for calendar year, age, BMI,
TC, TG, hypertension, previous MI, diabetes and CVD risk
score >10%.

Additional analyses were performed in which we adjusted
for TC, TG and SBP/DBP as continuous rather than categori-
cal covariates and after excluding those with a mode of HIV
acquisition other than heterosexual sex, as the latter is the
group in which the comparison between men and women is
least affected by other, unmeasured confounders. Where dif-
ferences between men and women were identified we fitted a
series of regression models, progressively adjusting for each
of the potential confounders, allowing us to identify the poten-
tial mediators of any differences seen. Finally, since our main
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analyses investigated overall initiation rates both before and
after an MI, we performed sensitivity analyses in which
post-MI follow up was censored, thus restricting analyses to
interventions used only prophylactically and allowing us to
investigate whether findings were consistent.

3 | RESULTS

3.1 | Characteristics at baseline and at time of MI

Of the 49,049 included participants, 12,955 were women and
36,094 were men. Baseline characteristics of the men and
women at study entry are shown in Table1. Most women
acquired HIV through heterosexual transmission (9037
(69.8%)), whereas most men acquired HIV through sex with
men (21491 (59.5%)). Compared to men, the women were
significantly more likely to be younger (median age [interquar-
tile range (IQR)] 34 [29,40] vs. 39 [33,41] years), more likely
of black African race (2610 (20.2%) vs. 2220 (6.2%)), less
likely to be current smokers (3814 (29.4%) vs. 13556
(37.6%)) or ex-smokers (1841 (14.2%) vs. 6465 (17.9%)), and
less likely to have other traditional CVD risk factors such as
diabetes, hypertension, dyslipidemia, previous ICP or receipt
of LLDs and ACEIs (Table1). Furthermore, a higher propor-
tion of women had a low Framingham CVD risk score (<10%),
with smaller proportions belonging to the moderate (10-20%)
and high (>20%) CVD risk groups. A slightly higher proportion
of women than men had an unknown CVD risk score
(Table 1).

3.2 | Periods of follow-up at high CVD risk

The women in the study contributed a total of 113,821 PYRS
to the analyses. Of these, 14.9% were contributed by women
with a high TG level, 17.5% were contributed by women
>50 years, and 16.9% were contributed by women with
hypertension (Table2). The men in the study contributed a
total of 314,843 PYRS to the analyses. A higher proportion of
this follow-up time was contributed by men with high TG
(29.3%), age >50 years (31.7%) and hypertension (23.8%).
Only 4.4% of follow-up time in women was contributed by
women with an established moderate/high CVD risk score
(>10%) compared to 27.5% of follow-up time in men.

3.3 | Rates of monitoring for CVD risk factors

Absolute rates of monitoring for TC, TG, HDL-C and blood
pressure within any 12 month period in both low and high
CVD risk subgroups of the participants were similar in women
and men; TC: 80.3% vs. 81.7%; TG: 76.9 vs. 79.2%; HDL-C:
64.0 vs 65.3% and blood pressure: 66.6 vs. 65.8%. In unad-
justed analyses, women were slightly less likely to be moni-
tored for TC, TG and HDL-C (TC: odds ratio 0.92 [0.89, 0.96];
TG: 0.88 [0.79, 0.97]; HDL-C 0.95 [0.88, 1.02]), although dif-
ferences were attenuated and became non-significant in
adjusted models (TC: 1.01 [0.98, 1.05]; TG: 0.97 [0.93, 1.01];
HDL-C: 1.03 [0.96, 1.10]). In contrast, while no difference in
blood pressure monitoring rates were seen prior to adjust-
ment (0.99 [0.93, 1.05]), women were more likely to be moni-
tored for blood pressure in adjusted models (1.12 [1.08,
1.15]).

3.4 | Use of CVD interventions

Over the total follow-up period, 1334 (10.3%) women
and 6274 (17.4%) men initiated LLD; 944 (7.3%) women and
4016 (11.1%) men initiated ACEIs; 1444 (11.1%) women
and 4834 (13.4%) men initiated anti-hypertensives; 1715
(13.2%) women and 6126 (17.0%) men initiated ACEIs or
anti-hypertensives; and 89 (0.7%) women and 932 (2.6%)
men underwent an ICP. When taking all follow-up time into
consideration, women had lower initiation rates than men for
all CVD interventions: LLDs (incidence rate (IR) [95% CI]/
100 PYRS in women vs. men 1.28 [1.21, 1.35] vs. 2.40
[2.34, 2.46]), ACEIs (0.88 [0.82, 0.93] vs. 1.43 [1.39, 1.48]),
anti-hypertensives (1.40 [1.33, 1.47] vs. 1.72 [1.68, 1.77]);
ACEIs or anti-hypertensives 1.59 [1.61, 1.77] vs. 2.26 [2.21,
2.32] and ICPs (0.08 [0.06, 0.10] vs. 0.30 [0.28, 0.32]) (Fig-
ure 1).

When restricting the analysis only to periods of follow-up
during which an individual was in one of the high CVD risk
subgroups, women generally continued to have lower initia-
tion rates than men for most CVD interventions (Table3).
The only exceptions to this were for the receipt of LLDs,
ACEIs, anti-hypertensives and ACEIs or anti-hypertensives in
people with a CVD risk score >10%; the uptake of anti-hy-
pertensives and ACEIs or anti-hypertensives among people
with hypertension and the receipt of ACEIs among people
with a previous MI. In each of these latter subgroups, initia-
tion rates of the interventions were higher in women than
men (Table3).

3.5 | Poisson regression models

In Poisson regression models, unadjusted rates of initiation
for each of the four CVD interventions (LLDs, ACEIs, anti-
hypertensives and ICPs) were lower in women than in men
(Figure 2). When adjusting for potential confounders, rate
ratios were attenuated but still indicated significantly lower
initiation rates in women compared to men for LLDs and
ICPs: LLDs: (relative rate (RR)) 0.83 [0.78, 0.88]; ICPs: 0.54
[0.43, 0.68], and borderline significantly lower rates for
ACEIs (0.93 [0.86, 1.01]). For anti-hypertensives, the direc-
tion of the association was reversed after adjustment for
potential confounders, reflecting a higher initiation rate in
women compared to men (1.17 [1.10, 1.25]) (Figure2). This
was also observed when we considered initiation of either
anti-hypertensivesor ACEIs (1.08 [1.02, 1.15]). To investigate
which factors were likely to contribute to the higher likeli-
hood of use of anti-hypertensives by women compared to
men, a series of regression models was fitted in which we
progressively adjusted for each of the potential confounders
in turn. This analysis revealed that this finding was mainly
driven by adjustments for hypertension and a CVD risk
score >10%.

Additional adjustment for TC, TG, and SBP/DBP as
continuous covariates, and the exclusion of those with modes
of HIV transmission other than heterosexual sex, led to
consistent results. Consistent results were also observed
when follow-up was censored at the time of an MI, suggest-
ing that our findings could not simply be explained by a
higher uptake of secondary prevention interventions post-MI
in men.
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