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CLINICAL AND EPIDEMIOLOGIC RESEARCH

Trends in Nonlipid Cardiovascular Disease Risk Factor
Management in the Women’s Interagency HIV Study

and Association with Adherence to Antiretroviral Therapy

David B. Hanna, PhD,1 Molly Jung, MPH,1 Xiaonan Xue, PhD,1 Kathryn Anastos, MD,1,2

Jennifer M. Cocohoba, PharmD,3 Mardge H. Cohen, MD,4 Elizabeth T. Golub, PhD,5 Nancy A. Hessol, MSPH,3

Alexandra M. Levine, MD,6 Tracey E. Wilson, PhD,7 Mary A. Young, MD,8 and Robert C. Kaplan, PhD1

Abstract

Cardiovascular disease (CVD) is increasingly common among women with HIV, but literature on nonlipid
CVD risk factor management is lacking. We examined semiannual trends from 2006 to 2014 in hypertension
treatment and control (blood pressure <140/90 mmHg), diabetes treatment and control (fasting glucose
<130 mg/dL), and smoking quit rates in the Women’s Interagency HIV Study. Unadjusted and adjusted Poisson
regression models tested time trends and differences between HIV+ and HIV- women. Among antiretroviral
therapy (ART) users, we examined the association of ART adherence and virologic suppression with each
outcome. We evaluated 1636 HIV+ and 683 HIV- women, with a hypertension prevalence of 40% and 38%,
respectively; diabetes prevalence of 21% and 22%; and smoking prevalence of 37% and 48%. Hypertension
treatment was higher among HIV+ than HIV- women (77% vs. 67%, p < 0.001) and increased over time with no
difference in trend by HIV status. Hypertension control was greater among HIV+ women (56% vs. 43%,
p < 0.001) and increased over time among HIV+ but not HIV- women. Diabetes treatment was similar among
HIV+ and HIV- women (48% vs. 49%) and increased over time in both groups. Diabetes control was greater
among HIV+ women (73% vs. 64%, p = 0.03) and did not change over time. The percent of recent smokers who
reported no longer smoking was similar between HIV+ and HIV- women (10% vs. 9%), with no differences
over time. Virologic suppression was significantly associated with increased hypertension treatment and greater
control. HIV+ women have better control of hypertension and diabetes than HIV- women, but many are still
not at target levels.

Keywords: cardiovascular disease, antiretroviral therapy, hypertension, diabetes mellitus, smoking, HIV-1
viral load

Introduction

Numerous reports have found that women living with
HIV infection have greater cardiovascular disease

(CVD) risk than HIV-uninfected women.1–3 Factors con-
tributing to this increased risk include a high prevalence of
traditional CVD risk factors such as cigarette smoking,4

potential adverse effects of antiretroviral therapy (ART),5

and immune activation and inflammation that may be present
even with well-controlled HIV virema.6 Women with HIV
may also have factors that impede timely access to care and
use of preventive measures to minimize CVD risk,7,8 in-
cluding lower socioeconomic status and higher depression
rates.9

Preliminary results were presented at the Conference on Retroviruses and Opportunistic Infections, Boston, MA, February 22–25, 2016.
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Effective management of CVD risk factors, such as the use
of statins, controlling blood pressure, and smoking cessation,
reduces the future risk of disease in the general population,10–12

and successful interventions likely apply to people with HIV
as well.13 A major clinical trial assessing the effect of statin
use on CVD outcomes among HIV-infected individuals is
underway.14 However, less is known about nonlipid CVD
prevention strategies and healthcare factors that may aid or
impede their use in people with HIV, particularly women.
Medication adherence is associated with behaviors consis-
tent with a healthy lifestyle.15 In people with HIV, self-
motivation, social support, and intentionality have been
found to be important drivers of adherence.16,17 In turn, better
ART adherence and subsequent virologic suppression may
correlate with improved CVD risk factor management. As
people living with HIV age and CVD risk factors increase,18

understanding these factors better can inform strategies re-
commended by providers in the course of HIV care.

We aimed to describe the degree of effective management
of three major nonlipid CVD risk factors—hypertension,
diabetes mellitus, and smoking—including use of medica-
tions and achieving target levels of clinical parameters,
among HIV-infected women participating in the Women’s
Interagency HIV Study (WIHS) between 2006 and 2014, and
compare time trends in these measures with those of at-risk
HIV-uninfected women from the same cohort. We also as-
sessed the association of ART adherence and virologic sup-
pression with CVD risk factor treatment and control among
HIV-infected women taking ART, hypothesizing that women
with better ART outcomes were more likely to effectively
manage CVD risk.

Methods

Source population

The WIHS is a longitudinal study of >4000 HIV-infected
and HIV-uninfected women followed at 6-month intervals at
10 US sites, with detailed examinations, specimen collection,
and structured interviews assessing health behaviors, medical
history, and medication use.19,20 Women were recruited in
four waves (1994–1995, 2001–2002, 2010–2012, and 2013–
2015) from HIV primary care clinics, hospital-based pro-
grams, community outreach sites, women’s support groups,
and other locations. The demographic composition of study
participants in the WIHS is representative of women in the
United States living with HIV infection.21

Study population and inclusion criteria

We created three subcohorts within the WIHS of women at
risk for CVD, each focusing on one of the following risk
factors: hypertension, diabetes mellitus, and recent smoking.
Inclusion criteria included enrollment in the WIHS before
2006 and at least one study visit between April 2006 and
March 2014, during which one of these factors was reported.
The hypertension subcohort comprised all person-visits
within the study period associated with systolic blood pres-
sure (SBP) ‡140 mmHg; diastolic blood pressure (DBP)
‡90 mmHg; current or prior self-report of hypertension; or
current or prior self-reported use of antihypertension medi-
cations. The diabetes subcohort comprised person-visits as-
sociated with fasting blood glucose ‡126 mg/dL; hemoglobin

A1c ‡6.5%; current or prior self-reported ‘‘history of high
blood sugar, diabetes or sugar diabetes’’; or current or prior
self-reported use of antidiabetic medication. The recent
smoker subcohort comprised person-visits for which the
participant reported being a current smoker at the previous
visit. Women could contribute >1 person-visit to each sub-
cohort, with a maximum of 16 person-visits at risk. Because
the WIHS visits occur every 6 months, this represents a
maximum of 8 years at risk.

To assess the association of ART adherence and virologic
suppression with effective management of each CVD risk
factor, we instituted additional inclusion criteria: confirmed
HIV infection before 2006 and reported use of ART at the
previous study visit.

Outcomes of interest

We defined separate outcomes for each subcohort, using
clinical guidelines for hypertension and diabetes relevant
during the study period to define effective management. For the
hypertensive subcohort, outcomes were (1) hypertensive
treatment, defined as reported use of antihypertension medi-
cations within the past 6 months, and (2) hypertension control,
defined as SBP <140 mmHg or DBP <90 mmHg.22 For the
diabetic subcohort, outcomes were (1) diabetes treatment, de-
fined as reported use of antidiabetic medications with the past 6
months, and (2) diabetes control, defined as a fasting glucose
level <130 mg/dL.23 Fasting glucose was assessed annually
instead of semiannually, and therefore, diabetes control was
evaluated at 8 instead of 16 total person-visits. Because he-
moglobin A1c (HgA1c), which is the usual recommended di-
abetes control measure since it captures longer term glycemic
control,23 was only assessed at four person-visits, we con-
ducted a secondary analysis based on these four visits, defining
diabetes control as HgA1c <7%.23 For the recent smoker sub-
cohort, the outcome of interest was smoking control, defined as
reporting no smoking at the current visit. We did not include a
measure of smoking treatment because the WIHS did not
systematically collect data on treatments such as nicotine re-
placement therapy or varenicline during the study period.

Independent variables

For the examination of trends in effective CVD risk factor
management over time, we were interested in comparing
those with versus without HIV infection. For assessment of
ART adherence and virologic suppression in relation to ef-
fective CVD risk factor management, adherence was as-
sessed by asking the participant the percentage of time during
the past 6 months that ART was taken as prescribed, based on
a validated question from the AIDS Clinical Trials Group,24

categorized as 100% of the time, 95–99%, 75–94%, and
<75%. We dichotomized the response to ‡95% adherence
versus <95%, based on prior work that has found this level of
adherence to protease inhibitor-based regimens to optimize
virologic outcomes.25 We also examined an alternate defi-
nition of 100% adherence versus <100%.26 Virologic sup-
pression was defined as an HIV-1 viral load <80 copies/mL.

Covariates

We considered the following variables as potential con-
founders of the association of ART adherence and virologic
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suppression with effective CVD risk factor management:
age, race/ethnicity, calendar time, income, education, em-
ployment, insurance status, study site, CD4+ count, viral load,
history of ART use, number of children, birth of child since
last visit, current and past recreational drug use, current and
past alcohol use, housing status, severe depressive symptoms
(score ‡23) as assessed by the Center for Epidemiologic
Studies Depression Scale (CES-D),27 and recruitment period.

Statistical methods

We examined time trends for each CVD risk factor man-
agement outcome based on each 6-month period between
April 2006 and March 2014. At each person-visit, the nu-
merator was the number of women with CVD risk factor
management (e.g., number of women with fasting glucose
level <130 mg/dL), and the denominator was the number of
women at risk (e.g., number of women with diabetes). Using
Poisson regression with generalized estimating equations
(GEE), we tested for overall differences by HIV status and
time trends for HIV-infected and HIV-uninfected women
separately. We tested for differences over time by HIV status
using a time*HIV status interaction term. We also examined
the associations of the aforementioned covariates with each
outcome in adjusted models. To further explore potential
reasons for differences in CVD risk factor management by
HIV serostatus, we conducted a post-hoc analysis in a sub-
group of four person-visits with information on whether the
participant reported having a usual source of medical care,
defined as seeing ‘‘the same healthcare provider or group of
providers for . medical appointments’’ more than half of the
time in the past 6 months. Our exploratory hypothesis was
that associations between HIV serostatus and CVD risk factor
management would be attenuated after controlling for having
a usual source of care.

To assess the association between ART adherence and
CVD risk factor management outcomes, we compared out-
comes between adherent and nonadherent person-visits after
propensity score matching.28 We estimated the propensity
score as the predicted probability of being ‡95% adherent to
ART, given the aforementioned confounders, by logistic re-
gression. Using the propensity score, we matched each ad-
herent person-visit with a similar nonadherent person-visit, to
eliminate the association between the confounding factors
and ART adherence, and allowed nonadherent person-visits
to be used more than once (‘‘matching with replacement’’),
because most person-visits were ART adherent. We used log-
binomial regression to estimate risk ratios (RRs) for each
CVD risk factor management outcome at the visit following
the index person-visit (i.e., 6 months after) to maintain
temporality. Log-binomial regression was used instead of
logistic regression to estimate the relative risk, since odds
ratios overestimate the risk when the outcome is common.29

We performed similar analyses for 100% ART adherence and
virologic suppression. Analyses used GEE to account for
correlated data within individuals, were weighted to account
for matching with replacement, and used a sandwich esti-
mator to determine robust 95% confidence intervals (CIs).30

Fewer than 1% of participants were pregnant during study
visits. We performed sensitivity analyses excluding these
women. Because results were essentially the same with this
exclusion criterion, we report results without this exclusion.

SAS 9.3 and R 2.15.2, including the MatchIt package for
propensity score matching,31 were used for analysis.

Results

Between 2006 and 2014, there were 1636 HIV+ and 683
HIV- women in the WIHS evaluated for hypertension, dia-
betes, or smoking status. Over the study period, we estimated
a hypertension prevalence of 40% and 38% among HIV+ and
HIV- women, respectively; diabetes prevalence of 21% and
22%; and recent smoking prevalence of 37% and 48%.

There were 10,546 eligible person-visits (7558 among
1039 HIV+ women, 2988 among 405 HIV- women) con-
tributing to the hypertension subcohort; 6394 (4449 among
332 HIV+ women, 1945 among 142 HIV- women) contrib-
uting to the diabetes subcohort; and 11,258 (7291 among 806
HIV+ women, 3967 among 400 HIV- women) contributing
to the smoking subcohort. Follow-up was similar between
HIV+ and HIV- women. Both HIV+ and HIV- hypertensive
women had a median of 7 study visits (3.5 years) during the
study period. Diabetic women had a median of 8 visits for
HIV+ and 7.5 visits for HIV-, while recent smokers had a
median of 10 visits for HIV+ and 11 visits for HIV-.

The median age at each study visit ranged from 46 to 51
years, and black or Hispanic women comprised over 80% of
each subcohort (Table 1). Over one-third had less than a high
school education. Between 31% and 40% of eligible person-
visits were associated with a history of injection drug use.
Among HIV+ women, the median CD4+ count ranged from
465 to 540 cells/lL, and 79–83% of person-visits were as-
sociated with ART use depending on the subcohort exam-
ined. Between 87% and 94% of HIV+ visits were associated
with a usual source of medical care, depending on the sub-
cohort, compared with 59–73% of HIV- visits.

Trends in CVD risk factor management,
by HIV serostatus

Hypertensive subcohort. Overall, we found that antihy-
pertensive treatment was significantly higher among HIV-
infected hypertensive women than among HIV-uninfected
hypertensive women (77% vs. 67%, p < 0.001, Fig. 1a). The
use of antihypertension medications increased from 72% in
2006 to 81% in 2014 among HIV-infected women, and from
63% to 73% among HIV-uninfected women (both p < 0.001).
There was no difference in change over time by HIV status
( p = 0.71).

Similarly, hypertension control (BP <140/90 mmHg) was
higher among HIV-infected women than among HIV-uninfected
women (56% vs. 43%, p < 0.001, Fig. 1b). Hypertension con-
trol increased slightly over time among HIV-infected women
(55% in 2006 to 59% in 2014, p = 0.01) but not among HIV-
uninfected women (45%–46%). This difference was also re-
flected in a significant interaction between HIV status and time
for hypertension control ( p = 0.048).

Diabetic subcohort. There was no difference overall in
diabetes treatment comparing HIV-infected and HIV-
uninfected diabetic women (48% vs. 49%, p = 0.99, Fig. 2a).
Among both groups defined by HIV serostatus, use of anti-
diabetes medications increased over time, from 37% in 2006
to 63% among HIV-infected women, and from 34% to 64%
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among HIV-uninfected women (both p < 0.001). These tem-
poral increases did not differ by HIV serostatus ( p = 0.38).

HIV-infected diabetic women were more likely to have
fasting glucose levels within recommended levels (<130 mg/dL)
compared with HIV-uninfected diabetic women (73% vs.
64%, p = 0.01, Fig. 2b). Despite increases observed in the use
of diabetes medications, diabetes control did not increase
over the same time period in either group ( p = 0.16 among
HIV-infected and p = 0.50 among HIV-uninfected). Simi-
larly, there was no difference in change over time by HIV
serostatus ( p = 0.98). Patterns of diabetic control were similar

when examining the subset of women with HgA1c levels
available, with no significant increase over time in control
defined as HgA1c <7% ( p = 0.10 among HIV-infected and
p = 0.27 among HIV-uninfected).

Smoking subcohort. HIV-infected and HIV-uninfected
women had similar smoking quit rates over the time period.
Among those smoking at a given visit, the proportion who
reported that they were no longer smoking at the next
semiannual visit was 10% among HIV+ versus 9% among
HIV- women ( p = 0.33, Fig. 3). Among HIV-infected

Table 1. Women’s Interagency HIV Study Subcohort Characteristics, By Subcohort

and HIV Serostatus, 2006–2014

Hypertensive participants Diabetic participants Recent smokers

HIV+,
% or

median
(IQR)

HIV-,
% or

median
(IQR)

HIV+,
% or

median
(IQR)

HIV-,
% or

median
(IQR)

HIV+,
% or

median
(IQR)

HIV-,
% or

median
(IQR)

n women 1039 405 332 142 806 400
n person-visits 7558 2988 4449 1945 7347 3977

Demographic characteristics
Age (median, IQR) 51 (45–56) 50 (44–55) 50 (45–55) 49 (43–55) 48 (42–53) 46 (38–52)

Race/ethnicity
Black (non-Hispanic) 68 69 56 61 65 64
Hispanic 19 22 27 28 22 24
White (non-Hispanic) 10 6 13 6 11 9
Other 3 4 4 5 3 4

Current income <$24,000/year 76 77 78 76 83 80
Education

Did not complete high school 36 37 37 41 45 43
Completed high school 31 37 29 36 31 31
At least some college 34 26 34 24 24 25

Employed 30 34 27 30 22 34
Had insurance 97 84 97 85 96 79

Behavior-related characteristics
History of injection drug use 36 31 35 34 40 32
Current recreational drug use 20 28 16 21 31 40

Current alcohol use
Abstainer 64 52 66 57 55 45
Light (<3 drinks/week) 27 29 26 29 30 31
Moderate (3–13 drinks/week) 4 6 3 4 5 8
Heavier (14+ drinks/week) 6 14 5 10 10 16

Stable housing 89 77 91 78 83 73
Severe depressive symptoms

(CES-D ‡23)
19 20 21 21 24 22

Number of children
(median, IQR)

2 (1–4) 2 (1–4) 2 (1–4) 2 (1–4) 2 (1–4) 2 (1–4)

HIV-related and other clinical characteristics
CD4+ count, cells/lL

(median, IQR)
512 (319–733) 540 (349–768) 465 (265–688)

Suppressed HIV-1 viral load 60 61 49
ART use in past 6 months 83 84 80

ART adherence in past 6 months (among ART users)
100% of the time 49 53 47
95–99% of the time 31 29 27
75–94% of the time 15 13 17
<75% of the time 6 5 8

Has usual source of care 92 71 94 73 87 59

ART, antiretroviral therapy; CES-D, Center for Epidemiologic Studies Depression Scale; IQR, interquartile range.

448 HANNA ET AL.



women who had reported current smoking at the previous
visit, the percent who quit marginally increased from 9% in
2006 to 12% in 2014 ( p = 0.08), whereas there was no
change among HIV-uninfected women ( p = 0.39). There
was no difference in changes in quit rates over time by
HIV serostatus ( p = 0.67).

Table 2 shows a summary of the findings regarding CVD
risk factor management in this study. The significant differ-
ences that we observed by HIV serostatus in hypertension
treatment, hypertension control, and diabetes control re-
mained when models were adjusted for confounders. Of note,
older age was significantly associated with improved hy-
pertension treatment but less smoking cessation. Having

insurance was significantly associated with improved hy-
pertension treatment and control. Current recreational drug
use was associated with poorer hypertension control. Both
current recreational drug use and current alcohol use were
associated with less smoking cessation. Other associations
are shown in Table 3.

In exploratory analyses, we found that having a usual
source of care appeared to partially mediate the associations
of HIV serostatus with hypertension treatment and hyper-
tension control, but not diabetes control. For example, after
controlling for having a usual source of care, the association
between HIV serostatus and hypertension control was re-
duced but remained statistically significant ( p = 0.02).

FIG. 1. Trends in (a) hypertension treatment and (b) hypertension control among hypertensive WIHS participants, by
HIV serostatus, 2006–2014. Hypertension control defined as systolic blood pressure <140 mmHg or diastolic blood pressure
<90 mmHg. WIHS, Women’s Interagency HIV Study.

FIG. 2. Trends in (a) diabetes treatment and (b) diabetes control among diabetic WIHS participants, by HIV serostatus,
2006–2014. Diabetes control defined as fasting glucose <130 mg/dL or hemoglobin A1c <7%. WIHS, Women’s Interagency
HIV Study.
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Association of ART adherence and virologic
suppression with CVD risk factor management

Within each subcohort, we examined a subset of women
using ART to determine whether ART adherence and HIV
virologic suppression were associated with improved CVD
risk factor management. Table 4 shows the percentages of
CVD risk factor management outcomes comparing ART
adherent person-visits with propensity score-matched ART
nonadherent person-visits. For each outcome, the ART ad-
herent group was more likely to be managed for CVD risk
factors than the ART nonadherent group. In weighted re-
gression analyses, ‡95% ART adherence was marginally
associated with improvements in diabetes control (RR 1.24,
95% CI 0.99–1.54, p = 0.06). Neither ‡95% adherence nor
100% adherence was associated with improvements in other
CVD risk factor management outcomes.

We repeated these analyses examining the role of virologic
suppression instead of ART adherence on CVD risk factor
management. Similarly, person-visits associated with viro-
logic suppression exhibited greater CVD risk factor treatment
and control compared with matched unsuppressed person-
visits (Table 4). In regression analyses, virologic suppression
was most associated with improved hypertension treatment

and hypertension control at the following visit. Virologic
suppression among hypertensive person-visits was signifi-
cantly associated with a 7% increase in the use of antihy-
pertensive medications (RR 1.07, 95% CI 1.01–1.13,
p = 0.03) and a 13% increase in hypertension control (RR
1.13, 95% CI 1.04–1.22, p = 0.003). We did not detect sig-
nificant improvement in the other CVD risk factor manage-
ment outcomes examined.

Discussion

Over 9 years, we found that hypertension and diabetes
mellitus were better managed among HIV-infected women
than HIV-uninfected women from the same socioeconomi-
cally disadvantaged communities. Better hypertension man-
agement may have stemmed at least partially from HIV-
infected women being more likely to have a routine medical
provider. Nonetheless, a high proportion of HIV-infected
women were not optimally managed with respect to hyper-
tension, diabetes, and smoking, suggesting the need for
greater attention to these major CVD risk factors. While use
of therapies to treat hypertension and diabetes increased over
the time period, only small improvements in blood pressure
control among hypertensive women were observed over the
time period, and no concurrent improvement in glycemic
control was observed in diabetic HIV-infected women. The
percent of smokers who reported no longer smoking at the
following visit was consistently about 10% among HIV-
infected women over the 9-year period, with no improve-
ments over time. Virologic suppression was associated with
better management of hypertension, suggesting that there
may be downstream benefits of consistent ART use beyond
its effects on HIV virologic control.

Hypertension was relatively common in our middle-aged
population, with a prevalence of about 40% among HIV-
infected women between 2007 and 2014. This is substantially
higher than in the early 2000s, when hypertension prevalence
was first reported in the WIHS as 26% in HIV-infected
women.32 The current study demonstrated suboptimal con-
trol of hypertension (56%) among HIV-infected women,
despite over three-quarters of hypertensive women reporting
use of antihypertensive therapy. In comparison, the general
US female population has reported levels of hypertension
control that increased from 51% in 2007–2008 to 56% in
2011–2012.33 We speculate that poorer levels of hypertension
treatment and control that we observed among HIV-uninfected
women, compared with the general population, may be due to
the lower socioeconomic status of the WIHS women, which

FIG. 3. Trends in smoking cessation among recent current
smokers in the WIHS, by HIV serostatus, 2006–2014.
WIHS, Women’s Interagency HIV Study.

Table 2. Summary of Findings for Nonlipid Cardiovascular Disease (CVD) Risk Factor Management

Based on HIV Serostatus Among Women’s Interagency HIV Study (WIHS) Participants, 2006–2014

More favorable among
HIV+ versus HIV-

Increase over time
among HIV+

Increase over time
among HIV-

Difference in trend
between HIV+ and HIV-

Hypertension treatment Yes Yes Yes No
Hypertension control Yes Yes No Yes
Diabetes treatment No Yes Yes No
Diabetes control Yes No No No
Smoking cessation No No No No
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could affect access to and adherence with treatment,34 al-
though we could not test this hypothesis. Nonetheless, the
findings collectively imply that better control of hypertension
is needed among all women, regardless of HIV status.

We found that having a usual source of care may explain
some of the association between HIV status and hypertension
control, and that among HIV-infected women, virologic
suppression was associated with an improvement in hyper-
tension treatment and control. In the general population,
having a usual source of care is associated with better hy-
pertension control35 and this relationship may be particularly
strong for people with HIV, who are recommended to have
HIV viral load monitoring at least every 6 months.13 In ad-
dition, the availability of similar modalities to control HIV
infection and hypertension, such as single daily pill formu-
lations, may facilitate their joint control. In contrast, diabetes
management often requires more intensive action, such as
self-monitoring of blood glucose and intensive insulin regi-
mens, and smoking cessation requires behavior change. Thus,

HIV-infected women may be uniquely positioned to be able
to manage hypertension, given their greater likelihood of
being in medical care and having comparable tasks that can
be used to treat both conditions.

We found that while diabetic HIV-infected women were
more likely to have glycemic control than uninfected women,
this did not improve over the time period despite an in-
creasing proportion of women on antidiabetes medication.
Compared with the US diabetic population, among whom
about 88% were treated between 2005 and 2010,36 the WIHS
women were less likely to be on antidiabetes medication,
although this gap narrowed over the period. Yet, HIV-
infected women in the WIHS were more likely to have dia-
betic control than the general population (73% during the
study, vs. 60% in 2009–2010), potentially reflecting the in-
creased level of care that HIV-infected individuals receive.

Smoking quit rates were consistently low over the time
period, with about 10% of women during each 6-month in-
terval reporting that they had recently quit. We did not have

Table 3. Association of HIV Serostatus and Demographic and Behavioral Characteristics

with Nonlipid Cardiovascular Disease (CVD) Risk Factor Management, Women’s Interagency

HIV Study (WIHS) Participants, 2006–2014

CVD risk factor management outcome

Hypertension
treatment,

RR (95% CI)

Hypertension
control,

RR (95% CI)

Diabetes
treatment,

RR (95% CI)

Diabetes
control,

RR (95% CI)

Smoking
cessation,

RR (95% CI)

HIV serostatus
(vs. uninfected)

1.10 (1.03–1.17) 1.26 (1.14–1.39) 0.98 (0.84–1.16) 1.15 (1.03–1.28) 1.08 (0.89–1.30)

Age (per 10 years) 1.20 (1.16–1.23) 1.04 (0.998–1.09) 1.08 (0.99–1.18) 1.04 (0.99–1.10) 0.86 (0.79–0.95)

Race/ethnicity (vs. white)
Black race 1.09 (0.999–1.20) 0.87 (0.79–0.97) 1.27 (0.97–1.65) 0.94 (0.83–1.07) 1.01 (0.79–1.30)
Hispanic ethnicity 0.98 (0.88–1.10) 0.95 (0.83–1.08) 1.26 (0.95–1.67) 0.84 (0.73–0.98) 1.04 (0.78–1.39)

Income >$24,000/year
(vs. <$24,000/year)

1.00 (0.96–1.04) 0.98 (0.92–1.04) 0.99 (0.93–1.05) 1.02 (0.93–1.12) 0.87 (0.73–1.03)

Education (vs. did not complete high school)
Completed high school 1.03 (0.97–1.10) 1.04 (0.95–1.04) 1.11 (0.93–1.31) 1.08 (0.97–1.21) 1.01 (0.83–1.24)
At least some college 1.04 (0.98–1.12) 1.05 (0.96–1.16) 1.05 (0.87–1.26) 1.03 (0.91–1.15) 1.52 (1.23–1.87)

Employed
(vs. unemployed)

0.96 (0.92–0.995) 0.96 (0.90–1.02) 0.98 (0.92–1.05) 0.99 (0.91–1.07) 1.06 (0.90–1.24)

Insured (vs. not insured) 1.17 (1.09–1.26) 1.13 (1.01–1.27) 0.97 (0.87–1.08) 1.11 (0.97–1.26) 0.84 (0.66–1.06)
Number of children

(per child)
1.01 (0.99–1.02) 1.00 (0.98–1.02) 1.04 (1.002–1.08) 0.97 (0.95–0.997) 0.96 (0.92–1.01)

Current recreational drug
use (vs. not current)

0.97 (0.93–1.01) 0.89 (0.83–0.96) 0.97 (0.90–1.04) 1.11 (1.01–1.21) 0.70 (0.58–0.84)

Ever recreational drug
use (vs. never)

1.01 (0.94–1.09) 1.03 (0.94–1.13) 0.95 (0.80–1.13) 0.97 (0.86–1.10) 0.71 (0.53–0.94)

Current alcohol use (vs. abstainer)
<7 drinks/week 1.01 (0.98–1.04) 0.99 (0.93–1.05) 0.96 (0.90–1.01) 1.01 (0.94–1.10) 0.79 (0.67–0.94)
8–12 drinks/week 1.01 (0.95–1.07) 0.98 (0.87–1.09) 0.96 (0.87–1.06) 1.10 (0.93–1.30) 0.77 (0.58–1.01)
>12 drinks/week 1.00 (0.94–1.05) 0.91 (0.81–1.02) 0.96 (0.87–1.06) 1.04 (0.91–1.18) 0.52 (0.39–0.69)

Ever alcohol use
(vs. never)

0.96 (0.91–1.01) 0.92 (0.85–0.99) 0.94 (0.84–1.04) 0.97 (0.87–1.07) 1.18 (0.97–1.44)

Unstable housing
(vs. stable)

1.00 (0.96–1.04) 1.03 (0.96–1.09) 0.98 (0.93–1.03) 0.98 (0.89–1.08) 1.20 (0.99–1.44)

Severe depressive
symptoms
(CES-D ‡23) vs.
CES-D <23

1.00 (0.96–1.03) 1.04 (0.99–1.09) 0.99 (0.94–1.04) 1.01 (0.94–1.08) 0.91 (0.78–1.06)

Models include all factors presented in table, as well as calendar time and study site. Bold represents statistically significant associations (p < 0.05).
CES-D, Center for Epidemiologic Studies Depression Scale; CI, confidence interval; RR, risk ratio.
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information on the methods used to attempt smoking cessa-
tion, but the fact that quit rates were similar by HIV serostatus,
in contrast to hypertension and diabetes control, suggests that
there may be missed opportunities for improved smoking
control among HIV-infected women given their greater use
of medical care. While we did not find an association of
ART adherence or virologic suppression with smoking quit
rates, another WIHS study found that ART use was asso-
ciated with less smoking relapse among women with sus-
tained cessation.37 Our definition of smoking control in the
current study did not take into account long-term cessation,
and almost half of the women who recently quit smoking
reported a smoking relapse 6 months later (data not shown).
Given the substantial health benefits associated with quitting
smoking, targeted interventions for HIV-infected women,
potentially integrated with other behavioral interventions
addressing substance use,38 should be considered to improve
cessation.

Our study has several strengths. In contrast to clinic-based
cohorts that collect data through routine care, the WIHS is an
interval-based cohort, meaning that visits occur indepen-
dently of clinical care and therefore capture behaviors (e.g.,
ART adherence) every 6 months that may be less likely to be
reported to primary care providers. Detailed longitudinal data
allowed us to report trends at a time when CVD risk factors
are increasingly common in the HIV population. Over three-
quarters of WIHS participants identify as black or Hispanic/
Latina, which represents a similar demographic profile to
women with HIV in the United States.39 Finally, we used
modern statistical techniques to account for potential con-
founding when assessing the association of ART outcomes
with CVD risk factor management. Propensity score match-
ing minimizes potential bias from known confounders, but it
does not account for unmeasured confounders.

Limitations include a lack of complete information on
treatments for smoking such as pharmacological quit aids
that could influence smoking cessation. Also, our study did
not examine nonpharmacological lifestyle interventions such
as those related to dietary patterns or physical activity.40 We
also did not focus on weight management, since the rela-
tionship between HIV infection and adiposity is complex41;
for example, higher body mass index may be associated with
long-term advantages in immune recovery.42 Nonetheless,
lifestyle factors and social determinants related to body
composition greatly influence CVD prevention,43 and future
studies should focus on these areas. Our measure of ART
adherence relies on self-report based on 6-month recall;
while self-report has been shown to have validity comparable
to more costly monitoring systems such as medication event
monitoring systems or unannounced pill counts,44,45 it may
capture behaviors only in a broad sense. We could not define
for all participants the severity of hypertension or diabetes
before treatment, an important potential influence on the
likelihood of controlling these risk factors, which possibly
may have differed by HIV serostatus. Finally, we acknowl-
edge that control of CVD risk factors may result from actions
on the part of the treating physician (e.g., diagnosis; recom-
mendations for behavior change and treatment), the patient
(e.g., compliance with physician recommendations, medi-
cation adherence), or both, but we could not distinguish be-
tween these pathways. For example, we did not collect data
on adherence to hypertension medications, which if subop-
timal would help to explain why some individuals are not
controlled despite being treated.

In summary, we found that hypertension and diabetes were
more effectively managed among HIV-infected women than
HIV-uninfected women from the same risk population, likely
due, in part, to greater contact with the healthcare system. In

Table 4. Association of Antiretroviral Therapy (ART) Adherence and Virologic Suppression

with Nonlipid Cardiovascular Disease (CVD) Risk Factor Management, Women’s Interagency

HIV Study (WIHS) Participants, 2006–2014

CVD risk factor management
outcome, as related to ART
adherence (95% of time)

n person-visits
(n women),

adherent

% with
outcome,
adherent

n person-visits
(n women),

not adherent

% with
outcome,

not adherent

Rate ratio for
adherence
(95% CI) p Value

Hypertension treatment 4193 (783) 78 817 (349) 74 1.03 (0.95–1.11) 0.47
Hypertension control 4193 (783) 69 817 (349) 65 0.99 (0.92–1.07) 0.82
Diabetes treatment 2593 (294) 51 473 (165) 51 0.98 (0.87–1.12) 0.78
Diabetes control 1084 (254) 75 193 (105) 70 1.24 (0.99–1.54) 0.06
Smoking cessation 3628 (619) 10 914 (353) 8 1.11 (0.87–1.42) 0.40

CVD risk factor management
outcome, as related to
virologic suppression

n person-visits
(n women),
suppressed

% with
outcome,

suppressed

n person-visits
(n women), not

suppressed

% with
outcome,

not suppressed

Rate ratio for
suppression
(95% CI) p Value

Hypertension treatment 2654 (638) 80 855 (413) 73 1.07 (1.01–1.13) 0.03
Hypertension control 2654 (638) 72 855 (413) 62 1.13 (1.04–1.22) 0.003
Diabetes treatment 1506 (254) 58 472 (192) 50 1.08 (0.97–1.21) 0.16
Diabetes control 627 (206) 74 197 (126) 64 1.11 (0.95–1.28) 0.18
Smoking cessation 1929 (449) 10 777 (366) 9 1.06 (0.76–1.48) 0.72

Exposed and unexposed person-visits after on 1:1 propensity score matching with replacement, accounting for age at visit, race/ethnicity,
year of visit, current income, education, current employment, current insurance status, study site, CD4+ count, viral load, history of ART,
number of children, change in number of children since last visit, history of recreational drug use, current recreational drug use, history of
alcohol use, current alcohol use, current stable housing, depressive symptoms. Rate ratios determined by weighted log-binomial regression
with robust variance.

CI, confidence interval.
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particular, better hypertension control was observed among
virologically suppressed women. Nonetheless, more than
40% of hypertensive and 25% of diabetic HIV-infected wo-
men still did not achieve target control levels, and smoking
quit rates have not changed in 9 years, suggesting that CVD
risk factor management remains far from optimal. HIV care
providers are uniquely positioned to teach their patients about
preventive strategies to reduce CVD risk and have the op-
portunity to intervene, given the increasing age-related risk
for metabolic events among women with HIV.
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