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We observed an independent association between vitamin D
insufficiency and higher carotid intima-media thickness in
a cross-sectional analysis of 139 HIV-infected persons. If
confirmed, these findings support a clinical trial of vitamin
D supplementation to reduce cardiovascular events in HIV-
infected persons.

Human immunodeficiency virus (HIV)-infected persons have
high rates of vitamin D insufficiency, but little is known about its
effect on cardiovascular disease [1]. We conducted this study to
identify factors associated with vitamin D insufficiency and to
describe the association of vitamin D insufficiency with sub-
clinical atherosclerosis, measured by carotid intima-media
thickness (cIMT), in HIV-infected persons.

METHODS

Participants were selected from a prospective study of bone
metabolism and cardiovascular risk factors from the Univer-
sity of California—San Francisco (UCSF) Study of the Con-
sequences of the Protease Inhibitor Era cohort, an ongoing
study of the long-term clinical outcomes associated with an-
tiretroviral therapy (ART) in HIV-infected adults [2-3].
Study investigators conducted structured interviews and
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detailed chart reviews to obtain sociodemographic charac-
teristics (age, sex, and self-reported race), HIV disease history
(current and cumulative ART exposure, CD4+ cell count
nadir, hepatitis C or B co-infection, and history of opportu-
nistic infection), comorbidities (cardiovascular disease, hy-
diabetes, health-related
behaviors (alcoholism and smoking), and medication ex-

pertension, and dyslipidemia),
posures (multivitamin or calcium supplementation). Other
measurements included body mass index (BMI, defined as the
weight in kilograms divided by the square of height in meters)
and the waist-to-hip ratio. The study was approved by the
UCSF Committee on Human Research.

Carotid B-mode ultrasound recordings were obtained using
the standardized protocol of the Atherosclerosis Risk in Com-
munities Study within 1 week of the structured interview,
physical examination, and blood sampling [4]. cIMT was
measured in 12 predefined segments (the right and left common
carotid artery, carotid bifurcation, and internal carotid artery at
both the near and far wall segments). All scans were performed
by and measurements obtained on digital images using manual
calipers by a single experienced vascular technician who was
blinded to the participant’s clinical characteristics. The mean
cIMT value (in mm) was calculated for each subject on the basis
of the 12 measurements at the predefined segments.

All study subjects had 25-OH vitamin D (“vitamin D”),
1,25-OH vitamin D, and intact parathyroid hormone (PTH)
levels measured by Quest Diagnostics (San Juan Capistrano,
CA). Vitamin D levels were measured by radioimmunoassay,
1,25-OH vitamin D levels were measured by liquid chroma-
tography tandem mass spectrometry, and intact PTH levels were
measured by immunoassay spectrophotometry. Vitamin D
levels <30 ng/mL were classified as insufficient on the basis of
consensus definitions [5]. Total cholesterol, high-density lipo-
protein cholesterol (HDL), triglycerides, low-density lipoprotein
cholesterol (LDL), and plasma glucose levels were obtained in
the fasting state. Elevated fasting glucose levels were defined by
a level >125 mg/dL. CD4+ cell counts and HIV viral load
measurements were obtained for all individuals. Individuals
with an estimated glomerular filtration rate (GFR) <60 mL/
min/1.73 m* were designated as having kidney disease.

We conducted 2 cross-sectional analyses. We first determined
the prevalence of and risk factors for vitamin D insufficiency.
Because the outcome (vitamin D deficiency) was common, the
use of logistic regression to estimate odds ratios would not
closely approximate prevalence ratios, which could potentially
lead to incorrect interpretations [6]. We have therefore used
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a Poisson working model with robust standard errors to directly
estimate prevalence ratios [7]. We conducted unadjusted com-
parisons between all characteristics and the outcome of vitamin
D insufficiency and included variables with P <.1 in multivar-
iable regression analysis; age, sex, and race were forced into the
final model.

We next examined the association between vitamin D
insufficiency and mean cIMT using multivariable linear
regression. We performed covariate selection on the basis of
a causal directed acyclic graph (DAG) approach [8]. We in-
cluded variables that were identified as confounders in the
DAG on the basis of established biological relationships. We also
excluded variables that were identified as “colliders” in the
DAG. Collider bias occurs when the association of 2 variables
(X and Y) under investigation spuriously changes upon
adjustment for a third variable (Z), which is caused by both
X and Y. As an example, we did not include history of cardio-
vascular disease in our DAG model, because it is influenced
(directly or indirectly) by both vitamin D insufficiency and IMT.

We also tested an alternative approach and included in the
multivariable model all covariates with P <.1 in unadjusted
comparisons; age, sex, and race were forced into the model. In
the final model for the outcome of cIMT, we additionally in-
cluded corrected calcium, alkaline phosphatase, PTH, and
1,25-OH vitamin D levels to determine whether the association
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between vitamin D insufficiency and cIMT would be in-
dependent of bone-related mineral factors.

Adjusted IMT levels in Figure 1 were calculated for each
vitamin D category using population marginal means from
a linear regression model with dependent variable of IMT,
containing all terms in the final model. Population marginal
means are within-group means adjusted for other effects in the
model [9].

RESULTS

The mean age of the study population (n = 139) was 45 years;
84% were male, 54% were white, and 32% were black (Table S1).
Most patients (76%) were receiving ART at the time of exami-
nation. Among these individuals, 75% had suppressed HIV viral
load (<1000 copies/mL) with a median CD4+ cell count of 336
cells/ mm® (interquartile range 224-589 cells/mm”). The prev-
alence of cardiovascular disease and traditional risk factors, such
as diabetes (6%) and kidney disease (5%), were uncommon;
however, other risk factors, such as hypertension, smoking,
and dyslipidemia, were present in 20%—30% of the study pop-
ulation.

Vitamin D insufficiency was found in 52% of participants. In
unadjusted comparisons (Table S2), subjects with vitamin D
insufficiency were more likely to be female, more likely to be

——
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Figure 1.

(15-30 ng/dL)
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Adjusted Mean Carotid Intima-Media Thickness by Vitamin D Category*After adjustment for traditional cardiovascular risk factors

and HIV-related factors, a graded relationship between vitamin D levels and carotid IMT was observed, P = .021). *Carotid intima-media thickness
predicted by the multivariable linear regression model after adjustment for age, sex, race, coronary heart disease, hypertension, dyslipidemia, pack-years
of smoking, NRTI duration, HIV duration, season, total cholesterol, LDL, waist to hip ratio, and calcium supplementation, corrected calcium, alkaline
phosphatase, parathyroid hormone, and 1,25-OH vitamin D level. Error bars represent 95% confidence intervals.
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black, and were exposed to shorter durations of ART (non-
nucleoside reverse transcriptase inhibitors [NNRTIs], nucleo-
side reverse transcriptase inhibitors [NRTIs], and protease
inhibitors [PIs]). Compared with study subjects with normal
levels of vitamin D, individuals with vitamin D insufficiency also
had higher BMI, glucose levels, and HDL cholesterol levels
and had lower triglyceride levels. In multivariable models, black
race (relative risk [RR], 2.62; 95% confidence interval [CI],
1.80-3.82) and higher BMI (RR, 1.25 per BMI increase of 5; 95%
CI, 1.03-1.51) were positively associated with vitamin D in-
sufficiency. Those individuals who received multivitamin sup-
plementation were less likely to be vitamin D insufficient
(RR, .70; 95% CI, 0.52-0.95). Compared with individuals
who did not receive NNRTIs, subjects who used NNRTIs for
<6 months were 2.5 times more likely to have vitamin D in-
sufficiency. However, the risk of vitamin D insufficiency asso-
ciated with NNRTI exposure did not extend beyond the
6-month period. Female sex, lipid and glucose levels, and ex-
posure to PIs were not associated with vitamin D insufficiency in
multivariable models.

In multivariable linear regression models, vitamin D
insufficiency was associated with higher mean cIMT levels
(Table S3). In Model 2, which included age, sex, race, HIV viral
load, CD4+ cell count, duration of NNRTI therapy, duration of
PI therapy, duration of NRTI therapy, LDL level, HDL level,
serum glucose level, and pack-years of smoking, cIMT was 0.13
mm greater in those with vitamin D insufficiency, compared
with cIMT for those with normal vitamin D status. In Model 3,
which included covariates with a P < .1 in unadjusted models of
cIMT, results were nearly identical between groups. This asso-
ciation remained significant despite further adjustment for
bone-related mineral factors. As a sensitivity analysis, we con-
structed a more parsimonious model that excluded variables
with P values >.1; this model yielded results similar to those
of the primary multivariable model reported in Table S3. Next,
we examined whether there was a graded, independent associ-
ation between vitamin D status and mean cIMT. We found
that the mean cIMT increased in a stepwise manner in those
individuals with vitamin D insufficiency and deficiency
after adjustment for all of the aforementioned variables
(P = .021; Figure 1).

DISCUSSION

To our knowledge, this study is the first to report the association
between vitamin D status and atherosclerotic vascular disease,
measured by cIMT, in HIV-infected persons. We found
that vitamin D insufficiency was common, and it was signifi-
cantly associated with cIMT independent of traditional and
HIV-related risk factors.

Our study adds to previous reports of vitamin D insufficiency
in HIV-infected persons, which have also documented a high
prevalence of this condition in this population [1, 10-11].
Consistent with earlier research, our findings indicated that
vitamin D insufficiency was common in this ethnically diverse
study population, affecting over half of the participants. Pre-
vious studies involving HIV-infected persons have also identi-
fied black race and NNRTI exposure as significant risk factors
for vitamin D deficiency [11], whereas studies conducted in
cohorts of HIV-uninfected persons have reported an inverse
correlation between BMI and vitamin D level [12]. In our study,
we found that risk factors for vitamin D insufficiency included
black race and higher BMI; additionally, we found that vitamin
D insufficiency in our cohort may be associated with short-term
exposure to NNRTIs for <6 months, which is a finding that
will need to be re-evaluated in other cohorts with longer
NNRTI exposure. Unfortunately, we were not able to examine
the effect of specific drugs (such as efavirenz) on vitamin D
insufficiency. The effect of NNRTI over time may depend on
the proportion and duration of treatment of individuals with
specific NNRTI agents, such as efavirenz and nevirapine;
unfortunately, we do not have this data available in our cohort,
but we hope to evaluate this in future studies. Additional work
to identify the mechanisms underlying these associations is
needed to enhance the safe administration of these drugs.

cIMT is a marker of atherosclerosis and a strong predictor
of future clinical events. We found that HIV-infected persons
with vitamin D insufficiency had a mean cIMT that was
0.13 mm greater than the mean cIMT for those with normal
vitamin D levels, even after extensive risk factor adjustment.
These differences in cIMT may carry important cardiovascular
risk implications, because in the general population, the ad-
justed relative risk of stroke is increased by 18% and the risk
of myocardial infarction is increased by 15% per 0.10 mm in-
crease in cIMT [13]. The addition of vitamin D to the list of
risk factors for atherosclerosis may also have potential clinical
applications. Although risk factors, such as elevated lipid levels
and inflammation, are difficult to treat in HIV-infected persons,
vitamin D insufficiency is a readily modifiable risk factor.
Vitamin D insufficiency can be diagnosed using laboratory
testing that is already widely available, and it is remediable
with high-dose exogenous supplementation. Although these
findings need to be replicated prospectively in a larger cohort
of HIV-infected persons, they provide evidence to support
a study of vitamin D supplementation to reduce cardiovascular
risk in HIV-infected persons.

In summary, we observed an independent association
between vitamin D level and carotid artery atherosclerosis.
Although this investigation was limited by its cross-sectional
study design, these findings provide the basis for future studies
that prospectively examine the risk of clinical cardiovascular
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disease associated with vitamin D status over time and the effects
of high-dose vitamin D supplementation on cIMT.
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Supplementary materials are available at Clinical Infectious
Diseases online (http://www.oxfordjournals.org/our_journals/
cid/).

Supplementary materials consist of data provided by the
author that are published to benefit the reader. The posted
materials are not copyedited. The contents of all supple-
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