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Abstract

HIV infection is associated with left ventricular (LV) dysfunction and accelerated atherosclerosis. These con-
ditions result in elevation of plasma natriuretic peptide (NP) levels. The present study compares N-terminal-
pro-BNP (NT-pro-BNP) levels in HIV-infected and -uninfected women and identifies factors influencing
NT-pro-BNP levels in HIV-infected women. A total of 454 HIV-infected and 200 HIV-uninfected participants
from the Women’s Interagency HIV Study (WIHS) had NT-pro-BNP determination. Elevated NT-pro-BNP level
was defined using previously determined age stratified cut-off values of >164 ng=liter (age<60 years) and >225
(age�60 years). HIV-infected women were older (41.6� 8.9 vs. 38.9� 10.5 years, p< 0.01) and were more likely
to have anemia, hepatitis C virus (HCV) antibodies, and kidney dysfunction than HIV-uninfected women. HIV-
infected women had significantly higher NT-pro-BNP levels (142.4� 524.8 vs. 73.6� 115.1 ng=liter, p¼ 0.01) and
a higher prevalence of elevated NT-pro-BNP (12.1% vs. 7.5%; p¼ 0.08). In univariate analyses, elevated NT-pro-
BNP was significantly associated with age, systolic BP, hypertension, anemia, triglyceride levels, kidney disease,
and HCV seropositivity, but not HIV infection. In multivariate analysis, elevated NT-pro-BNP levels were
significantly associated with anemia and kidney function, and had a borderline association with the presence of
HCV antibodies. Among HIV-infected women, NT-pro-BNP levels were not independently associated with
measures of severity of infection or with HAART use. Although HIV-infected women have higher NT-pro-BNP
levels than HIV-uninfected women, the differences are due to non-HIV factors such as anemia, kidney disease,
and HCV coinfection. These findings suggest that natriuretic peptide levels are a global marker of comorbidity in
the setting of HIV infection.

Introduction

HIV infection is associated with left ventricular (LV)
dysfunction and congestive heart failure (CHF).1 These

conditions result in elevated levels of plasma brain natriuretic
peptide (BNP), which is released from the cardiac ventricles in
response to increased wall stress.2–4 In recent years, BNP and
its precursor, N-terminal pro-BNP (NT-pro-BNP), have been
used to aid in the determination of LV dysfunction and the
evaluation and management of CHF. BNP is synthesized as a
high-molecular-weight precursor, pro-BNP, which is cleaved
to release BNP and the amino terminal fragment NT-pro-
BNP. Both peptides are released from the cardiac ventricles in
response to increased wall stress. Natriuretic peptide levels

are also increased in a variety of conditions including myo-
carditis, LV hypertrophy, and pulmonary hypertension,
which are also manifestations of HIV infection.5,6 Although
the mechanism is uncertain, BNP levels are similarly in-
creased in the setting of atherosclerosis.7 Cardiovascular (CV)
disease is an increasing concern among patients with HIV
infection.8,9 Although natriuretic peptide levels have been
proposed to be a neurohumoral marker of CV risk,10,11 few
prior studies have evaluated such levels in HIV infection.12–15

Accordingly, the objectives of the present study were to
identify clinical factors associated with elevated NT-pro-BNP
in HIV-infected and -uninfected women and to further in-
vestigate the effect of these risk factors on NT-pro-BNP levels
in HIV-infected women.
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Materials and Methods

Study population

The study was conducted in a sample of participants from
the Women’s Interagency HIV Study (WIHS), an ongoing,
multicenter study of natural history of HIV disease in women.
WIHS enrolled women infected with HIV and at risk for HIV
acquisition in 1994–1995 (n¼ 2623) and 2001–2002 (n¼ 1143)
in five cities in the United States: Bronx=Manhattan, NY, San
Francisco, CA, Los Angeles, CA, Washington DC, and Chi-
cago, IL. Women eligible for enrollment into the WIHS were
13 years of age or older, gave informed consent, completed an
interviewer-assisted questionnaire in English or Spanish, had
a physical and gynecological examination, and blood collec-
tion. Women attended study visits every 6 months in which
they completed an interview-assisted questionnaire, under-
went a physical and gynecological examination, and provided
biological specimens. The standardized interview-based
questionnaire collected information regarding sociodemo-
graphics, access to care information, chronic illness, behaviors
associated with HIV acquisition, medications, HIV treatment,
and disease characteristics. The study’s methodology, train-
ing, quality assurance activities, baseline characteristics, and
updated characteristics of the cohort have been reported
elsewhere.16,17 All women from the Brooklyn site attending
study visits between October 2004 and September 2005
(n¼ 437) and 250 unselected women from the Bronx site at-
tending study visits between April 2005 and October 2005
(n¼ 250) were asked to participate in this nested study of NT-
pro-BNP. Cross-sectional data were collected from willing
participants (n¼ 654), 379 of whom were originally enrolled
in WIHS during 1993–1994 and 275 of whom were enrolled in
2001–2002. The study was approved by the Institutional Re-
view Boards of both the Brooklyn and Bronx study sites and
all subjects provided written informed consent.

Outcome classification

Laboratory values were generated for NT-pro-BNP levels
using Roche’s NT-pro-BNP Test (Roche Diagnostics Corp.,
Indianapolis, IN), a fluorescence immunoassay using whole
blood and plasma with a lower level of detection of 5 ng=liter.
An elevated NT-pro-BNP level was defined using previ-
ously determined age-stratified cut-off values of>164 ng=liter
among subjects <60 years age and >225 ng=liter among
subjects �60 years.18

Risk factor classification

The WIHS semiannual visits include medical history and
health behavior questionnaires, assessments of medication
use, standardized clinical and laboratory measurements, and
phlebotomy. Race=ethnicity was self-reported at baseline.
Information regarding cigarette smoking, the occurrence of an
AIDS-defining illness, and highly active antiretroviral ther-
apy (HAART) is collected routinely at each study visit via self-
report. History of an AIDS-defining illness (ADI) was defined
as a prior report of conditions consistent with 1993 Centers for
Disease Control and Prevention surveillance definition, but
excluding immunologic criterion of CD4 <200 cells=ml. These
events were ascertained through self-report and some were
confirmed through medical record abstraction and cancer and
tuberculosis registries. This self-reported measure of clinical

AIDS diagnosis has been shown to be associated with greater
immunosuppression and higher HIV RNA viral loads in the
WIHS.19 HAART was defined as self-reported therapy being
taken at the time of data collection. It was defined using the
standard WIHS definition, adapted from the Department of
Health and Human Services & Kaiser Panel guidelines, as
reported use of (1) two or more nucleoside reverse tran-
scriptase inhibitors (NRTIs) in combination with at least one
protease inhibitor (PI) or one nonnucleoside RTI (NNRTI), (2)
one NRTI in combination with at least one PI and at least
one NNRTI, (3) a regimen containing ritonavir and saquinavir
in combination with one NRTI and no NNRTIs, or (4) an
abacavir or tenofovir-containing regimen of three or more
NRTIs in the absence of both PIs and NNRTIs, except for the
three-NRTI regimens consisting of abacavirþ tenofovirþ
lamivudine, or didanosineþ tenofovirþ lamivudine.20

Clinical examination generated data for body mass index
(BMI) and blood pressure (BP). Anthropometric measure-
ments of height and weight were performed according to the
Third National Health and Examination Survey (NHANES
III) procedures.21 BMI was calculated based on measured
weight and height and was classified as underweight
(<18.5 kg=m2), normal (18.5–24.9 kg=m2), overweight (25.0–
29.9 kg=m2), and obese (�30.0 kg=m2). BP was measured in
the right arm with a DINAMAP 1846 SX automated oscillo-
metric device (Critikon, Inc., Tampa, FL). Three or more
readings were taken after the subject sat for at least 5 min and
all readings per participant were averaged. Hypertension was
defined as either measured systolic BP>140 mm Hg, or dia-
stolic BP>90 mm Hg, or a self-reported diagnosis of hyper-
tension with use of antihypertensive medications.

Laboratory tests conducted using standard WIHS protocols
on blood collected at the study visit were used to generate
values for HIV serostatus, fasting glucose, total cholesterol,
HDL cholesterol, triglyceride levels, hemoglobin (Hb), creat-
inine, HCV antibodies, and CD4 count. HIV serostatus was
determined using the Food and Drug Administration (FDA)-
approved enzyme-linked immunosorbent assay testing and,
if reactive, confirmed with the FDA approved Western blot
HIV-1 confirmatory assay. Diabetes was defined as either a
fasting blood glucose of >126 mg=dl or a self-reported diag-
nosis of diabetes or treatment of diabetes with medications.22

Serum total cholesterol, high-density lipoprotein cholesterol
(HDL-C), and triglyceride levels were measured at a central
laboratory. Low-density lipoprotein cholesterol (LDL-C) was
estimated from the Friedewald equation.23 Hemoglobin was
measured using the standard laboratory method and anemia
was defined as hemoglobin <12 gm=dl.24 Kidney function
was quantified by the estimated glomerular filtration rate
(eGFR) calculated by the simplified Modification of Diet in
Renal Disease (MDRD) equation, which takes into account a
person’s age, gender, race, and creatinine level.25 Kidney
function was classified as normal function (eGFR �90 ml=
min=1.73 m2), mild kidney disease (eGFR 60–89.9 ml=min=
1.73 m2), and moderate to severe kidney disease (eGFR
<60 ml=min=1.73 m2). Hepatitis C (HCV) serostatus was de-
termined using second-generation enzyme immunoassay
(HCV EIA 2.0; Abbott Laboratories, Abbott Park, IL). CD4
count was measured within 24 h of specimen collection by a
standard flow cytometry technique at laboratories certified by
the National Institutes of Health Division of AIDS flow cy-
tometry testing program.
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Statistical methods

Continuous variables were reported as mean� standard
deviation and Student’s t tests were used to test statistically
significant differences in means. The Pearson’s w2 test statistic
was used to assess statistically significance differences in
proportions for dichotomous and categorical variables; if the
numbers within a cell were small (i.e., n<10) then Fischer’s
exact w2 test statistic was used. Univariate and multivariate
logistic regression models of elevated NT-pro-BNP levels
were used to estimate odds ratios (OR) and 95% confidence
intervals (95% CI) for clinical risk factors. In addition to HIV
status,othervariablesthatwereinvestigatedincludedage,race,
BMI category, systolic BP, smoking, hypertension, diabetes,
anemia, hepatitis C antibody status, kidney function, and
lipid fractions. The prevalence of active or chronic hepatitis B

infection among the subjects studied was very low (only eight
cases), and therefore was not evaluated. To further investigate
NT-pro-BNP levels specifically in HIVþ women, univariate
and multivariate linear regression models of continuous
NT-pro-BNP were used to measure the percent change in NT-
pro-BNP. The distribution of NT-pro-BNP was positively
skewed, so the natural log transformation of NT-pro-BNP was
used as the dependent variable in the linear regression mod-
els. Natural log transformation was also used for normalizing
distribution of lipid fractions. A quadratic term for systolic BP
was used in the linear regression model to better model the
observed J-shaped relationship of systolic BP and natural log
transformed NT-pro-BNP. In addition to the clinical risk fac-
tors used in the logistic regression model, HIV-specific vari-
ables including current CD4 count, history of nadir CD4
<200 cells=ml, history of ADI, and current use of HAART were

Table 1. Characteristics of HIV-Infected and -Uninfected Participants,

the Women’s Interagency HIV Study (WIHS)

Characteristicsa HIV-infected women (N¼ 454) HIV-uninfected women (N¼ 200) p-valueb

Mean age (years) 41.6� 8.7 38.9� 10.5 <0.01
Race=ethnicity

Black, non-Hispanic 293 (65%) 134 (67%) 0.22
Hispanic 121 (27%) 55 (28%)
Other 32 (7%) 7 (4%)

BMIc

Underweight 8 (2%) 5 (3%) 0.36
Normal BMI 137 (30%) 49 (25%)
Overweight 143 (32%) 58 (29%)
Obese 159 (35%) 80 (40%)

Current smoker 217 (48%) 103 (52%) 0.38
Mean systolic BPd (mm Hg) 119� 18 121� 19 0.77
Hypertension 122 (27%) 56 (28%) 0.37
Anemia 160 (35%) 20 (10%) <0.01
Kidney functione

Normal 292 (64%) 145 (73%) 0.02
Mild kidney disease 128 (28%) 49 (25%)
Moderate to severe kidney disease 30 (7%) 4 (2%)

Hepatitis C antibody 118 (26%) 34 (17%) 0.01
Diabetes 26 (6%) 16 (8%) 0.27
Total cholesterol (mg=dl) 174� 39 177� 36 0.25
HDL cholesterol (mg=dl) 47� 17 53� 15 <0.01
Triglycerides (mg=dl) 139� 93 110� 125 <0.01
LDL cholesterol (mg=dl) 101� 32 103� 33 0.33
CD4 count
�500 cells=ml 193 (43%) —
200–499 cells=ml 200 (44%) — —
<200 cells=ml 58 (13%) —

History of ADIf 162 (36%) — —
History of nadir CD4 <200=ml 177 (40%) — —
Current HAART 273 (60%) — —
Mean plasma NT-pro-BNP (ng=liter) 142.44� 524.80 73.60� 115.09 0.01
Elevated NT-pro-BNPg 55 (12%) 15 (8%) 0.08

aMeans are presented� standard deviation; percentages may not add up to 100% due to missing data.
bp-values for differences in means were calculated using t test statistics. p-values for differences in proportions were calculated using

Pearson’s w2 test statistic unless the cells have n<10; then Fisher’s exact w2 test was used.
cBMI, body mass index; underweight is <18.5, normal is 18.5–24.9, overweight is 25.0–29.9, and obese is �30.0.
dBP, blood pressure.
eKidney function defined as normal is EGFR� 90 mL=min=1.73 m2, mild kidney disease is EGFR¼ 60–89.9 mL=min=1.73 m2; moderate to

severe kidney disease is EGFR< 60 mL=min=1.73 m2.
fAIDS defining illness is a prior report of conditions consistent with the 1993 CDC surveillance definition, excluding the criterion of

CD4< 200 cells=mL.
gElevated NT-pro-BNP level is defined as values >164 ng=liter among subjects <60 years age and >225 ng=liter among subjects �60 years.
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also investigated in the linear regression models. A p-value
<0.05 was used to guide interpretation. All analyses were
performed using STATA version 9.2 (College Station, TX).

Results

Of the 654 women enrolled in this study, 454 were HIV
infected and 200 were HIV uninfected. Characteristics of the
participants are shown in Table 1. Compared to HIV-
uninfected women, HIV-infected women were older and
were more likely to have anemia, HCV antibodies, and kidney
dysfunction. The use of medications for treating hyperten-
sion and diabetes was similar between the HIV-infected and
-uninfected groups (hypertension treatment 22.6 vs. 23.0%,
p¼ 0.49; diabetes treatment 5.5 vs. 7.1%, p¼ 0.28).

HIV-infected individuals had a significantly higher mean
NT-pro-BNP level compared to HIV-uninfected individuals
(142.4� 524.8 vs. 73.6� 115.1 ng=liter, p-value¼ 0.01) (Table 1).
When NT-pro-BNP was defined as a binary variable, HIV-
infected women had a higher prevalence of elevated NT-pro-
BNP compared to HIV-uninfected women; however, the
difference was not significant at traditional p-value criteria
(12% vs. 8%; p¼ 0.08, univariate OR¼ 1.70, 95% CI 0.94, 3.09).
In the univariate logistic models, elevated NT-pro-BNP was
significantly associated with age, hypertension, anemia, kid-
ney dysfunction, serum triglyceride levels, and the presence
of HCV antibodies (Table 2). After adjusting for relevant
covariates in multivariate analyses, elevated NT-pro-BNP
was associated with anemia and kidney dysfunction but not

with HIV status (Table 2). Mild, moderate, or severe kidney
disease was prevalent in 60% (9=15) of HIV-uninfected
women and 55% (30=55) of HIV-infected women with ele-
vated NT-pro-BNP. Multivariate analyses also suggested an
association of HCV with higher NT-pro-BNP and obesity with
lower NT-pro-BNP, although these findings were of border-
line significance (Table 2).

Of the 654 women, 23 (5%) HIV-infected and 12 (6%)
-uninfected women were on beta blockers ( p¼ 0.63), 52 (12%)
HIV-infected and 27 (14%) -uninfected women were on ACE
inhibitor or ARB therapy ( p¼ 0.46), 17 (4%) HIV-infected and
10 (5%) -uninfected women were on calcium channel blockers
(0.61), and 28 (6%) HIV-infected and 13 (7%) -uninfected
women were on diuretic therapy ( p¼ 0.87). There were no
statistically significant class-specific antihypertensive rela-
tionships with plasma NT-pro-BNP.

In univariate analyses limited to HIV-infected women, age,
smoking, hypertension, anemia, kidney disease, HCV anti-
bodies, low CD4 count (both current and history of a nadir
<200 cells=ml), and history of a prior ADI were associated
with significantly higher NT-pro-BNP levels, while being
overweight or obese was associated with lower levels
(Table 3). In the adjusted model, anemia, kidney disease, and
HCV seropositivity were significantly associated with higher
NT-pro-BNP levels, the highest levels seen with moderate to
severe kidney disease (112.5%, p-value�0.01). Obesity re-
mained associated with lower NT-pro-BNP levels in the ad-
justed model (– 34.5%, p-value¼ 0.01). There was an observed
J-shaped relationship between systolic BP and natural log-
transformed NT-pro-BNP levels. This relationship was mod-
eled using a quadratic term and was statistically significant in
both the univariate and multivariate linear models. Low
current and nadir CD4þ count and history of ADI were not
significantly associated with higher NT-pro-BNP after ad-
justment for comorbidities and other variables (Table 3).

Among the HIV-infected women, 174 were on PI drugs, 288
were on�1 NRTI drugs (maximum 4), and 95 were on NNRTI
drugs (maximum 1). On univariate analyses, there was a
trend toward higher plasma NT-pro-BNP levels among sub-
jects who were on PIs (n¼ 174) compared to those who were
not on PIs (n¼ 273) (log transformed NT-pro-BNP 4.1� 1.2
vs. 3.9� 1.1, p¼ 0.07). There was no statistically significant
relationship between the use of NRTIs or NNRTIs and plasma
NT-pro-BNP levels. On multivariate analysis, there was no
independent relationship between plasma NT-pro-BNP levels
and any specific class of antiretroviral drugs.

Discussion

We found that HIV-infected women have higher mean NT-
pro-BNP than HIV-uninfected women. Similarly, markers of
advanced HIV disease including CD4þ count below
200 cells=ml and ADI were associated with higher NT-pro-
BNP, although multivariate analyses suggested that these
associations were explained by comorbidities including ane-
mia, HCV, and impaired kidney function, which were more
prevalent in the HIV-infected group. Our findings suggest
that NT-pro-BNP levels among HIV-infected patients are a
global marker of non-HIV-related comorbidities known to be
associated with higher natriuretic peptide levels.

Concern regarding CV disease in HIV-infected individuals
has led to multiple studies examining the associations of HIV

Table 2. Correlates of Elevated NT-Pro-BNP

in HIV-Infected and -Uninfected Women

in the Women’s Interagency HIV Study (WIHS)

Risk factor OR (95% CI)
Adjusteda

OR (95% CI)

HIV infection 1.70 (0.94–3.09) 0.79 (0.34–1.85)
Age, per year 1.07 (1.04–1.10) 1.01 (0.97–1.06)
BMIb

Normal 1.00 1.00
Underweight 1.06 (0.22–5.03) 0.84 (0.09–8.00)
Overweight 0.61 (0.33–1.15) 0.60 (0.28–1.30)
Obese 0.54 (0.29–0.99) 0.37 (0.16–0.83)

Current smoker 1.67 (1.00–2.81) 1.56 (0.79–3.08)
Hypertension 3.40 (2.05–5.64) 1.69 (0.73–3.91)
Anemia 3.11 (1.83–5.27) 3.75 (1.88–7.47)
Kidney functionc

Normal 1.00 1.00
Mild kidney disease 2.23 (1.32–4.09) 1.64 (0.61–4.43)
Moderate to severe

kidney disease
13.11 (6.01–28.60) 4.19 (1.56–11.27)

Hepatitis C antibodies 3.80 (2.28–6.34) 2.01 (0.99–4.10)
Diabetes 0.64 (0.19–2.13) 0.31 (0.07–1.37)
Total cholesterold 0.29 (0.02–3.57) 2.15 (0.05–89.54)
HDL cholesterold 0.39 (0.10–1.47) 0.86 (0.12–6.21)
Triglyceridesd 2.93 (1.11–7.69) 1.36 (0.27–6.77)

aAdjusted for race and systolic blood pressure.
bBMI, body mass index; underweight is <18.5, normal is 18.5–24.9,

overweight is 25.0–29.9, and obese is �30.0.
cKidney function defined as normal is eGFR � 90 ml=min=1.73 m2,

mild kidney disease is eGFR 60–89.9 ml=min=1.73 m2, and moderate
to severe kidney disease is eGFR <60 ml=min=1.73 m2.

dLipid subfractions entered after log10 transformation to correct
for skewed distribution.
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infection with atherosclerosis, left ventricular dysfunction,
and congestive heart failure.26 Natriuretic peptides including
NT-pro-BNP are markers of hemodynamic stress, and are
used clinically to aid in the detection of LV dysfunction and
the evaluation and management of congestive heart failure.27

Recently, however, the measurement of natriuretic peptides
has been shown to provide prognostic information in patients
with acute and chronic coronary artery disease.7,28 Accord-
ingly, measurement of plasma BNP level has been suggested
to be a cost-effective means of screening for CV disease.29,30

Few prior studies have assessed natriuretic peptide levels
and cardiac function in HIV-infected populations12–15 and
none hasspecifically examined NT-Pro-BNP levels. Carillo-
Jimenez found serum levels inversely related to LV function
in 10 HIV-infected patients assessed by echocardiography.12

In contrast, a Danish study of 95 HIV-infected patients found
no correlation between NT-pro-BNP levels and LV or right
ventricular ejection fraction measured by radionuclide ven-
triculography.13 That finding could be explained by unmea-
sured factors other than cardiac function contributing to
elevated NT-pro-BNP levels. A prior German study per-
formed cardiac magnetic resonance imaging on 12 HIV-
infected subjects with elevated BNP levels and found multiple
abnormalities including left ventricular hypertrophy, myocar-
ditis, dilated cardiomyopathy, and right ventricular failure.15

These findings support the interpretation that natriuretic
peptide levels are a global measure of CV disease.30 Our
findings indicate that the prevalence of elevated NT-pro-BNP

in HIV-infected individuals is almost twice that of HIV-
uninfected individuals (12.1% vs. 7.5%, respectively, p¼ 0.08).

In our study, elevated NT-pro-BNP levels were signifi-
cantly associated with HCV infection, anemia, and kidney
dysfunction. These findings are consistent with prior studies
showing higher natriuretic peptide levels associated with the
same factors in HIV-uninfected populations.31 HCV has been
previously reported to be associated with myocarditis, car-
diomyopathy, and elevated NT-pro-BNP in HIV-uninfected
populations.32,33 Among 1355 patients with heart failure, el-
evated NT-pro-BNP levels were found in 42 of 42 patients
(100%) who had HCV antibodies.31 Though the exact mech-
anism of cardiac involvement in HCV infection is unclear, it is
believed that HCV may promote the development of cardio-
myopathy by inducing myocarditis, wherein an inflamma-
tory response induces growth and cell death in cardiac cells.34

The strong relationship between NT-pro-BNP and advanced
renal disease has also been reported in prior studies of HIV-
uninfected individuals.35–37 Elevated NT-pro-BNP levels
among patients with renal disease may reflect a chronic fluid
overload state or may be related to other comorbidities that
may increase LV wall tension.

We found that HIV infection was not associated with
NT-pro-BNP after adjustment for comorbidities and other
variables in the linear regression models. However, HIV is
associated with an increased occurrence of myocarditis, car-
diomyopathy, as well as atherosclerosis.1,7,38,39 It is also as-
sociated with comorbid conditions including anemia, renal

Table 3. Correlates of NT-Pro-BNP among HIV-Infected Women in the Women’s Interagency HIV Study (WIHS)

Unadjusted expected
% change in plasma

NT-pro-BNP, ng=liter ( p-value)

Adjusteda expected %
change in plasma NT-pro-BNP,

ng=liter ( p-value)

Age, per year 3.5% (<0.01) 0.7% (0.33)
BMIb (vs. normal)

Underweight �6.5% (0.87) �34.9% (0.40)
Overweight �30.0% (0.01) �20.0% (0.12)
Obese �35.8% (<0.01) �34.4% (0.01)

Current smoker 24.7% (0.04) 19.6% (0.07)
Hypertension 71.8% (<0.01) 21.9% (0.14)
Anemia 37.3% (<0.01) 23.4% (0.04)
Kidney functionc (vs. normal)

Mild kidney disease 25.5% (0.04) �2.1% (0.91)
Moderate to severe kidney disease 412.6% (<0.01) 112.5% (<0.01)

Hepatitis C antibodies 95.6% (<0.01) 27.1% (0.04)
Diabetes �15.2% (0.47) �36.2% (0.10)
Total cholesterold �52.1% (0.33) �29.9% (0.63)
HDL cholesterold �26.8% (0.37) �4.2% (0.91)
Triglyceridesd 28.3% (0.21) �17.2% (0.51)
Current CD4 count (vs. >500 cells=ml)

200–500 cells=ml 15.1% (0.22) �1.2% (0.92)
<200 cells=ml 88.6% (<0.01) 19.9% (0.29)

History of nadir CD4 <200 34.2% (0.01) 15.7% (0.20)
History of AIDS-defining illnesse 70.4% (<0.01) 18.9% (0.11)
Current use of HAART 5.9% (0.61) �0.5% (0.97)

aAdjusted for race and systolic blood pressure.
bBMI, body mass index; underweight is <18.5, normal is 18.5–24.9, overweight is 25.0–29.9, and obese is �30.0.
cKidney function defined as normal is eGFR �90 ml=min=1.73 m2, mild kidney disease is eGFR 60–89.9 ml=min=1.73 m2, and moderate to

severe kidney disease is eGFR <60 ml=min=1.73 m2.
dLipid subfractions entered after log10 transformation to correct for skewed distribution.
eAIDS-defining illness defined a prior report of conditions consistent with 1993 Centers for Disease Control and Prevention surveillance

definition, but excluding immunologic criterion of CD4þ <200 cells=ml.
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insufficiency, and hepatitis, which were independently asso-
ciated with elevated NT-pro-BNP. These findings suggest
natriuretic peptide levels are nonspecific markers of general
medical (non-HIV-specific) comorbidities in patients with
HIV infection.

In the present study, there was a strong inverse relationship
between obesity and plasma NT-pro-BNP levels. This finding
is consistent with prior studies of natriuretic peptides in non-
HIV-infected populations. Although the explanation for this
finding is currently debated, higher testosterone levels and
lower adiponectin levels seen in overweight and obese sub-
jects have been implicated.40,41 Another interesting finding in
this study was the J-shaped relationship between systolic BP
and natural log-transformed NT-pro-BNP levels (Fig. 1).
Although a J-shaped curve has been previously reported for
BP and CV outcomes,42 natriuretic peptide levels are linearly
related to CV outcomes.43 High systolic BP may directly in-
crease LV workload and tension. Although the exact mecha-
nism for the association between low systolic BP and higher
NT-pro-BNP level is unclear, clinically stable hypotension is a
frequent finding in advanced congestive cardiomyopathy.44

High LV wall stress or expanded plasma volume may con-
tribute to higher NT-pro-BNP in such patients.

This is the largest study of NT-pro-BNP in HIV-infected
individuals in the United States. However, this study has
limitations, including a cross-sectional design that makes it
difficult to attribute causality between the investigated factors

and NT-pro-BNP levels. LV function and atherosclerosis are
known to be associated with NT-pro-BNP; however, they
were not investigated in this study. Finally, although the
women in the WIHS reflect the demographics of the HIV
epidemic among women in the United States, generalizability
of our findings to HIV-infected men is limited as women have
been found to have higher levels of natriuretic peptide.
Moreover, women in this study had relatively well-controlled
HIV infection, and had been enrolled in a prospective study
for many years at the time of NT-pro-BNP assessment.

In summary, we found HIV-infected women had higher
mean NT-pro-BNP levels compared to HIV-uninfected
women. However, HIV infection was not associated with
higher levels of NT-pro-BNP after controlling for relevant
covariates. Among HIV-infected women, higher NT-pro-BNP
levels were related to non-HIV-specific comorbidities in-
cluding anemia, hepatitis C, and kidney disease. Increased life
expectancy of HIV-infected individuals has led to the need for
new biomarkers of comorbidities in this population. Long-
itudinal research is needed to determine the prognostic value
of high natriuretic peptide levels in HIV-infected individuals
for cardiac and noncardiac clinical endpoints.
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