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Summary

Background—Human immunodeficiency virus infection and obesity are pro-inflammatory 

conditions that, when occurring together, may pose a synergistic risk for diabetes and 

cardiovascular disease.

Purpose—The aim of the current study was (i) to document the prevalence of obesity in HIV+ 

patients treated at the Miriam Hospital Immunology Center (Providence, RI) and (ii) to investigate 

the relationship between obesity and comorbidities.

Methods—The study population consisted of 1,489 HIV+ adults (70% men; average age 48 ± 11 

years) treated between 01/01/2012 and 06/30/2014. Separate logistic regressions tested the 

associations between overweight and obesity and comorbid diagnoses (diabetes, hypertension and 

cardiovascular disease), as compared with normal weight. Covariates included age, gender and 

smoking status.
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Results—Approximately 37% of patients were overweight (body mass index 25.0–29.9), and an 

additional 28% were obese (body mass index ≥30.0). Obesity was associated with higher odds of 

comorbid diabetes (OR = 3.26, CI = 1.98–5.39) and hypertension (OR = 2.11, CI = 1.49–2.98). 

There was no significant association between obesity and the presence of cardiovascular disease 

(OR = 1.12, CI = 0.66–1.90). Overweight was associated only with higher odds of comorbid 

diabetes (OR = 1.72; CI = 1.02–2.88).

Conclusion—Our findings demonstrate a heightened risk of comorbidities in overweight and 

obese HIV + patients. Future studies should investigate whether weight loss interventions for this 

population can reduce cardiovascular and metabolic risk factors as they do in other populations.
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Introduction

During the height of the US AIDS epidemic, hundreds of thousands of Americans died from 

opportunistic infections and wasting after acquiring the human immunodeficiency virus 

(HIV). For many, the letters ‘HIV’ still conjure images of extreme, unwanted weight loss, 

although the prognosis for most Americans living with HIV today is quite different. 

Individuals treated with effective combined antiretroviral therapy (cART) are now living 

with HIV as a chronic condition and, strikingly, many are obese (1–3).

Nearly 1.2 million Americans are living with HIV, and approximately 50,000 are infected 

annually (4). The condition disproportionately affects African Americans, Latinos and men 

who have sex with men (MSM) of all races and ethnicities; in 2010, two-thirds of new 

infections occurred in MSM, and the estimated rates of infection among African Americans 

and Latinos were eight times and three times the rates in Caucasians respectively (5). New 

infections are highest among young people (31% of new cases occurred in 25- to 34-year-

olds and 26% in 13- to 24-year-olds) (5). However, in 2012, 25% of Americans living with 

HIV were 55 years or older (6). HIV infection continues to be one of the most stigmatizing 

health conditions (7) and often co-occurs with other highly stigmatized conditions, including 

substance abuse and psychiatric illness (8).

Obesity among HIV+ adults with access to care is recognized among infectious disease 

researchers and clinicians. Over the past decade, papers demonstrating this phenomenon 

have been published in journals including Antiviral Therapy (9), AIDS Patient Care and 
STDs (2,10), the Journal of Acquired Immunodeficiency Syndromes (1) and Open Forum 
Infectious Diseases (11). A recent study in Medicine reported that in a nationally 

representative sample of over 4,000 HIV+ adults with access to care, two in five women and 

one in five men were obese (3).

The combination of HIV infection and obesity may result in an additive or synergistic risk 

for diabetes and cardiovascular disease (CVD), among other chronic medical conditions, 

owing to the pro-inflammatory nature of both conditions. Inflammation associated with HIV 

infection results from replication of HIV, replication of co-morbid viral infections (e.g. 
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cytomegalovirus and Epstein–Barr virus), loss of regulatory immune cells and microbial 

translocation across damaged gut mucosa (12,13). In obesity, the visceral adipose tissue 

releases increased concentrations of pro-inflammatory adipokines (e.g. TNF-α, IL-6) and 

decreased concentrations of anti-inflammatory adipokines (e.g. adiponectin). Chronic 

inflammation in obesity may also be due, in part, to changes in gut microbiota and intestinal 

permeability (14). Higher rates of alcohol, smoking and illicit drug abuse (12), abnormally 

low functional aerobic capacity (15) and chronic use of cART for decades (12) may further 

exacerbate the risk of diabetes and CVD in HIV+ individuals.

We conducted a cross-sectional investigation of the HIV+ population treated at the Miriam 

Hospital Immunology Center, Rhode Island, with the goal of (i) documenting the prevalence 

of obesity in the centre’s HIV+ population and (ii) examining the relationship between 

obesity and comorbidities. Our data provide a unique opportunity to examine these issues on 

a statewide basis because this centre sees 94% of all HIV+ individuals in the state of Rhode 

Island who are engaged in care. The full spectrum of patients with HIV in the state, based on 

age, race/ethnicity, risk group and comorbidity status, are seen at this centre, and 93% of 

these patients have well-controlled HIV.

Methods

Study population

The study population consisted of all HIV+ adults treated in the Immunology Center at the 

Miriam Hospital, a major teaching hospital of the Alpert Medical School of Brown 

University, in Providence, Rhode Island, between 01/01/2012 and 06/30/2014. The 

Institutional Review Board approved this study.

Data extraction

Patient demographics, diagnoses and laboratory tests from office visits between 01/01/2012 

and 06/30/2014 were extracted and de-identified from the Immunology Center Database and 

Electronic Clinical Works. ‘Active’ patients who had at least one medical visit during the 

extraction period were included in our analyses. ‘Inactive’ patients (e.g. deceased, 

transferred care) and patients who were pregnant during the extraction period were excluded. 

Demographics included age at the end of the extraction period, gender, race, ethnicity, HIV 

transmission group (MSM vs. non-MSM), body mass index (BMI; calculated from 

objectively measured height and weight) and smoking status. Laboratory data consisted of 

CD4 count and HIV plasma viral load. BMI was calculated based on the most recent office 

visit, and CD4 count and viral load data were extracted from the most recent laboratory test. 

Diagnoses (as listed in patient medical records) included diabetes, hypertension and CVD 

(which included CVD, chronic heart failure, coronary artery disease and peripheral vascular 

disease).

Data analysis

Descriptive statistics determined the frequencies, means and standard deviations. Chi-

squared tests compared demographic and laboratory categories (age, gender, race, ethnicity, 

HIV transmission group, smoking status, CD4 count, viral load) by BMI category (normal 
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weight [BMI 18.5–24.9], overweight [BMI 25.0–29.9], obese [BMI ≥30]). Separate logistic 

regressions tested the associations between overweight and obesity and comorbid diagnoses 

(diabetes, hypertension and CVD), as compared with normal weight. Analyses controlled for 

age (continuous), gender and smoking status. Transgendered patients (n = 6) were not 

included in regression analyses to allow for model convergence. All analyses were 

conducted by using SAS version 9.4.

Results

A total of 1,489 HIV+ patients were included in this study. The average patient age was 48 

(SD = 11) years, and 43% of the patients were 50 years or older. The majority of patients 

were men (70%, n = 1,047), of whom 60% (n = 627) identified as MSM. Most patients were 

being effectively treated with cART (93% CD4 >200 cells μL−1, 85% plasma viral load ≤ 75 

copies mL−1). Demographic characteristics, by overweight and obesity status, are displayed 

in Table 1. As shown in Figure 1, approximately 37% of patients were overweight (BMI 

25.0–29.9), and an additional 28% were obese (BMI ≥30.0).

Obesity was associated with higher odds of comorbid diabetes (OR = 3.26, CI = 1.98–5.39) 

and hypertension (OR = 2.11, CI = 1.49–2.98) as compared with normal weight. There was 

no significant association between obesity and presence of CVD (OR = 1.12, CI = 0.66–

1.90). Overweight was associated with higher odds of comorbid diabetes (OR = 1.72, CI = 

1.02–2.88) but not hypertension (OR = 1.36, CI = 0.97–1.91) or CVD (OR = 0.87, CI = 

0.52–1.47).

Discussion

Among HIV+ patients receiving care at the Miriam Hospital Immunology Center in 

Providence, Rhode Island, greater than one in four HIV+ patients was obese and two-thirds 

were either overweight or obese. Our findings are in line with data from a number of US and 

international cohorts reporting comorbid obesity and HIV infection (1,2,9–11). Further, this 

percentage closely mirrors the rate of obesity and overweight in Rhode Island (26% obese, 

63% overweight or obese) (16).

In the current study, the odds of having diabetes were three times greater in obese patients 

than in normal weight patients; being overweight also significantly increased the risk of 

diabetes but to a lesser extent. The odds of having hypertension were two times greater in 

obese patients than in normal weight patients. Of note, the current study used a cross-

sectional design, and, thus, we cannot infer directionality in these relationships. There were 

no differences in risk of CVD in this study population, but other studies have shown elevated 

CVD risk (12). We recognize that our cross-sectional design limits our ability to fully 

capture CVD risk, as these diagnoses may emerge in older adulthood.

Two other findings from the current study warrant brief discussion. First, obesity in this 

cohort was more prevalent in women than in men. Nationally, nearly one in four HIV+ 

Americans are women, with African–American and Hispanic/Latino women being 

disproportionately affected (4). As African–American and Latino women have the highest 

rates of obesity (17), future research on the health risks of obesity and the effects of weight 
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loss may be particularly warranted in this subpopulation of people living with HIV. 

Although the prevalence was lower, it is important to note that more than 20% of male 

patients in our sample were also obese.

Second, almost half (43%) of the patients in the Miriam Hospital Center were aged 50+ 

years at the time of our study, whereas only 15% were 50+ years when the cohort was 

examined 10 years earlier (data not shown). The increasing age of the HIV+ population in 

combination with obesity compounds the risk of health problems such as hypertension, 

diabetes and CVD.

Our findings raise the question of whether weight loss interventions with HIV+ populations 

can reduce cardiovascular and metabolic comorbidities as they do in non-infected 

populations. To date, there is no evidence to suggest that weight loss is indicated in this 

population. There have been a number of exercise and nutrition interventions with HIV+ 

individuals in recent years (18), but few have focused specifically on weight loss (19). In 

2006, Engelson et al. investigated the effects of weight loss on body composition and 

metabolic risk factors in 18 obese, HIV+ women (20). The 12-week intervention consisted 

of weekly nutrition education classes and supervised exercise (aerobic and resistance) three 

times per week. Despite significant weight loss (average 6.7 kg), mean fasting glucose, 

insulin and insulin sensitivity did not improve, nor were there changes in fasting lipids, 

tissue plasminogen activator or plasminogen activator inhibitor 1. Similarly, in a study with 

30 HIV+ individuals, Terry et al. (21) found that weight losses (average 2 kg) resulting from 

a low-lipid diet and aerobic exercise intervention did not produce changes in glucose, 

triglycerides, total cholesterol or HDL cholesterol. These findings stand in marked contrast 

to the effects of weight loss on cardiovascular and metabolic risk factors in non-HIV+ 

populations (22,23). Further research is thus clearly warranted to determine whether 

interventions lead to weight loss and subsequently whether weight loss leads to improved 

health in this population. Because of the prior history of wasting in HIV+ patients and the 

persistence of HIV even in virally suppressed patients, it will also be important to determine 

the effects of weight loss on lean body mass and CD4 counts.

In the era of HIV as a chronic condition, HIV+ individuals effectively treated with cART are 

facing different health challenges compared with HIV+ patients of the 1980s and 1990s. In 

the current study, more than one in four HIV+ patients was obese, and two-thirds were 

overweight or obese. Research examining the relationship between weight loss and risk 

factor changes in this population is needed to determine whether weight loss should be 

encouraged in these individuals.
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Figure 1. 
Distribution of body mass index among HIV+ patients (n = 1,489) treated at the 

Immunology Center at the Miriam Hospital (Providence, Rhode Island).

Becofsky et al. Page 8

Obes Sci Pract. Author manuscript; available in PMC 2017 August 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Becofsky et al. Page 9

Ta
b

le
 1

D
em

og
ra

ph
ic

s 
by

 o
be

si
ty

 s
ta

tu
s 

in
 H

IV
+

 p
at

ie
nt

s 
(n

 =
 1

,4
59

) 
tr

ea
te

d 
at

 th
e 

Im
m

un
ol

og
y 

C
en

te
r 

at
 th

e 
M

ir
ia

m
 H

os
pi

ta
l (

Pr
ov

id
en

ce
, R

ho
de

 I
sl

an
d)

V
ar

ia
bl

e
A

ll 
pa

ti
en

ts
*  

n 
(%

)
N

or
m

al
 w

ei
gh

t 
n 

(%
)

O
ve

rw
ei

gh
t 

n 
(%

)
O

be
se

 n
 (

%
)

P
 v

al
ue

A
ll 

pa
tie

nt
s

1,
45

9 
(1

00
.0

)
48

6 
(3

3.
3)

55
3 

(3
7.

9)
42

0 
(2

8.
8)

—

G
en

de
r

<
0.

00
01

 
M

al
e

1,
02

9 
(7

0.
5)

36
5 

(7
5.

1)
42

6 
(7

7.
0)

23
8 

(5
6.

7)

 
Fe

m
al

e
42

4 
(2

9.
1)

11
8 

(2
4.

3)
12

6 
(2

2.
8)

18
0 

(4
2.

9)

 
T

ra
ns

ge
nd

er
6 

(0
.4

)
3 

(0
.6

)
1 

(0
.2

)
2 

(0
.5

)

A
ge

0.
01

46

 
<

30
 y

ea
rs

11
3 

(7
.8

)
49

 (
10

.1
)

36
 (

6.
5)

28
 (

6.
7)

 
31

–4
0 

ye
ar

s
24

7 
(1

6.
9)

80
 (

16
.5

)
10

8 
(1

9.
5)

59
 (

14
.1

)

 
41

–5
0 

ye
ar

s
47

4 
(3

2.
5)

14
5 

(2
9.

8)
17

5 
(3

1.
7)

15
4 

(3
6.

7)

 
51

–6
0 

ye
ar

s
48

0 
(3

2.
9)

15
8 

(3
2.

5)
18

7 
(3

3.
8)

13
5 

(3
2.

1)

 
61

–7
0 

ye
ar

s
12

2 
(8

.4
)

40
 (

8.
2)

42
 (

7.
6)

40
 (

9.
5)

 
>

70
 y

ea
rs

23
 (

1.
6)

14
 (

2.
9)

5 
(0

.9
)

4 
(1

.0
)

H
IV

 tr
an

sm
is

si
on

 g
ro

up
 (

m
en

, o
nl

y)
0.

15
80

 
M

SM
62

6 
(6

0.
1)

23
1 

(6
3.

3)
25

5 
(5

9.
9)

13
2 

(5
5.

5)

 
N

on
-M

SM
41

1 
(3

9.
9)

13
4 

(3
6.

7)
17

1 
(4

0.
1)

10
6 

(4
4.

5)

R
ac

e
0.

24
60

 
C

au
ca

si
an

85
2 

(5
8.

4)
28

7 
(5

9.
1)

33
1 

(5
9.

9)
23

4 
(5

5.
7)

 
A

fr
ic

an
 A

m
er

ic
an

45
3 

(3
1.

1)
14

5 
(2

9.
8)

16
0 

(2
8.

9)
14

8 
(3

5.
2)

 
A

ll 
ot

he
rs

15
4 

(1
0.

6)
54

 (
11

.1
)

62
 (

11
.2

)
38

 (
9.

1)

E
th

ni
ci

ty
0.

53
46

 
H

is
pa

ni
c

35
9 

(2
4.

6)
11

5 
(2

3.
7)

14
5 

(2
6.

2)
99

 (
23

.6
)

 
N

on
-H

is
pa

ni
c

1,
10

0 
(7

5.
4)

37
1 

(7
6.

3)
40

8 
(7

3.
8)

32
1 

(7
6.

4)

Sm
ok

in
g 

st
at

us
0.

00
03

 
Sm

ok
er

59
6 

(4
0.

9)
23

3 
(4

7.
9)

19
8 

(3
5.

8)
16

5 
(3

9.
3)

 
N

on
-s

m
ok

er
86

3 
(5

9.
2)

25
3 

(5
2.

1)
35

5 
(6

4.
2)

25
5 

(6
0.

7)

C
D

4 
ce

ll 
co

un
t (

ce
lls

 μ
L

−
1 )

0.
02

33

 
<

20
0

10
2 

(7
.0

)
47

 (
9.

7)
34

 (
6.

2)
21

 (
5.

0)

 
20

1–
50

0
45

7 
(3

1.
4)

16
1 

(3
3.

2)
16

3 
(2

9.
6)

13
3 

(3
1.

7)

Obes Sci Pract. Author manuscript; available in PMC 2017 August 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Becofsky et al. Page 10

V
ar

ia
bl

e
A

ll 
pa

ti
en

ts
*  

n 
(%

)
N

or
m

al
 w

ei
gh

t 
n 

(%
)

O
ve

rw
ei

gh
t 

n 
(%

)
O

be
se

 n
 (

%
)

P
 v

al
ue

 
>

50
0

89
5 

(6
1.

6)
27

7 
(5

7.
1)

35
3 

(6
4.

2)
26

5 
(6

3.
3)

H
IV

 R
N

A
 lo

ad
 (

co
pi

es
 m

L
−

1 )
0.

91
79

 
≤7

5
1,

24
1 

(8
5.

2)
41

4 
(8

5.
2)

47
2 

(8
5.

5)
35

5 
(8

4.
7)

 
76

–1
,0

00
10

8 
(7

.4
)

35
 (

7.
2)

38
 (

6.
9)

35
 (

8.
4)

 
>

1,
00

0
10

8 
(7

.4
)

37
 (

7.
6)

42
 (

7.
6)

29
 (

6.
9)

* A
ll 

pa
tie

nt
s’

 e
xc

lu
de

s 
un

de
rw

ei
gh

t p
at

ie
nt

s 
(B

M
I 

<
18

.5
, n

 =
 3

0)
.

N
or

m
al

 w
ei

gh
t =

 B
M

I 
18

.5
–2

4.
9;

 o
ve

rw
ei

gh
t =

 B
M

I 
25

–2
9.

9;
 o

be
se

 =
 B

M
I 

≥3
0.

 B
M

I,
 b

od
y 

m
as

s 
in

de
x;

 M
SM

, m
en

 w
ho

 h
av

e 
se

x 
w

ith
 m

en
.

Obes Sci Pract. Author manuscript; available in PMC 2017 August 21.


	Summary
	Introduction
	Methods
	Study population
	Data extraction
	Data analysis
	Results

	Discussion
	References
	Figure 1
	Table 1

