
Fat Distribution in Men With HIV Infection

From the Study of Fat Redistribution and Metabolic Change in HIV Infection (FRAM)

Abstract

Objective—Both peripheral fat loss and central fat gain have been reported in HIV infection.

Which changes are specific to HIV were determined by comparison with control subjects and the

associations among different adipose tissue depots were determined.

Methods—Cross-sectional analysis of HIV-positive and control men from the study of Fat

Redistribution and Metabolic Change in HIV Infection. Lipoatrophy or lipohypertrophy was

defined as concordance between participant report of change and examination. Regional adipose

tissue volume was measured by magnetic resonance imaging (MRI).

Results—HIV-positive men reported more fat loss than controls in all peripheral and most

central depots. Peripheral lipoatrophy was more frequent in HIV-positive men than in controls

(38.3% vs. 4.6%, P < 0.001), whereas central lipohypertrophy was less frequent (40.2% vs.

55.9%, P = 0.001). Among HIV-positive men, the presence of central lipohypertrophy was not

positively associated with peripheral lipoatrophy (odds ratio = 0.71, CI: 0.47 to 1.06, P = 0.10).

On MRI, HIV-positive men with clinical peripheral lipoatrophy had less subcutaneous adipose

tissue (SAT) in peripheral and central sites and less visceral adipose tissue (VAT) than HIV-

positive men without peripheral lipoatrophy. HIV-positive men both with and without lipoatrophy

had less SAT than controls, with legs and lower trunk more affected than upper trunk. Use of the

antiretroviral drugs stavudine or indinavir was associated with less leg SAT but did not appear to

be associated with more VAT; nevirapine use was associated with less VAT.

Conclusion—Both peripheral and central subcutaneous lipoatrophy was found in HIV infection.

Lipoatrophy in HIV-positive men is not associated with reciprocally increased VAT.
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Changes in fat distribution, including peripheral lipoatrophy of face and limbs, appearance

of dorsocervical fat pads and multiple lipomas, and increased breast size, abdominal girth,

and visceral adipose tissue (VAT) have been reported in HIV infection and are referred to as

“lipodystrophy” or “fat redistribution syndrome.”1–25 HIV-associated lipodystrophy has

been associated with adverse metabolic parameters that predict increased cardiovascular

disease. Changes in fat stigmatize HIV-infected patients and have led patients to stop their

antiretroviral (ARV) therapy because they experienced or feared changes in fat.26–28

Most reports have defined lipodystrophy based on self-report of change, confirmed on

examination by a health care provider.2,4,6,10–13,15,20,25,29–32 Some studies reported on

changes in either peripheral or central body sites,2–4,10,16,25,33 some combine changes into

one syndrome,11–13,18,20,22,29,30 and others report separately on lipoatrophy only,

Reprints: Carl Grunfeld, University of California, San Francisco Veterans Affairs Medical Center, Metabolism Section, 111F, 4150
Clement Street, San Francisco, CA 94121 (grunfld@itsa.ucsf.edu).

NIH Public Access
Author Manuscript
J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2011 September 2.

Published in final edited form as:

J Acquir Immune Defic Syndr. 2005 October 1; 40(2): 121–131.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



lipohypertrophy only, and “combined” syndromes.15,17,21,23,24,31,32 Most studies used

unidirectional questions, assessing only the presence of anticipated findings of peripheral

lipoatrophy and central lipohypertrophy.6,11,12,15,17,21,23,24,29–32,34 Thus, there is debate

about the definition of the syndrome.1,15,17,20,24,31,32,34–36 The few studies that have

evaluated population-based control subjects with the same clinical instruments found that

lipoatrophy distinguished HIV-infected subjects from control subjects.37,38

The absence of a standardized definition has made research into etiology difficult and

prevented healthcare providers from counseling patients. The interrelationships of the

changes in fat distribution must be defined before prevalence, etiologic factors, and

associated metabolic changes can be studied. Therefore, in the study of Fat Redistribution

and Metabolic Changes in HIV Infection (FRAM), we evaluated self-reported changes in fat

and physical examination findings by trained observers using bidirectional instruments and

measured regional subcutaneous adipose tissue (SAT) and VAT by MRI in HIV-infected

subjects and control subjects using identical protocols. Our objectives were to compare fat

distribution as assessed by self-report, physical examination, and measurement by MRI in

HIV-infected men with that in controls (HIV-uninfected men) and within HIV-infected men,

to evaluate the interrelationships of fat distribution across peripheral and central regions, and

their associations with ARV therapy.

METHODS

Subjects

The protocol was approved by institutional review boards at all sites. HIV-infected subjects

were selected from coded lists of patients seen in 16 HIV or infectious disease clinics or

cohorts during 1999. Each list was randomly ordered and grouped into blocks of 5 potential

subjects. Sites were given sets of blocks; only after extensive recruitment efforts by multiple

methods were completed for a block was a new block provided. Analyses of female

participants are incomplete and will be reported subsequently. Of 2094 male patients active

in the HIV clinics, 414 did not answer multiple contact attempts; 154 were dead; 269 were

ineligible (institutionalized, n = 23; communication difficulty, n = 37; primary care provider

refused, n = 13; or excluded by study criteria, n = 196 [age <18 years; factors prevented

imaging: weight >136 kg, height >6′5″, metal in body, claustrophobia]). The remaining

1257 eligible men were approached for informed consent. Of those, 279 declined

participation and 163 did not return for data collection. Examinations were completed from

June 2000–January 2002 on 825 men (65.6% of 1257 contacted and eligible).

Control subjects were recruited from 2 centers of the Coronary Artery Risk Development in

Young Adults (CARDIA) study.39,40 CARDIA subjects were originally recruited as a

population-based sample of healthy 18- to 33-year-old white and African American men and

women from 4 cities in 1986 for a longitudinal study of cardiovascular risk factors.

Participants in the CARDIA study were stratified for the 2 races and genders. Of 377

participants who agreed to the year 15 CARDIA examination who were approached to

participate in FRAM, 339 (90%) agreed to participate; 28 (7%) did not return for

examination; and 14 (4%) were excluded from FRAM for factors preventing imaging. HIV

testing was not done in the CARDIA cohort, but the prevalence of HIV infection was

estimated to be <1% based on previous data, and no CARDIA participant was taking an

ARV medication.

Here we report findings for the 425 HIV-infected men and 152 control men in the 33- to 45-

year age range; we excluded 11 HIV-infected men who had an opportunistic infection or

malignancy within the same or previous calendar month as the examination, to remove

confounders of acute changes in fat.
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Clinical Assessments

The HIV-infected and control groups underwent identical standardized questionnaires and

examinations performed by uniformly trained research associates (completion rate >99%).

Each subject was asked to report whether he had had any change in fat over the past 5 years

in the cheeks next to the nose, lateral aspect of the face, legs, arms, buttocks (peripheral

sites), back, chest, neck, or abdomen or change in waist size (central sites). If subjects

answered yes, they were asked whether the change was an increase or decrease and to grade

it as mild, moderate, or severe. Subjects could also answer “No change” or “Don’t know.”

“Don’t know” represented <10% of responses and was pooled with “No change.” Research

associates were asked to determine whether subjects had more or less fat compared with

normal healthy people in each of those body areas, rating amount of fat using criteria from

the HIV Outpatient Study (HOPS): mild = only seen if looked for; moderate = easily seen;

severe = obvious immediately.20

Clinical lipoatrophy at each anatomic site was defined as concordance between participant

report of loss of fat (mild, moderate, or severe) and examination finding of less fat than a

normal healthy person at the same anatomic site. Lipohypertrophy was defined as

concordance of self-report of increased fat and examination finding of more fat than normal

at the same site.

Physical activity, alcohol intake, smoking, illicit drug use, education, and adequacy of food

intake were assessed by standardized instruments.40–43 Research associates interviewed

HIV-infected subjects and reviewed medical charts to determine the dates of use of

individual ARV medications. Blood was drawn for determination of CD4 cell counts and

HIV RNA by polymerase chain reaction, which were measured in a single laboratory

(Covance, Indianapolis, Indiana).

Measurements

Height and weight were measured. Body composition was measured by MRI with subjects

in the supine position, arms extended over head.44 Using the intervertebral space between

the 4th and 5th lumbar vertebrae as origin, transverse images (10-mm slice thickness) were

obtained every 40 mm from hand to foot. MRI scans were segmented using image analysis

software (Tomovision, Inc., Montreal, Canada). Tissue areas (cm2) were calculated by

summing specific tissue pixels, then multiplying by individual pixel surface area. Volume

per slice (cm3) of each tissue was calculated by multiplying area by thickness. Volume of

each tissue for the space between 2 consecutive slices was calculated via a mathematical

algorithm.45 Volumes were normalized by dividing by height2 with summaries back-

transformed to 1.75 m of height. We did not adjust to body mass index (BMI), as BMI is

influenced by the phenomenon being studied: quantity of fat. However, we also analyzed

adipose tissue volume adjusted to the subject’s total lean body mass. Ninety-two percent of

participants had MRI performed. Eleven percent of scans had at least one body area outside

the field of view. When a single limb was outside the field of view, volume in the measured

limb was doubled to obtain total limb volume. Using this method we quantified adipose

tissue volume in the leg, lower trunk (abdomen and back), upper trunk (chest and back),

arm, and VAT.

Statistical Analysis

For prevalence, P values were calculated by Fisher exact test. Numerical values were

compared by Mann–Whitney U test, which can produce small P values even when

confidence intervals for medians overlap. Associations between dichotomous variables were

quantified by odds ratios (ORs) from logistic regression models and those between numeric

variables by rank correlations.
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Multivariate analysis was performed to determine whether factors unrelated to HIV infection

and its therapies could account for observed differences in MRI measures between the

control and HIV-infected groups with and without clinical peripheral lipoatrophy. Separate

analyses were performed for each of the following 5 anatomic sites: visceral, legs, lower

trunk, arms, and upper trunk. For each anatomic site, separate comparisons were made of

control subject vs. HIV infected with lipoatrophy and control vs. HIV infected without

lipoatrophy. These models were fitted to logarithmic transformations of MRI measures to

produce estimated percentage differences in amounts of adipose tissue. To control for body

size, we included logarithm of total lean mass by MRI as a predictor in all models. This

appeared to have nonlinear associations with adipose tissue volume in some depots, so we

also included the square of log lean mass to model this nonlinearity. Results were very

similar when we instead used height to control for body size. We note that controlling for

BMI would not be appropriate, because BMI includes the outcomes being modeled as part

of its definition. Variables controlled for in the models include the following: age, ethnicity,

smoking, alcohol intake, illicit drug use (crack/cocaine, marijuana, heroin, and speed),

adequacy of food intake, and level of physical activity. As the purpose of these analyses was

to examine possible changes in the estimated HIV effects, we included a relatively more

expansive set of variables than would be appropriate for building predictive models.

Variables selected included those that had P < 0.05 in preliminary (unbootstrapped)

multivariate models for any of the 5 anatomic sites considered, along with some that had

high a priori plausibility as potential confounders. Confidence intervals were determined

using the bias-corrected accelerated bootstrap method,46 with P values defined as the one

minus the highest confidence level that still excluded zero. This was necessary both because

many outcome measures appeared to be non-Gaussian, even after log transformation, and to

control for multiple important predictors.

Multivariate analyses were separately performed to determine which factors related and

unrelated to HIV infection were predictive of lipoatrophy as assessed by leg SAT or of

lipohypertrophy as assessed by VAT in HIV-infected subjects. To control for body size, we

adjusted for logarithm of total lean mass by MRI as described above. Confidence intervals

were constructed for the estimated percentage differences from the multivariate models

using the bias-corrected accelerated bootstrap model as described above. In addition to the

predictors listed above, these models included HIV RNA level (log 10) and CD4 count (log

2) at the time of study visit. In multivariate models controlling for the above factors, we

evaluated total duration of use of each individual ARV drug and ARV class: nucleoside

reverse transcriptase inhibitor (NRTI), nonnucleoside reverse transcriptase inhibitor

(NNRTI), protease inhibitor (PI), and highly active antiretroviral therapy (HAART) as

defined by ≥2 NRTIs in combination with at least one PI or NNRTI; one NRTI in

combination with at least one PI and at least one NNRTI; a regimen containing ritonavir and

saquinavir in combination with one NRTI and no NNRTIs; or an abacavir-containing

regimen of ≥3 NRTIs in the absence of both PIs and NNRTIs. We checked linearity by

fitting more complex models using linear splines, finding that linearity appeared reasonable

in all cases. Duration of each ARV, ARV class, and HAART was added to the model in a

forward stepwise manner, and results for ARV not reaching P < 0.05 are shown controlling

for those that did.

RESULTS

Subjects

HIV-infected and control men had similar age ranges and percentage of whites; both groups

included significant numbers of African Americans, but the HIV-infected cohort included

other ethnic groups (Table 1). Mean height was 2% lower, weight 15% lower, and BMI 11%

lower in the HIV-infected men than in control subjects. The dominant HIV risk factor for
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men was having sex with men. HIV RNA and CD4 counts spanned the full spectrum of HIV

infection.

Lipoatrophy and Lipohypertrophy by Self-Report, Examination, and Concordance

Figure 1A shows that more HIV-infected men than control subjects reported fat losses in the

peripheral sites: cheeks, face, arms, buttocks, and legs (all P < 0.001). Half of fat loss

changes reported in HIV-infected men were “mild.” Likewise, for central sites, higher

proportions of HIV-infected men than control subjects reported decreases in waist size and

chest fat and possibly neck and upper back fat. These results indicate that a significantly

greater proportion of HIV-infected men lost fat in peripheral and central sites compared with

control men.

Some HIV-infected men reported gain in fat (Fig. 1B). However, the prevalence of fat gain

was significantly lower in HIV-infected men than controls in most central and peripheral

sites.

Findings on examination were similar to those from self-report (data not shown). Using the

commonly accepted standard of self-report confirmed by physical examination, clinical

lipoatrophy was more prevalent in all peripheral sites in HIV-infected men than in controls

(Fig. 2A). HIV-infected men were also more likely to have lipoatrophy in the central site of

abdominal fat and possibly neck, but the prevalence of central lipoatrophy was much lower

than in the periphery. With regard to clinical lipohypertrophy defined as concordance of

self-report and examination, HIV-infected men had less lipohypertrophy in the neck, chest,

abdomen, waist, cheeks, face, arms, and buttocks compared with controls (Fig. 2B).

We then separately assessed the prevalence of lipoatrophy and lipohypertrophy at any

peripheral or central site (Fig. 3). HIV-infected men were more likely to have peripheral

lipoatrophy in at least one site compared with controls (38% vs. 5%; P <0.001, Fig. 3A).

HIV-infected men commonly had multiple sites of peripheral lipoatrophy, whereas this was

uncommon in controls. More HIV-infected men than controls had clinical central

lipoatrophy (8% vs. 3%, P = 0.03, Fig. 3B), although this finding was less common than

peripheral lipoatrophy. In contrast, controls were more likely to have lipohypertrophy at one

or more sites, be they central or peripheral (Figs. 3C and D).

MRI Measurement of Regional Adipose Tissue Volumes

Because peripheral lipoatrophy was the most common characteristic that distinguished HIV-

infected men from control subjects and because peripheral lipoatrophy has been reported as

a distinct clinical syndrome, we compared adipose tissue volume measured by MRI in HIV-

infected men with and without clinical peripheral lipoatrophy and controls. Compared with

HIV-infected men without peripheral lipoatrophy, HIV-infected men with clinical peripheral

lipoatrophy had less SAT in peripheral depots of legs and arms, but they also had less SAT

in central depots of the lower trunk/abdomen and upper trunk/chest, and possibly VAT (Fig.

4). The findings were similar when adipose tissue volume was adjusted per lean body mass

rather than height (data not shown).

HIV-infected men with clinical lipoatrophy had less adipose tissue than controls in all

depots. Furthermore, HIV-infected men who did not have the clinical syndrome of

peripheral lipoatrophy also had less SAT in the legs, lower trunk, and upper trunk than

controls (Fig. 4). When adipose tissue volume was adjusted per lean body mass rather than

height, the findings were similar, except that median VAT volumes, although following the

same pattern, were closer together and differences did not reach statistical significance (data

not shown).
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We also performed an analysis controlling for factors unrelated to HIV infection that might

contribute to differences in body composition among HIV-infected men and controls

(including lean body mass, age, race, physical activity, and substance abuse) by multivariate

adjustment. The amount of adipose tissue adjusted remained significantly lower in all depots

in HIV-infected men with peripheral lipoatrophy compared with controls (Fig. 5). HIV-

infected men who did not have lipoatrophy also had significantly less adipose tissue in lower

trunk, leg, and possibly VAT than controls. HIV-infected men who did not have lipoatrophy

had similar upper trunk fat compared with controls and possibly more arm fat. Thus even

after adjustment for these factors and lean body mass, there is no evidence for a reciprocal

increase in VAT in HIV-infected men with peripheral lipoatrophy.

Is Clinical Peripheral Lipoatrophy Associated With Central Lipohypertrophy?

The findings that HIV-infected men with the clinical syndrome of peripheral lipoatrophy

have less adipose tissue volume in central sites than HIV-positive men without peripheral

lipoatrophy suggested that there was no association of peripheral lipoatrophy with central

lipohypertrophy in men with HIV infection. We found evidence against such an association

using multiple approaches. First, the amount of adipose tissue measured by MRI in most

sites was positively correlated with the amount of adipose tissue in most other sites

regardless of whether the sites were peripheral or central, or whether correlations were

examined among HIV-infected men with peripheral lipoatrophy, HIV-infected men without

peripheral lipoatrophy, or control subjects (data not shown). An interesting exception was

that there was no correlation between leg SAT and VAT in HIV-infected men with

peripheral lipoatrophy (r = 0.00, P = 0.99); men with low leg SAT had a wide range of

VAT.

Likewise, loss of fat in individual peripheral sites by self-report was associated with loss of

or less gain in fat at central sites (data not shown). Similarly, less fat in individual peripheral

sites on examination was associated with less fat in central sites. As shown in Figure 6,

among HIV-infected men, the presence of the clinical syndromes of central lipohypertrophy

and peripheral lipoatrophy had no positive association with each other (OR: 0.71, CI: 0.47 to

1.06, P = 0.10). In contrast, the presence of central lipoatrophy was strongly associated with

peripheral lipoatrophy (OR: 18.9, CI: 5.7 to 63, P < 0.0001).

Factors Associated With Leg SAT and VAT

Finally, we assessed (Table 2) whether similar factors were associated with leg SAT (the

most affected subcutaneous depot) and VAT (an important central depot that is associated

with metabolic changes) in HIV-infected men by a multivariate model that included CD4

cell count, HIV RNA level, and ARV therapy duration, as well as the non–HIV-related

predictors used above. The effects of race, smoking, and physical activity all followed

known patterns in the general population.43 Of note, age was associated with less leg SAT,

but more VAT, in HIV-infected subjects. Higher current HIV RNA levels were associated

with more leg SAT but did not appear to be associated with VAT. Duration of use of

stavudine was strongly associated with less leg SAT, as was that of indinavir. There was a

trend for an association of duration of use of didanosine with less leg fat. However,

stavudine and indinavir were not associated with more VAT. No ARV was estimated to

have a substantial positive association with VAT; the largest point estimate for an ARV was

much smaller in magnitude than those for race, age, or physical activity. In contrast,

duration of nevirapine use was associated with less VAT. There were no apparent

associations with any ARV class or HAART after adjusting for stavudine and indinavir for

leg SAT or nevirapine for VAT.

Page 6

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2011 September 2.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



DISCUSSION

Our study demonstrates that HIV-infected men who had the clinical syndrome of peripheral

lipoatrophy had less adipose tissue in each peripheral and central depot than HIV-infected

men without peripheral lipoatrophy. Furthermore, HIV-infected men with or without the

clinical syndrome of peripheral lipoatrophy had less adipose tissue in both peripheral and

central subcutaneous sites compared with control subjects, with lower body more affected

than upper body using direct measurements of adipose tissue volume. Clinically, HIV-

infected men were more likely to have peripheral lipoatrophy than controls, but they also

had more central lipoatrophy and less central lipohypertrophy. The findings from self-report

also show that loss of fat in peripheral and most central subcutaneous depots distinguished

all HIV-infected men from controls. Furthermore, use of stavudine or indinavir was

associated with less leg SAT, but the use of these drugs did not appear to be associated with

more VAT.

Thus, our results argue against the proposals in earlier reports of a reciprocal syndrome of

lipodystrophy in which peripheral fat loss is accompanied by central fat gain, including

increased VAT. Likely reasons for these differences between our study and prior reports

include our use of bidirectional scales (most studies only inquired about peripheral fat loss

and central fat gain6,11,12,15,17,21,23,24,29–32,34), our highly accurate regional measurements

of affected adipose tissue depots, and the comparison of HIV-infected men with a control

group. A recent study of anthropometric measurements in HIV-infected and control men

also found that waist, hip, arm, and thigh circumferences were lower in HIV-infected men

compared with HIV-negative controls, although their examiners reported more fat

accumulation in the abdomen.38

Our study evaluated the associations between peripheral fat and central fat without assuming

a link between loss of peripheral fat and gain of central fat. We found that peripheral

lipoatrophy was not associated with central lipohypertrophy, whether determined by self-

report, examination, or concordance. Furthermore, measurement by MRI found that the

clinical syndrome of peripheral lipoatrophy was not associated with increased VAT. Finally,

the factors associated with leg SAT were not the same as those associated with VAT. For

example, the use of stavudine or indinavir was associated with less leg SAT. In contrast,

neither of these ARVs appeared to be associated with more VAT. Nevirapine use was

associated with less VAT. Combining findings that are inversely correlated with each other

(peripheral lipoatrophy and central lipohypertrophy) could lead to misunderstandings of

their prevalence, causes, and consequences.

Our finding that leg fat was much lower in HIV-infected men compared with controls,

whereas upper trunk fat was relatively spared, may explain the proposed association of

peripheral lipoatrophy with central lipohypertrophy.11–13,15,17,18,20,21,23,24,29–32

Furthermore, the finding that even HIV-infected men without clinical peripheral lipoatrophy

had less SAT in most depots than controls, especially in the legs and lower trunk, suggests

that the clinical syndrome of lipoatrophy underestimates the extent of adipose tissue loss in

HIV-infected men. Indeed, the qualitative comparisons vs. controls were similar among

HIV-infected men both with and without the clinical syndrome, differing only in the extent

of decreased fat. In both HIV-infected groups, lower body adipose tissue depots were

affected more than upper body depots or VAT (Fig. 5).

We found evidence against any reciprocal increase in VAT in HIV-infected with peripheral

lipoatrophy; indeed VAT was slightly lower in HIV-infected with peripheral lipoatrophy

compared with HIV-infected without peripheral lipoatrophy. There were positive, not

negative, correlations between VAT and SAT in most peripheral depots (data not shown).

Page 7

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2011 September 2.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



These results argue against a single syndrome of peripheral fat loss and central fat gain. We

found relative sparing of VAT in HIV-infected men with lower quantity of leg SAT,

consistent with other smaller studies in HIV infection15,47 and with what is seen with fat

loss in cancer and anorexia nervosa.48,49 Although increased VAT is not statistically

associated with decreased adipose tissue in the periphery, individual patients may have high

VAT and low subcutaneous fat.

Therefore, we used actual adipose tissue volumes in the leg and VAT to assess the

associated factors. The findings that stavudine or indinavir use was associated with less leg

SAT, but apparently not with more VAT, also supports the contention that HIV-related

lipoatrophy is not linked to visceral obesity, thus contradicting the concept of an HIV-

specific reciprocal syndrome of fat redistribution. Conversely, older age, a factor unrelated

to HIV infection, was associated both with less leg SAT and with more VAT.

Given our findings that HIV-infected men report more fat loss and have lower adipose tissue

volumes in most subcutaneous sites than control men, it is not surprising that BMI was

lower in HIV-infected men than controls. We did not control for or match by BMI, as BMI

is influenced by the phenomenon being studied: quantity of fat. Thus matching for BMI

would constitute overcontrolling and could lead to erroneous comparisons. For example, if

HIV caused loss of fat in a single depot, with no change in other depots, then BMI matching

would lead to an apparent, but artifactual, increase in nonaffected depots. We controlled for

body size by normalizing to height squared, analogous to BMI. An alternative way to

account for body size while avoiding overcontrolling is to normalize for lean body mass;

this analysis produced similar results.

We chose a control group that was representative of whites and African Americans in the

United States 15 years earlier, whose BMI is similar to the larger, nationally representative

National Health and Nutrition Examination Survey (NHANES) III. BMI in FRAM

CARDIA participants is similar to values in the entire CARDIA cohort (data not shown). It

is difficult to find control subjects that are identical to HIV-infected men in all aspects

except HIV infection. Two recent reports from the Multicenter AIDS Cohort Study (MACS)

and the Woman’s Interagency HIV Study also found that HIV-infected participants had

lower BMI than their HIV-negative controls, who were selected from similar demographic

groups.37,38 Both groups reported that lipoatrophy, using anthropometrics, was the dominant

feature distinguishing HIV-infected men from controls. In the MACS report,

demographically matched HIV-negative subjects had average BMI that was higher than the

national average in NHANES III.38 The controls in FRAM have a BMI that is closer to that

of the subjects in NHANES. Thus the finding of lower BMI in HIV-infected subjects may

be common. Furthermore the similarity of conclusions from comparing HIV-infected men

with clinical lipoatrophy and HIV-infected men without lipoatrophy, as well as comparing

HIV-infected men with controls, provides strong support for the concept that peripheral

lipoatrophy is not linked to central lipohypertrophy. Finally, multivariate adjustment for

differences in race, illicit drug use, food adequacy, smoking, and other factors that differed

between groups found that such factors did not appear to account for the differences in body

composition between HIV-infected men and controls.

There are several limitations to our data. We report only on men here. This is a cross-

sectional study, so further changes in adipose tissue distribution may occur over time.

However, the study was done approximately 5 years after the introduction of highly active

ARV therapy, which is more than adequate time to see the syndromes studied by others. It is

not possible to determine what regional body composition would have been in the HIV-

infected group in the absence of HIV infection or the syndrome of lipoatrophy.
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In summary, we find evidence for a syndrome of subcutaneous lipoatrophy in HIV-infected

men, with lower body depots affected more than upper body depots. There is no association

of peripheral lipoatrophy with central lipohypertrophy or increased VAT; our use of

bidirectional scales and rigorous measurements produces findings that argue against the

existence of a single syndrome with reciprocal changes in fat. Compared with controls, the

similar pattern of decreased fat seen in HIV-infected men both with and without the clinical

syndrome of lipoatrophy suggests that the clinical syndrome of lipoatrophy represents only

the most severely affected group of the spectrum. Finally, ARV drugs that were associated

with lipoatrophy, as assessed by volume of subcutaneous adipose tissue in the leg, did not

appear to be associated with central lipohypertrophy, as assessed by volume of VAT. Thus,

these data suggest that future research studies of fat distribution in HIV-infected persons

should focus on subcutaneous lipoatrophy and that direct measurements of regional adipose

tissue (rather than surveys or subjective examination) should be used to determine cause and

associated metabolic findings.
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FIGURE 1.

Prevalence of self-report of change in body fat over the prior 5 years. HIV-infected men

(solid bars) and control subjects (open bars) were surveyed for self-reported changes in fat

in multiple anatomic areas and in waist size that occurred in the 5 years prior to study. A,

Decreased fat. B, Increased fat.
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FIGURE 2.

A, Prevalence of lipoatrophy by concordance. Subjects who reported loss of fat and had less

fat than normal on examination were designated as having clinical lipoatrophy. B,

Prevalence of lipohypertrophy by concordance. Subjects who reported gain of fat and had

more fat than normal on examination were designated as having clinical lipohypertrophy.

HIV-infected (solid bars); control subjects (open bars).

Page 14

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2011 September 2.

N
IH

-P
A

 A
u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t
N

IH
-P

A
 A

u
th

o
r M

a
n
u
s
c
rip

t



FIGURE 3.

Prevalence of lipoatrophy (A and B) and lipohypertrophy (C and D) by number of anatomic

sites affected in HIV-infected (closed bars) and control subjects (open bars). The percentage

of subjects with each number of anatomic sites affected is presented. A and D, Peripheral

sites (cheeks, face, arms, buttocks, leg). B and C, Central Sites (neck, chest, upper back,

waist, abdominal fat).
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FIGURE 4.

Adipose tissue volume by MRI. Comparison of control subjects, HIV-infected with clinical

peripheral lipoatrophy (LA+) and HIV-infected without clinical peripheral lipoatrophy (LA

−). Adipose tissue volume was divided by height squared, medians and confidence intervals

were calculated, and these were then multiplied by 1.752 to correspond to a typical height.

Values are median and confidence interval. Leg is the region from the toes to the slice in

which the leg separation is visible and no pubic bone occurs. Lower trunk is the region from

the slice above legs to the last slice where the liver area is greater than lung. Upper trunk is

the region from the first slice where the lung area is greater than liver to the slice below the

one where the arms are separated from torso. Arm is defined as the first slice where the arms

are separated from torso to the end of the hands.
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FIGURE 5.

Comparison of MRI findings in HIV subjects with and without clinical lipoatrophy vs.

control subjects: Results of multivariate models adjusting for non–HIV-related factors

affecting adipose tissue volume in various fat depots. Percentage effects in HIV-infected

groups vs. controls are estimated in multivariate models of logarithmically transformed

(adipose tissue by MRI), controlling for logarithm (lean mass) and the square of log (lean

mass) (continuous), age (continuous), ethnicity, total physical activity score (categorical by

quartile), smoking (current vs. past vs. never), current marijuana use (used 10+ days per

month vs. 1–9 days vs. not used), current use of cocaine (crack or other forms, 10+ days per

month vs. 1–9 days vs. not used), heroin use (any in past 30 days vs. past use only vs. never

used), speed use (any in past 30 days vs. past use only vs. never used), and reported

adequacy of food eaten (enough vs. less). Hatched bars: HIV-infected with lipoatrophy (LA

+); open bars: HIV-infected no lipoatrophy (LA−). P values are vs. controls.
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FIGURE 6.

Clinical peripheral lipoatrophy is not associated with central lipohypertrophy. The

prevalence of peripheral lipoatrophy is presented on the y-axis for those with (closed bars)

or without (open bars) central lipohypertrophy (left side) or central lipoatrophy (right side).
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TABLE 1

Demographics of Men Between the Ages of 33 and 45

HIV+* Control

n 425 152

Age (y)

 Mean ± SD 39.6 ± 3.5† 39.6 ± 3.5

 Range 33.0–45.0 33.0–45.0

Race

 White 57% 53%

 African American 31% 47%

 Hispanic 12% 0

 Asian 0.5% 0

 Other 1% 0

Height (cm)

 Mean ± SD 175.9 ± 7.1‡ 178.3 ± 7.4

 Median 175.9 178.2

 Range 144.8–194.4 155.5–197.7

Weight (kg)

 Mean ± SD 77.2 ± 13.5§ 87.7 ± 15.1

 Median 75.4 84.7

 Range 47.8–129.3 48.3–137.3

BMI (kg/m2)

 Mean ± SD 24.9 ± 3.9§ 27.6 ± 4.5

 Median 24.4 27.0

 Range 17.2–43.2 15.1–41.6

HIV Risk Factors

 MSM 70%

 IDU 15%

 Other 15%

Duration HIV (y)

 Mean ± SD 8.6 ± 4.1

 Range 1.6–21.1

HIV RNA (1000/mL)

 Median <0.4

 Range 0.4–751

CD4 (cells/μL)

 Mean ± SD 393 ± 238

 Median 356

 Range 3–1267

*
Men with recent opportunistic infections were excluded.

†
P = 0.9.
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‡
P = 0.001 vs. controls.

§
P < 0.001 vs. controls.

IDU indicates injecting drug user; MSM, men who have sex with men.
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