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Abstract

HIV has classically been a wasting disease. However, in the United States, obesity is increasingly common among HIV-infected
individuals receiving effective antiviral treatment. The risks of obesity are unclear in HIV, although the increased prevalence of diabetes and
cardiovascular disease in the presence or absence of obesity causes growing concern. This study aimed to assess the effects of weight loss
(through energy restriction combined with aerobic and resistance exercise) on body composition, body fat distribution, resting energy
expenditure, quality of life (QOL), strength and fitness, and metabolic risk factors in obese, HIV-infected women. Eighteen HIV-infected
women with a body mass index of 30 or more completed a 12-week weight loss program. Before and after the intervention, body composition
and fat distribution by dual energy x-ray absorptiometry and whole-body magnetic resonance imaging, resting energy expenditure by indirect
calorimetry, QOL, strength, and fitness were measured. Insulin sensitivity by intravenous glucose tolerance test and circulating
cardiovascular risk factors (including lipids, tissue plasminogen activator, and plasminogen activator inhibitor 1) were measured in a subset
(n = 9). Daily food intake and total body weight decreased (mean + SD) by 3195 &+ 477 kJ and 6.7 + 4.2 kg, respectively. Weight lost was
95.5% fat by dual energy x-ray absorptiometry or 6.2 L of subcutaneous adipose tissue, 0.7 L visceral adipose tissue, and 0.8 L skeletal
muscle by magnetic resonance imaging. Resting energy expenditure fell approximately 419 kJ, strength and fitness increased by 28.9% =+
18.5% and 36.8% =+ 41.6%, respectively, and QOL improved in 11 of 13 dimensions. There was significant insulin resistance in the subset
with metabolic measurements at baseline, and at follow-up there was no improvement in fasting glucose, insulin, or insulin sensitivity, nor
was there any change in fasting lipids, tissue plasminogen activator, or plasminogen activator inhibitor 1. There was no significant change in
CD4 count or HIV viral load. In conclusion, moderate weight loss achieved by a short-term program of diet and exercise in obese
HIV-positive women appears safe and induces loss of adiposity in both the subcutaneous adipose tissue and visceral adipose tissue regions.
Despite reduced food intake, weight and fat loss, as well as improvements in strength, fitness, and QOL, the lack of improvement
in metabolic parameters suggests that additional interventions may be necessary to reduce the risk of diabetes and cardiovascular disease in
this population.
© 2006 Elsevier Inc. All rights reserved.

1. Introduction associated with diminished quality of life (QOL) [2,3] and
excess mortality [4,5]. Since the advent of highly active
antiretroviral therapy in 1996, the incidence of malnutrition
has decreased substantially and US deaths due to HIV have
fallen from a peak of approximately 45000 in 1995 to 15000
annually since 1997. However, new abnormalities in nutri-

tional status have arisen. Instead of returning to normal nutri-

Before the availability of effective antiretroviral agents,
unintentional weight loss and depletion of fat-free mass
(FFM) were common in HIV infection [1] and were

* Corresponding author. Division of Gastroenterology - S&R 12, St.

Luke’s-Roosevelt Hospital Center, 1111 Amsterdam Avenue, New York,
NY 10025, USA. Tel.: +1 212 523 3670; fax: +1 212 523 3678.
E-mail address: eengelson@chpnet.org (E.S. Engelson).

0026-0495/$ — see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.metabol.2006.05.018

tional status, many HIV-infected individuals have developed
a condition commonly referred to as “HIV-associated lipo-
dystrophy” [6-8]. Morphological and pathologic aspects
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of HIV lipodystrophy include subcutaneous adipose tissue
(SAT) depletion (lipoatrophy), visceral adipose tissue (VAT)
accumulation, insulin resistance, and dyslipidemia. All
except VAT accumulation have been definitively linked with
individual antiviral agents, and combinations of medications
worsen the effects [8].

An additional surprising finding is a mounting occur-
rence of obesity [9], often coupled with components of
lipodystrophy. Obesity itself, as well as several features of
lipodystrophy, have long been associated with adverse
outcomes, notably premature or accelerated atherogenesis,
in men [10] as well as women [11]. Many of the health risks
of obesity are related to fat distribution (VAT/SAT ratio)
rather than total fat content, as first observed almost 50 years
ago [12]. The results of several epidemiologic studies
indicate increased cardiovascular risk in the HIV-positive
population [13,14]. Interventions to reduce risk of cardio-
vascular disease or diabetes in overweight but otherwise
healthy individuals include weight loss through energy
restriction, increased physical activity, or a combination of
the two [15]. In people without HIV, weight loss has been
effective in promoting both an improved lipid profile and
increased insulin sensitivity [16].

The goals of weight loss in obese patients with insulin
resistance include maintaining skeletal muscle and other
lean tissues along with visceral fat reduction and improve-
ments in metabolic parameters. In non-HIV populations,
volitional weight loss through energy restriction results in
loss of both fat and FFM, the proportion of which varies
based upon the stringency of the diet and the baseline
amount of body fat [17]. Preferential loss of visceral fat does
not appear to differ based on the method of weight loss, but
rather on the total amount of weight loss and the quantity
and proportion of VAT before weight loss [18]. Studies in
individuals without HIV indicate that increased physical
exercise may mitigate losses of FFM [19,20]. In HIV-
infected individuals, a pilot study suggested that exercise
might be an effective method for treating fat redistribution
[21]. Insulin sensitivity and cardiovascular risk were not
measured in that study. A single case study in a man with
lipodystrophy indicated that an exercise program combined
with a moderate-fat, low glycemic index, high-fiber diet
might improve aspects of lipodystrophy, including visceral
fat, low-density lipoprotein cholesterol (LDL-C), and
insulin resistance [22].

We hypothesized that, in obese HIV-positive women,
significant weight loss could be achieved and that the
proportion of visceral to subcutaneous fat lost would be
related to the baseline quantity of visceral fat as well as the
quantity of total weight loss. To evaluate the effects of the
diet and exercise program on glucose metabolism, we
conducted frequently sampled intravenous glucose tolerance
tests (FSIVGTTs) in a subset of subjects. We hypothesized
that irrespective of antiviral therapy, the decrease in fat mass
and VAT/SAT would correlate with improvements in insulin
resistance and other measurements, including fasting lipids,

clotting factors, resting metabolic rate, objective measures
of physical function (muscle strength and cardiorespiratory
fitness), and subjective dimensions of QOL.

2. Subjects and methods
2.1. Study design

This 12-week prospective, longitudinal pilot study of an
“open-label” weight reduction intervention combined a
hypoenergetic (5024 kJ) diet and a program of aerobic
and resistance exercise training. Subjects were studied
between January 2001 and October 2002.

2.2. Subjects

Women enrolled in this study had to be older than
18 years, HIV-positive, and obese. Obesity was defined as a
body mass index (BMI; kg/m?) greater than 30 [23], and a
maximum BMI of approximately 38 kg/m? was established
as the upper limit for which the body composition
equipment could provide valid measurements. Race was
by self-definition. Participants had to be clinically stable and
on a stable antiretroviral drug regimen for at least 4 weeks
before enrollment, and without plans to change the regimen
during the study period.

Women with any active opportunistic infection or
malignancy were excluded. Diabetic subjects were included
only if their blood glucose was under control by medication
or diet. Women were excluded if they were pregnant or
breast-feeding, had uncontrolled hypertension, or any
condition that would prevent them from exercising or
magnetic resonance imaging (MRI) (including claustropho-
bia and metal implants). Additional exclusions were based
on self-reported medical history, including history of an
eating disorder, for example, anorexia nervosa or bulimia;
history of gallbladder disease; history of renal disease; or
active substance abuse or methadone treatment. Participants
in the metabolic substudy additionally had to be non-
diabetic and with adequate venous access for the FSIVGTT.
All subjects signed informed consent, and the protocol
and consent form were approved by the St Luke’s-
Roosevelt Hospital Institutional Review Board and Radia-
tion Safety Committee.

2.3. Diet and exercise

Subjects were counseled individually at baseline and
throughout the trial period as needed, and participated in
weekly group nutrition education classes. Dietary advice
was based on behavior modification and the American
Diabetes Association Exchange Lists [24] for a 5024-kJ
hypoenergetic diet, with 50% of energy from carbohydrate,
30% from fat, and 20% from protein. Lessons encouraged
avoidance of saturated fat and intake of low glycemic index
and high-fiber foods. Subjects were provided with multivi-
tamin and mineral supplements (Jarrow Formulas, Los
Angeles, CA) to ensure adequate consumption of micro-
nutrients while dietary intake was restricted.
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Participants exercised for 90 minutes under the supervi-
sion of a trainer 3 times per week in the Human
Performance Laboratory of the Body Composition Unit at
St Luke’s Hospital. They were asked to not change their
physical activity otherwise. Aerobic exercise consisted of a
S5-minute warm-up and 30 minutes of moderate intensity
level and graded treadmill walking at 70% to 80% of
estimated maximal heart rate. Heart rate was monitored
using a portable heart rate monitor (Polar Vantage, Port
Washington, NY). Progressive resistance exercise was
performed on a multigym apparatus (Tuff Stuff, Task
Enterprises, Pomona, CA) for 7 major muscle groups.
Participants performed 3 sets of 10 different exercises at § to
10 repetitions for each set as per guidelines provided by The
American College of Sports Medicine [25]. Participants
were dropped from the study if they missed more than
5 exercise sessions.

2.4. Measurements

All reported measurements were made before and after
the intervention, that is, at baseline and week 12. Assess-
ments included dietary evaluation, physical function testing
of one repetition maximum (1-RM) muscle strength and
cardiorespiratory endurance, resting metabolic rate, QOL,
body composition testing by MRI, dual-energy x-ray
absorptiometry, total body potassium 40 (*°K) counting,
total body water (TBW) and extracellular water (ECW), and
anthropometrics (height, weight, skinfolds, circumferences).
In a subset of nondiabetic participants with adequate venous
access, laboratory analyses at these time points included
insulin sensitivity assays, fasting blood lipid profiles, and
tissue plasminogen activator (tPA) and plasminogen activa-
tor inhibitor 1 concentrations.

2.4.1. Food intake

Three-day food diaries were completed and analyzed
before the study, and during the first, sixth, and twelfth
weeks of the intervention to assess dietary change and
adherence. All diaries were analyzed by the same nutrition-
ist using the Food Processor computer software database
program (version 8.0, ESHA Research, Salem, OR).

2.4.2. One repetition maximum strength test

Isotonic muscle strength was determined for 3 major
muscle groups (pectorals, latissimus dorsi, quadriceps)
using the 1-RM technique [26]. In our laboratory, repro-
ducibility of 1-RM strength in HIV-infected persons is
within 4% [27]. Changes in 1-RM results were used to
indicate changes in strength resulting from progressive
resistance exercise.

2.4.3. Cardiorespiratory endurance

Cardiorespiratory endurance was determined using an
estimation of maximal oxygen consumption (VO,max) from
a modified stress test using the Balke protocol [28]. Heart
rate, blood pressure, and a 12-lead electrocardiogram were

recorded and monitored during a period while the subject
was at rest and during the last minute of each exercise stage
and recovery period. Throughout the test, subjects rated
their perceived exertion based on the 20-point Borg [29]
scale, a measure of exercise intensity. Fitness was assessed
as length of time on the treadmill before reaching 85% of
estimated maximal heart rate and perceived effort during
that time.

2.4.4. Resting metabolic rate

Resting metabolic rate (RMR) was determined by
indirect calorimetry using a MMC Horizon metabolic cart
(Sensormedics, Yorba Linda, CA).

2.4.5. Quality of life

Subjective perceptions of well-being and functional
status (ie, QOL) were assessed at baseline and post-
intervention using 5 standardized QOL measures, each of
which has been previously validated in other groups. The
Medical Outcomes Survey 36-item Short-Form Health
Survey [30] was used to assess physical functioning and
mental health, including physical, social, and role limita-
tions as well as vitality (energy and fatigue). The depression
and anxiety subscales of the Brief Symptom Inventory [31]
were used to measure current psychological status. The
5-item Satisfaction with Life scale [32] measured overall
happiness. The 13-item Sense of Coherence scale [33] has
been widely used in HIV disease, including in minority
women at risk for HIV [34], and describes an individual’s
beliefs regarding the fairness, manageability, and meaning-
fulness of their circumstances. The Life Distress Inventory
is an 18-item questionnaire that measures self-reported
distress across areas of social life and functioning [35].

2.4.6. Body composition

Anthropometric measurements were taken by expert
technicians at the St Luke’s Hospital Body Composition
Unit using techniques recommended by Lohman [36].

Adipose tissue compartments (SAT, VAT, and intramus-
cular adipose tissue [IMATT]) and skeletal muscle (SM) were
measured on a 1.5-T MRI scanner (General Electric, 6X
Horizon, Milwaukee, WI). The method was slightly
modified from that described by Ross and Rissanen [37].
Cross-sectional images of the total body were made with
10-mm slice thickness and 40-mm gaps between slices.
Body size in excess of the scanner’s field of view on
individual slices required some (approximately 10%) to be
acquired in 2 sections—Ileft and right. In addition to whole-
body results, regional values for adipose tissue and skeletal
muscle were determined for the arms, legs, upper, and lower
trunk. The same trained observer within the St Luke’s
Hospital Obesity Research Center Image Reading Center
read all MRI scans. The coefficient of variation on repeated
readings of the same 2 scans by this observer is 3.8% for
total adipose tissue (TAT), 3.4% for SAT, 9.7% for VAT,
2.2% for SM, and an estimate 7.3% for IMAT. Images were
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analyzed using VECT image analysis software (Martel,
Montreal, CA) on a PC platform.

Body fat and FFM, including lean and bone mineral
content, were assessed using dual energy x-ray absorptiom-
etry (DXA; Lunar DPX, Lunar Radiation, Madison, WI)
[38]. In addition to total body results, regional values for fat,
lean and bone, were determined based on cut-points
provided by the manufacturer. In our laboratory, the
coefficient of variation (CV) for percentage of body fat is
3.3%. A negative serum pregnancy test was required within
2 weeks before each DXA scanning. Total body potassium
(TBK) was measured to assess body cell mass using a 4-pi
whole-body liquid scintillation counter of y-rays produced
from the natural decay of the *°K radioisotope [39]. Body
cell mass was calculated as milliequivalent of TBK X
0.0092 [40]. TBW and ECW were determined by tracer
dilution using deuterium oxide and sodium bromide,
respectively. Intracellular water (ICW), a direct measure of
body cell mass (BCM), was calculated as the difference
between TBW and ECW. Samples were analyzed by
infrared spectrophotometry to determine TBW [41] and
liquid chromatography to determine ECW [42].

2.4.7. Blood tests

Additional measurements were made in a subset of
participants for a preliminary investigation of the effects of
weight loss on metabolism. All blood samples were
centrifuged at 4°C, aliquoted, and frozen at —80°C until
assay. Glucose, insulin, total cholesterol, triglyceride, and
high-density lipoprotein cholesterol concentrations were
measured in serum collected while the subject was in the
fasted state. Subjects were instructed to take nothing by
mouth except water and required medications from midnight
before all scheduled blood tests. Glucose and insulin were
assayed in the Hormone and Metabolites core laboratory of
the Obesity Research Center at St Luke’s Hospital. Lipids
were analyzed in the core laboratory of the Columbia
University General Clinical Research Center. Total choles-
terol and triglyceride concentrations were determined using
standard enzymatic techniques (Roche Diagnostics, Basel,
Switzerland). High-density lipoprotein cholesterol concen-
tration was determined by direct measurement (Roche).
Low-density lipoprotein cholesterol was calculated using
the Friedewald formula [43]. Tissue plasminogen activator
and plasminogen activator inhibitor 1 (PAI-1) concentra-
tions were by enzyme-linked immunosorbent assays (Bio-
pool International, Ventura, CA) in the Obesity Research
Center core laboratory.

2.4.8. Frequently sampled intravenous glucose
tolerance test

Peripheral insulin sensitivity was estimated by the
FSIVGTT. The measurement was made in the fasting state
and within 10 days of the onset of the menstrual cycle in
women with regular cycles. The 3.5-hour test was con-
ducted using intravenous administration of glucose (0.3 g/kg

at time 0) and insulin (0.03 U/kg body weight) and frequent
blood sampling through an intravenous catheter [44]. We
used a minimum model of glucose disposal and insulin
secretion and the MINMOD computer program [45].

2.5. Safety

At baseline and monthly during the intervention, basic
physical examinations were performed, medical histories
were taken, and blood was drawn for a fasting basic
metabolic panel and complete blood count with differen-
tial analyzed in the clinical laboratory of St Luke’s
Hospital. CD4 lymphocyte counts and plasma HIV RNA
(viral load) values were requested from the primary
care physician of each study participant before and after
the study.

2.6. Statistical analysis

The pre- to posttreatment effects for dependent variables
were analyzed by Student ¢ test for paired comparisons.
Nominal data were analyzed by y* or Fisher exact test.
Hypotheses were tested by regression analysis. To test the
hypothesis that a higher amount of visceral fat in relation to
subcutaneous fat would be associated with greater insulin
resistance and would blunt the improvement in metabolic
parameters associated with this program of hypoenergetic
feeding and exercise, we performed regression analysis with
insulin resistance as the dependent variable and body fat
compartments as the main independent variables.

The hypothesis that the relative loss of VAT and SAT
during weight loss was related to the amount of baseline
VAT irrespective of fat distribution was tested by plotting
the relative changes in VAT and SAT as a function of
baseline values. The primary end point was the selectivity
index (SI) as described by Smith and Zachwieja [18]—%
change in VAT/% change in fat. A number (confidence)
significantly greater than 1 is considered to reflect prefer-
ential loss of VAT, whereas a number significantly less than
1 is considered to reflect preferential sparing of VAT. In
addition, the mean result from all subjects for baseline L4
through LS VAT/SAT was compared with SlIs from studies
reviewed by the same authors.

Analyses were performed using SAS statistical software
(versions 8.2 and 9.1; SAS Institute, Cary, NC). Data are
presented as mean + SD. Significance for all comparisons
was set at P < .05.

3. Results
3.1. Subjects

Of 45 women screened, 39 were eligible for the protocol
and underwent some or all of the baseline testing. Ten
women withdrew from the study during the baseline testing
period, primarily because of scheduling conflicts and
distaste for the testing involved, including previously
unidentified claustrophobia, plus investigator decisions
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Table 1

Baseline characteristics of participants who completed or did not complete
the 12-week study intervention, plus characteristics of the subset of
participants who had metabolic measurements at baseline and week 12

Completed  All P (completers vs
intervention  noncompleters noncompleters)

n 18 21
Age (y) 418 +£75 413 +72 .80%
Menstrual status, .06°
n (%)°
Premenopausal 7 (47) 13 (65)
Perimenopausal 4 (27) 3 (15)
Postmenopausal 4 (27) 4 (20)
Race, n (%) .04¢
White 3 (16.7) 2 (8.7)
Black 10 (55.6) 15 (73.9)
Hispanic 4(22.2) 4 (17.4)
Other 1(5.6) 0
Smoker, n (%)° .08°
Never 3 (19) 5(25)
Past 5 (1) 5(25)
Current 8 (50) 10 (50)
CD4 count 519 +£ 228 813 + 387 .08*
(cells/mm®)°
HIV viral load, 8 (53) 4 (40) Ns¢
n (%)
undetectable®
Current ¢
antiretrovirals,
n (%)°
NRTI 12 (92) 11 (100) .54
NNRTI 7 (54) 6 (55) 32
PI 7 (39) 7 (41) 27
BMI (kg/m?) 356 £33 33.7£28 .06*
Waist-hip ratio 0.87 £ 0.06 0.90 + 0.08 24*
Body fat 42.7 + 8.2 435 + 49 742

(% of body weight)

Data are expressed as mean + SD unless otherwise noted. NS indicates not
significant; NRTI, nucleoside reverse transcriptase inhibitor, NNRTI,
nonnucleoside reverse transcriptase inhibitor, PI, protease inhibitor.

? Computed by Student ¢ test for means.

® Data not available for all subjects.

¢ Computed by 1-tailed Fisher exact test.

4 Computed by ? test.

based on subjects’ lack of adherence to appointments.
Among the 28 women who began the diet and exercise

program there was a dropout rate of 36%, which is similar to
the 35% rate seen in a prior exercise study in our laboratory
with malnourished women [2]. Missed visits were the major
factor in dropouts during the intervention period. Only one
woman dropped out because of an unrelated adverse event,
an ear infection.

Characteristics of the women who participated in the
study intervention are shown in Table 1. There was no
difference between completers and noncompleters in age,
waist-hip ratio, or percentage of body fat. There was a trend
toward a higher BMI in the women who completed the
study. There was a significant difference in race between
completers and noncompleters by 1-tailed Fisher exact test,
with a smaller proportion of black women completing the
intervention than beginning it. There was no difference
between groups in current antiretroviral therapy, and the
proportion of women with undetectable HIV viral loads was
not statistically different, but there was a trend toward
higher CD4 counts in those who did not complete the trial.
There was no difference between groups in any measure of
strength or cardiovascular fitness at baseline (data not
shown, all P > .10). The subset of 9 nondiabetic women
with adequate venous access, who had FSIVGTTs and other
blood tests before and after the intervention, included a
higher proportion of Hispanic women and had higher CD4
counts, but did not differ otherwise.

3.2. Food intake and resting metabolic rate

Average food intake decreased from 8709 + 3228 at
baseline to 5514 + 2751 kJ/d after the 12-week interven-
tion. The composition of food intake changed from baseline
to be more consistent with dietary instruction. Carbohydrate
intake rose from 46% of total energy expenditure to 48%
and protein intake from 17% to 22%, whereas fat fell from
36% to 31% of total intake. Resting metabolic rate fell
significantly between baseline and week 12 (7025 £ 909 vs
6569 + 976 kJ, P = .006). There was no relationship
between the drop in metabolic rate and race nor any change
in energy intake, body weight, body composition, or
strength (data not shown, all P > .10).

Table 2
Anthropometric measurements before and after the 12-week diet and exercise intervention in obese HIV-infected women (n = 18)

Baseline® Follow-up® Change” P
Weight (kg) 92.1 £ 9.6 (73.3, 107.8) 85.4 + 10.4 (68.9, 105.6) —6.7 £ 42 (=73 + 4.6) <.0001
BMI (kg/m?) 35.6 + 3.3 (29.7, 40.8) 33.0 + 3.3 (27.0, 38.2) —2.6 £ 1.7 (=73 £ 4.6) <.0001
Waist circumference (cm) 103.0 £ 8.1 (92.2, 118.4) 97.0 + 8.2 (83.0, 109.5) —6.1 £ 5.8(—5.8 +5.6) .0003
Waist-hip ratio 0.87 £ 0.06 (0.78, 1.03) 0.86 + 0.07 (0.71, 1.01) —0.01 £ 0.05 (—1.2 £ 6.0) 35
Mid-arm circumference (cm) 36.7 £ 2.9 (30.5, 40.8) 354 + 3.3 (30.5, 40.7) —13+£12(-35%34 23
Chest circumference (cm) 115.3 + 5.7 (105.6, 125.7) 109.9 £ 5.6 (101.5, 121.2) —5.4 +£3.6(—4.7 £ 3.1) <.0001
Thigh circumference (cm) 62.6 = 5.5 (52.9, 73.1) 60.2 + 5.6 (51.5, 72.5) —24 +£23(-3.8 %34 21
Triceps skinfold (cm) 2.8 + 1.3 (0.6, 5.2) 24 £ 1.1(0.3, 3.8) —0.4 £ 0.7 (—11.5 £ 27.7) 32
Biceps skinfold (cm) 1.7 £ 0.8 (0.3, 3.0) 1.2 £ 0.6 (0.2, 2.5) —0.5 £ 0.3 (—26.3 + 26.1) .04
Abdominal skinfold (cm) 5.1 +£13(25,6.5) 4.0 £ 1.3 (2.0, 6.3) —1.1 £ 0.7 (=224 £ 13.9) .01
Thigh skinfold (cm) 4.6 £ 1.6 (1.6, 6.5) 3.6 £ 1.4 (14, 5.6) —1.1 £ 1.2 (—19.1 £ 27.1) .04

? Data expressed as mean £ SD (minimum, maximum).
® Data expressed as mean £ SD (% =+ SD).
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Table 3
Whole-body composition before and after the 12-week diet and exercise intervention in obese HIV-infected women (n = 18)

Prestudy Post-study Change % Change P
Skeletal muscle (L) 228 + 2.6 22.0 + 3.1 —0.83 + 1.0 —3.8 +42 .0035
VAT (L)* 38+ 1.1 3.1 £09 —0.69 £+ 0.51 —17.2 +£ 10.6 <.0001
SAT (L)* 425+ 99 363 +£99 —62 +39 —149 £ 95 <.0001
VAT/SAT 0.093 + 0.03 0.091 £ 0.03 —0.0027 £+ 0.0075 —2.62 + 8.09 15
Intramuscular adipose tissue (L)* 256 £ 1.0 254 £ 1.0 —0.02 + 0.35 0.60 + 15.6 79
Total adipose tissue® 48.9 + 10.6 42.0 + 10.5 —6.9 £ 45 —143 £ 92 <.0001
Lean (kg)° 493 + 5.6 489 + 5.0 —-033 + 1.5 —0.52 + 3.0 37
Fat (kg)° 39.4 +£10.3 329 £ 10.1 —6.4 £ 3.7 —16.7 £ 10.3 <.0001
Fat (%)° 439 + 84 39.5 + 8.6 —4.4 430 —102 £ 7.6 <.0001
Bone calcium (kg)” 093 + 0.13 0.92 + 0.13 0.008 + 0.03 —0.87 £ 2.8 23
Bone mineral (kg)° 245 + 034 243 + 035 0.02 + 0.07 —0.86 + 2.7 23
Bone density (g/cm?)° 1.17 + 0.10 1.17 + 0.11 0.01 + 0.02 0.51 £ 1.5 14
TBW 392 + 4.1 388 £ 3.9 —-03 £+ 1.5 —0.60 + 3.8 A5
Intracellular water 199 + 2.7 19.6 £ 1.9 —-03 £ 22 —0.70 £+ 10.0 55
TBK (mEq) 2992 + 321 2879 + 244 —113 + 189 34+ 6.0 .02
BCM (kg) 248 + 2.7 239 £ 2.0 —0.94 + 1.6 34+ 6.0 .02

Pre- and post-study comparisons by paired # test. VAT indicates visceral adipose tissue; SAT, subcutaneous adipose tissue; TBW, total body water; TBK, total

body potassium; BCM, body cell mass.
? Body composition measurement by MRIL.
® Body composition measurement by DXA.

3.3. Body composition changes

Body size changes are shown in Table 2. Mean body
weight and BMI at baseline were 92.1 kg and 35.6 kg/m?,
respectively. The average loss after 12 weeks was 6.7 kg, or
7.3% of initial body weight. This resulted in a mean change
of BMI of 2.6 kg/m”. Four women (22%) changed from a
BMI in the obesity range to an overweight BMI. There was
a significant reduction in waist circumference from 103.0 +
8.11t097.0 £ 8.2 cm, but no change in waist-hip ratio. Chest
circumference and biceps, abdominal, and thigh skinfolds
also decreased significantly.

Body composition (Table 3) at baseline averaged 49.3 +
5.6 kg lean, 39.4 + 10.3 kg (43.9% =+ 8.4%) fat, and 2.45 +
0.34 kg bone mineral by DXA. The composition of weight
loss averaged 6.4 kg (94%) fat and 0.4 kg (6%) FFM. By
MRI, baseline body composition included 3.8 + 1.1 L (range,
2.4-59 L) of VAT, 42.5 £ 99 L (range, 23.3-60.8 L) SAT,
and 22.8 + 2.6 L (range, 19.4-31.2 L) skeletal muscle. There
were highly significant losses of 0.7 L (17%) of VAT and 6 L
(15%) of SAT (both P < .0001), whereas skeletal muscle
dropped by 0.8 L (4%; P = .0035). There was no change in
the proportion of VAT to SAT (0.093 £ 0.028 at baseline vs
0.091 + 0.027 at week 12, P = .15). There was also no
significant change in IMAT, in any measure of bone mineral
content by DXA, nor in body water content; however, con-
sistent with the loss of skeletal muscle there was a statistically
significant reduction of 0.9 kg (3.4%) in BCM by TBK.

Regional body composition shows trends toward signif-
icant loss of skeletal muscle (MRI) only from the upper
trunk (P = .09) and loss of lean mass (DXA) only from the
arms ( P =.07). There were no regional differences in loss of
adipose tissue (MRI) or fat (DXA). No body region showed
any change of bone mineral content, and there was no
difference based on menopausal status.

There was significant correlation between weight loss
and loss of SAT, VAT, and TAT (all P < .001), but not
between weight change and change in SM (P = .18) or
IMAT (P = .11). Change in VAT correlated directly with
changes in SAT (» = 0.75, P = .0003) and IMAT (r = 0.53,
P = .02), and with VAT/SAT ratio at baseline (» = —0.59,
P = .01). Visceral adipose tissue loss was related to total fat
loss (r = 0.63, P = .0055) and was greater in women with
more VAT at baseline (» = 0.63, P = .004). The mean VAT
SI [18] was 1.26 = 0.75. Losses of both SAT and VAT
correlated with reduction in waist circumference (P < .001
and P = .03, respectively), but not with change in waist-hip
ratio (P = .6 and .5). In contrast, change in IMAT correlated
with change in waist-hip ratio (r = 0.5, P = .0495), but not
in waist circumference.

3.4. Exercise

Participants completed an average of 35 (22 minimum
and 38 maximum) exercise sessions of aerobic and resistance
training. Pectoral, latissimus dorsi, and quadriceps strength
increased an average of 5.7 + 3.6, 9.3 £ 5.7, and 9.0 +
6.0 kg, respectively (all P < .0001), which is around 30%
higher than at baseline. The amount of time on the treadmill
before reaching 85% of estimated maximum heart rate
increased from 8.8 + 3.3 to 10.9 £+ 2.4 minutes (36.8% =+
41.6%, P = .0015), whereas subjects’ perceived exertion
rating decreased from 14.9 + 2.1 to 13.7 £ 1.5 (—=7.2% +
14.8%, P = .03). Changes in strength and measures of
fitness did not correlate with weight change (all P > .30).

3.5. Quality of life

At baseline, there was no difference in any of the
13 dimensions of self-reported QOL between those who did
or did not complete the trial (data not shown, all P > .10).
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Table 4

Quality of life questionnaire results before and after the 12-week diet and exercise intervention in obese HIV-infected women (n = 13)

1333

Baseline Week 12

Limitations in physical activity due to health problems® 23.0 £ 43 26.8 £ 4.1 .004
Limitations in role activity due to health problems® 62+ 1.5 53.8 + 374 .0001
Bodily pain® 8.0 £23 94 +22 .027
General health? 16.0 £ 4.2 18.6 £ 5.0 .034
Vitality® 13.0 £ 4.1 17.8 £ 4.2 .0006
Limitations in social activities” 7.7+ 2.7 9.0 £ 1.5 .048
Limitations in role activity due to emotional problems® 48 £ 1.4 5.6 + 0.9 .043
General mental health® 229 £ 53 249 £ 6.0 13
Sense of coherence composite” 352 +£78 39.5 £ 5.7 .0024
Satisfaction with life 17.1 £ 7.1 225 £ 82 .020
Level of distress? 41.1 £ 215 319 £ 223 .0039
BSI anxiety subscale® 0.56 + 0.63 0.39 + 0.50 32
BSI depression subscale® 099 + 1.2 0.32 + 0.60 .018

Note that for most measures, the higher the score the greater the perceived QOL, but a higher score reflects greater distress, anxiety, and depression in the last 3
measures reported. Data are expressed as mean + SD. Results were compared by paired ¢ test. BSI indicates Brief Symptom Inventory.

* Range of possible scores: 0 to 100.
Range of possible scores: 13 to 52.
Range of possible scores: 5 to 35.
Range of possible scores: 18 to 126.
Range of possible scores: 0 to 4.

b

d
None of the baseline scores of the QOL measures correlated
with changes in energy intake or strength experienced
through the intervention phase. Women with greater self-
perceived limitation in ability to enact social roles (ie,
perform work or other daily activities) due to health
problems at baseline weighed more (r = .48, P = .052)
and lost less weight over the 12 weeks (r = —0.52, P =
.033). Several measures of baseline QOL functioning were
related to the level of change in subjects’ treadmill stress test
time. This is particularly notable for the subjects’ life
distress score (» = —0.54, P = .02), the level of distress they
feel across 18 topic areas, and their satisfaction with life
scores (r = 0.62, P = .006). There was statistical
improvement in 11 of 13 dimensions of self-reported QOL
by week 12 (Table 4). However, there was no change in
either the sum or individual aspects of general mental health
measured by the Medical Outcomes Survey 36-item Short-
Form Health Survey or of anxiety measured by the Brief
Symptom Inventory. There was no relationship between the
amount of change in any of the QOL dimensions and
changes in energy intake, body weight, fitness, or strength
(all P > .10).

3.6. Metabolism

The subset of women in whom metabolic measurements
were made did not differ at baseline from other participants
in body weight, BMI, VAT, SAT, SM, or fitness (data not
shown, all P > .20). Although the metabolic subset
exhibited greater strength (sum of 1-RM measures) at
baseline (P = .01), change in strength over 12 weeks was
not statistically different in the 2 groups, nor were changes
in body weight, body composition, or fitness (all P > .10).
In the metabolic subset as in the entire group, there was a
significant loss of 6% of total body weight, including total
fat, SAT, and VAT, but no change in IMAT or SM.

After weight loss, there were no changes in mean fasting
glucose (99.9 + 13.9 vs 958 + 9.2, P = .36), fasting
insulin (26.4 + 19.3 vs 26.5 £ 21.7, P = .97), or insulin
sensitivity index during FSIVGTT (P = .80). There was no
correlation between change in any marker of glucose
metabolism and any change in weight, percentage of body
fat, total or regional SM, SAT, VAT, or IMAT (all P > .10).
By the nonparametric Wilcoxon 2-sample test, there was no
relationship between change in insulin sensitivity and
current protease inhibitor or nonnucleoside reverse tran-
scriptase inhibitor therapy (both P = .61).

There was no significant change in mean fasting lipid,
tPA, or PAI-1 concentrations after the intervention (data not
shown). There was no correlation between changes in
weight and changes in lipids, tPA, or PAI-1, except LDL-C
change correlated negatively with changes in weight
(r = —0.67, P = .07) and SAT (r = —0.74, P = .037).
There was no correlation between change in triglycerides
and change in VAT.

3.7. Safety

There were few adverse events and no serious adverse
events during this study. There was no significant change in
CD4 count (573 + 255 vs 539 + 173, P = .61) or HIV viral
load in the 10 women for whom these measurements are
available before and after the study.

4. Discussion

This is the first report of a diet and exercise intervention
study designed to promote weight loss in obese HIV-
infected women. Obesity has become an unexpected health
problem in HIV-infected women. The positive effects of
highly active antiretroviral therapy, including increased life
expectancy, combined with physical inactivity and overcon-
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sumption of high-energy dietary supplements, support this
trend. Some women stop using illicit drugs when HIV is
diagnosed, which also promotes weight gain [46]. There
continues to be fear of “wasting,” and some patients take
active measures to increase body weight and avoid weight
loss as prophylaxis against wasting. We have shown that a
diet and exercise program can be implemented for, and
promote significant weight loss and body composition
changes in, HIV-positive women in an urban environment.
Weight, body composition, strength, and fitness all improved
as predicted based on previous studies in HIV-uninfected
individuals. Changes in BMI and body composition are also
similar to those seen in the case study of an HIV-infected
man reported by Roubenoff et al [22].

An important finding in a subset of participants in this
study was a lack of improved insulin sensitivity and other
surrogate markers of cardiovascular risk (lipids, tPA, PAI-1)
in HIV-infected women despite weight and body fat loss.
These results are inconsistent with the significant impact of
diet and exercise in non—-HIV-infected obese populations
who lose similar relative amounts of weight [47,48]. There
has been only one case report of an individual who
improved LDL-C and insulin sensitivity after weight loss
by exercise [22]. In that case, serum insulin fell from 7.9 to
4.4 plU/mL over 4 months, whereas mean insulin concen-
tration in the women reported here went from 26.4 to
26.5 pIU/mL over 3 months. The difference may be related
to the fact that our subjects began with more insulin
resistance, which may be related to their relative obesity,
with a mean BMI at baseline of 35.8 in the metabolic subset
vs his 29.9 kg/m?. A minor nonsignificant (186.3 + 42.2 vs
168.1 &+ 33.0 mg/dL, P = .12) decrease in mean cholesterol
was seen in this study, but there was inadequate power
(power = 0.39) to detect a significant difference of this size
with our small sample. Other potential reasons for the lack
of metabolic response in the HIV group include the effects
of antiviral agents. Both nucleoside reverse transcriptase
inhibitors and protease inhibitors have been shown to
promote insulin resistance, the former via mitochondrial
toxicity and the latter by a direct effect of the GLUT4
glucose transport molecule [49]. The implication of these
findings is that the effects of lifestyle changes, such as diet
and exercise, may be reduced in HIV compared with non-
HIV conditions. In this case, pharmacologic strategies for
insulin resistance might be more effective than diet and
exercise alone. The value of combination interventions was
highlighted by Driscoll et al [50] who reported that
metformin in combination with exercise training increased
insulin sensitivity more than metformin alone.

We hypothesized that the proportion of visceral to
subcutaneous fat lost would be related to the baseline
quantity of visceral fat as well as the quantity of total weight
loss, rather than to the baseline ratio of visceral and
subcutaneous fat. Our results are consistent with those from
non-HIV weight loss studies reviewed by Smith and
Zachwieja [18], with the quantity of VAT loss related to

total fat loss and greater loss in women with more VAT at
baseline. The mean VAT SI [18] in the current study was
1.26 + 0.75, indicating a preferential loss of VAT over SAT,
and the relationship between SI and baseline VAT/SAT was
similar to that seen in other studies.

Weight loss by dietary restriction alone results in a
notable reduction in RMR in non—HIV-infected individuals
[51]. However, when restricted food intake is combined
with exercise, many studies observe preservation of RMR
[52,53]. In contrast, the HIV-positive subjects in this study
experienced significant reductions in RMR despite exercise
and improvements in strength and fitness. Further studies
are needed to determine whether this reduction in RMR is
long-lasting or due to immediate energy restriction.

Most investigations of the effects of exercise in HIV-
infected patients have been with malnourished men and
women before and after 8 to 14 weeks of resistance training.
Reported results include increased muscle strength
[2,54-56] and cardiopulmonary performance [57]. The
results of the current study support the finding that HIV
does not prevent these positive effects of exercise. Other
findings in HIV malnutrition treated with exercise include
increased fat free and BCM [2,55] as well as QOL [2].
Many studies [19,52,58] in obese HIV-uninfected women
indicate a role of exercise in weight loss, with greater loss of
fat and less of FFM vs diet alone. Garrow and Summerbell
[20] performed a meta-analysis of 28 concurrent diet-
exercise studies (pooled n = 258 women) finding that, with
a diet-induced 10-kg reduction in body weight, the addition
of exercise decreased the absolute loss of FFM from 2.2 to
1.7 kg. Another meta-analysis [19] found that, in dieting
women, the addition of exercise significantly reduced
relative FFM loss from 24% to 11%. In this study, despite
the potential catabolic effects of chronic HIV infection, FFM
accounted for only 6% of total weight loss.

There are relatively few studies of the effects of exercise
upon regional body fat distribution. Studies in HIV-negative
women have had divergent results. Ross and Rissanen [37]
found that moderate energy restriction combined with either
resistance or aerobic exercise treatment produced significant
reductions in both VAT and SAT, as assessed by MRI, in
obese women. Two studies looked at exercise without
energy restriction. In the first, older women of normal
weight performing resistance exercise experienced no
change in body weight or total fat mass, but a significant
decrease in intra-abdominal fat, observed on computed
tomography scans [58]. In the other study, aerobic training
induced significant total fat loss (computed tomography
scan) in obese women, with the greatest fat reduction
observed as subcutaneous abdominal fat [59].

In the obese HIV-infected women in this study, baseline
VAT/SAT was relatively low and did not appear to reflect a
preponderance of excess visceral fat or loss of subcutaneous
fat. We found that, on average, only 10% of total adipose
tissue loss was from the visceral compartment. Based on the
low VAT/SAT ratio at baseline, this relatively small amount
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of VAT loss is consistent with the results of weight loss
studies in uninfected men and women [18]. The lack of a
greater fall in VAT, as well as the lack of change in another
adipose tissue compartment related to insulin sensitivity,
specifically IMAT, could help explain why insulin resistance
did not improve after diet and exercise.

Concentrations of tPA and PAI-1 are primarily used for
research purposes, are associated with obesity, insulin
resistance, and inflammation, and are considered indicative
of cardiovascular risk [60-62]. Both have previously been
found to be elevated in HIV-infected patients with fat
redistribution, and concentrations fell during treatment with
metformin [63]. Concentrations of tPA also fell during
antiretroviral therapy with indinavir or amprenavir in
previously untreated individuals, despite increased insulin
resistance with indinavir [64]. However, consistent with our
other metabolic findings, this study found no change in
these or other more traditional circulating indicators of
cardiovascular risk in response to our intervention.

Limitations of the current study include its small number
of subjects and short-term nature, which prevent us from
conclusively reporting our results. However, strengths of
this study include sophisticated measurements of body
composition and fat distribution changes, measurements of
strength and fitness, as well as direct measurements of
insulin sensitivity by FSIVGTT. Given the increasing
prevalence of obesity and abdominal fat distribution
in HIV-infected individuals, it is of tremendous import-
ance that larger, controlled studies be conducted to confirm
our findings.

In summary, desired body weight and fat loss were safely
promoted through dietary restriction and an exercise
program in a multiracial urban population of obese, HIV-
infected women. This program largely maintained skeletal
muscle and significantly improved strength and fitness. The
process also had a significant positive effect on participants’
self-reported QOL, especially a reduction in perceived
limitations in ability to work or perform daily activities
due to health problems, but also including improved vitality
and life satisfaction. In contrast, there was an unexpected
inability to improve metabolic parameters.

Acknowledgment

This study was supported by National Institutes of Health
grant PO1-DK42612, General Clinical Research Center
grant MO1RR00645, Obesity Research Center grant P30
DK26687, Bristol-Myers Squibb, and Jarrow Formulas.

The authors acknowledge Janet Sheikhan, RN, for
providing all of the nursing skills needed for this study;
Qing He, MS, MD, for reading all of the MRI scans; Ada
Mui, PhD, and Marianne R. Yoshioka, PhD, of Columbia
University School of Social Work for furnishing the QOL
questionnaires; the many young people who assisted with
exercise training and data input; and the study participants
who persevered.

References

[1] Kotler DP, Wang J, Pierson Jr RN. Studies of body composition in
patients with the acquired immunodeficiency syndrome. Am J Clin
Nutr 1985;42:1255-65.

[2] Agin D, Gallagher D, Wang J, et al. Effects of whey protein and
resistance exercise on body cell mass, muscle strength, and quality of
life in women with HIV. AIDS 2001;15:2431 -40.

[3] Wilson IB, Cleary PD. Clinical predictors of declines in physical
functioning in persons with AIDS: results of a longitudinal study.
J Acquir Immune Defic Syndr 1997;16:343-9.

[4] Kotler DP, Tierney AR, Wang J, Pierson Jr RN. Magnitude of body-
cell-mass depletion and the timing of death from wasting in AIDS.
Am J Clin Nutr 1989;50:444-7.

[5] Suttmann U, Ockenga O, Hoogestraat L, et al. Incidence and prognostic
value of malnutrition and wasting in human immunodeficiency virus—
infected outpatients. J Acquir Immune Defic Syndr 1995;8:239-46.

[6] Carr A, Samaras K, Burton S, et al. A syndrome of peripheral
lipodystrophy, hyperlipidemia and insulin resistance in patients
receiving HIV protease inhibitors. AIDS 1998;12:F51-8.

[7]1 Engelson ES, Kotler DP, Tan YX, et al. Fat distribution in HIV
infected patients reporting truncal enlargement quantified by whole-
body magnetic resonance imaging. Am J Clin Nutr 1999;69:1-8.

[8] Koutkia P, Grinspoon S. HIV-associated lipodystrophy: pathoge-
nesis, prognosis, treatment, and controversies. Ann Rev Med 2004;55:
303-17.

[9] Silva M, Skolnik PR, Gorbach SL, et al. The effect of protease
inhibitors on weight and body composition in HIV-infected patients.
AIDS 1998;12:1645-51.

[10] Larsson P, Svardsudd K, Welin L, et al. Abdominal adipose tissue

distribution, obesity, and risk of cardiovascular disease and death:

13 year follow up of participants in the study of men born in 1913.

Br Med J 1984;288:1401-4.

Lapidus L, Bengtsson C, Larsson B, et al. Distribution of adipose

tissue and risk of cardiovascular disease and death: a 21 year follow-

up of participants in the population study of women in Gothenburg,

Sweden. Br Med J 1984;289:1261-3.

[12] Vague J. The degree of masculine differentiation of obesities: a factor
determining predisposition to diabetes, atherosclerosis, gout, and uric
calculous disease. Am J Clin Nutr 1956;4:20-34.

[13] Bozkurt B. Cardiovascular toxicity with highly active antiretro-
viral therapy: review of clinical studies. Cardiovasc Toxicol 2004;4:
243-60.

[14] Stein J. Managing cardiovascular risk in patients with HIV infection.
J Acquir Immune Defic Syndr 2005;38:115-23.

[15] Franz MJ, Bantle JP, Beebe CA, et al. Evidence-based nutrition
principles and recommendations for the treatment and prevention of
diabetes and related complications. Diabetes Care 2002;25:148-98.

[16] Reaven GM. Importance of identifying the overweight patient who
will benefit the most by losing weight. Ann Intern Med 2003;138:
420-3.

[17] Forbes GB. Lean body mass—body fat interrelationships in humans.
Nutr Rev 1987;45:225-31.

[18] Smith SR, Zachwieja JJ. Visceral adipose tissue: a critical review
of intervention strategies. Int J Obes Relat Metab Disord 1999;23:
329-35.

[19] Ballor DL, Poehlman ET. Exercise-training enhances fat-free mass
preservation during diet-induced weight loss: a meta-analytical
finding. Int J Obes Relat Metab Disord 1994;18:35-40.

[20] Garrow JS, Summerbell CD. Meta-analysis: effect of exercise, with or
without dieting, on the body composition of overweight subjects.
Eur J Clin Nutr 1995;49:1-10.

[21] Roubenoff R, Weiss L, McDermott A, et al. A pilot study of exercise
training to reduce trunk fat in adults with HIV-associated fat
redistribution. AIDS 1999;13:1373-5.

[22] Roubenoff R, Schmitz H, Bairos L, et al. Reduction of abdominal
obesity in lipodystrophy associated with human immunodeficiency

[11

—



1336 E.S. Engelson et al. / Metabolism Clinical and Experimental 55 (2006) 1327-1336

virus infection by means of diet and exercise: case report and proof

of principle. Clin Infect Dis 2002;34:390-3.

Expert Panel on the Identification, Evaluation, and Treatment of

Overweight in Adults. Clinical guidelines on the identification,

evaluation, and treatment of overweight and obesity in adults:

executive summary. Am J Clin Nutr 1998;68:899-917.

Franz MJ, Barr P, Holler H, et al. Exchange lists: revised 1986

[published erratum appears in J Am Diet Assoc. 87(1987)1103]. ] Am

Diet Assoc 1987;87:28-34.

American College of Sports Medicine Position Stand. The recom-

mended quantity and quality of exercise for developing and

maintaining cardiorespiratory and muscular fitness, and flexibility in
healthy adults. Med Sci Sports Exerc 1998;30:975-91.

Delorme TL. Restoration of muscle power by heavy-resistance

exercises. J Bone Joint Surg 1945;27:645-67.

[27] Agin D, Pan S, Kotler DP. Reliability of one repetition maximum
strength: effects of age, gender, health, and training status. Med Sci
Sports Exerc 1998;30:S77 [Abstract].

[28] Balke B, Ware RW. An experimental study of fitness of Air Force
personnel. US Armed Forces Med J 1959;10:675-81.

[29] Borg GAV. Borg’s rating of perceived exertion and pain scales.
Champaign (I1I): Human Kinetics; 1998.

[30] McHorney CA, Ware Jr JE, Lu JF, Sherbourne CD. The MOS 36-item
Short-Form Health Survey (SF-36): III. Tests of data quality, scaling
assumptions, and reliability across diverse patient groups. Med Care
1994;32:40-66.

[31] Derogatis LR. Brief symptom inventory. Baltimore: Clinical Psycho-
metric Research; 1975.

[32] Diener E, Emmons R, Larsen J, Griffin S. The satisfaction with life
scale. J Pers Assess 1985;49:71-5.

[33] Antonovsky A. Unraveling the mystery of health: how people manage
stress and stay well. Ist ed. San Francisco: Jossey-Bass Publishers;
1987.

[34] Nyamathi AM. Sense of coherence in minority women at risk for HIV
infection. Public Health Nurs 1993;10:151-8.

[35] Thomas EJ, Yoshioka MR, Ager RD. Abstract of the life distress
inventory. In: Corcoran K, Fischer J, editors. Measures for clinical
practice: a sourcebook. 3rd ed. New York: Free Press; 1994. p. 129-32.

[36] Lohman TG. Anthropometry and body composition. In: Lohman TG,
Roche AF, Martorell R, editors. Anthropometric standardization
reference manual. Champign (IlI): Human Kinetics; 1988. p. 39-80.

[37] Ross R, Rissanen J. Mobilization of visceral and subcutaneous
adipose tissue in response to energy restriction and exercise. Am J
Clin Nutr 1994;60:695-703.

[38] Heymsfield SB, Wang J, Heshka S, et al. Dual-photon absorptiometry:
comparison of bone mineral and soft tissue mass measurements in
vivo with established methods. Am J Clin Nutr 1989;49:1283-9.

[39] Pierson Jr RN, Lin DHY, Phillips RA. Total body potassium in
health: effects of age, sex, height, and fat. Am J Physiol 1974;226:
206-12.

[40] Wang Z, St-Onge MP, Lecumberri B, et al. Body cell mass: model
development and validation at the cellular level of body composition.
Am J Physiol Endocrinol Metab 2004;286:E123 -8 [electronic pub-
lication 2003 Oct 07].

[41] Lukaski HC, Johnson PE. A simple, inexpensive method of
determining total body water using a tracer dose of D,O and infrared
absorption of biological fluids. Am J Clin Nutr 1985;41:363-70.

[42] Wong WW, Sheng HP, Morkeberg JC, et al. Measurement of
extracellular water volume by bromide ion chromatography. Am J
Clin Nutr 1989;50:1290-4.

[43] Friedewald WT, Levy RIJ, Fredrickson DS. Estimation of
the concentration of low-density lipoprotein cholesterol in plasma

[23

—

[24

[y

[25

[}

[26

=

without use of the preparative ultracentrifuge. Clin Chem 1972;
18:499-502.

[44] Albu JB, Murphy L, Frager DH, et al. Visceral fat and race-dependent
health risks in obese nondiabetic premenopausal women. Diabetes
1997;46:456-62.

[45] Bergman RN, Prager R, Volund A, Olefsky JM. Equivalence of the
insulin sensitivity index in man derived by the minimal model method
and the euglycemic glucose clamp. J Clin Invest 1987;79:790-800.

[46] Goggin K, Catley D, Brisco ST, Engelson ES, Rabkin JG, Kotler DP.
A female perspective on living with HIV disease. Health Soc Work
2001;26:80-9.

[47] Weinstock RS, Dai H, Wadden TA. Diet and exercise in the treatment
of obesity: effects of 3 interventions on insulin resistance. Arch Intern
Med 1998;158:2477-83.

[48] Ryan AS. Insulin resistance with aging: effects of diet and exercise.
Sports Med 2000;30:327-46.

[49] Grinspoon S, Carr A. Cardiovascular risk and body-fat abnormalities
in HIV-infected adults. N Engl J Med 2005;352:48 -62.

[50] Driscoll SD, Meininger GE, Lareau MT, et al. Effects of exercise
training and metformin on body composition and cardiovascular
indices in HIV-infected patients. AIDS 2004;18:465-73.

[51] Leibel RL, Hirsch J. Diminished energy requirements in reduced-
obese patients. Metabolism 1984;33:164-9.

[52] Bryner RW, Ullrich IH, Sauers J, et al. Effects of resistance vs. aerobic
training combined with an 800 calorie liquid diet on lean body mass
and resting metabolic rate. ] Am College Nutr 1999;18:115-21.

[53] Ryan AS, Pratley RE, Elahi D, Goldberg AP. Resistive training
increases fat-free mass and maintains RMR despite weight loss in
postmenopausal women. J Appl Physiol 1995;79:818-23.

[54] Rigsby LW, Dishman RK, Jackson AW, et al. Effects of exercise
training on men seropositive for the human immunodeficiency virus—
1. Med Sci Sports Exerc 1992;24:6-12.

[55] Roubenoff R, McDermott A, Weiss L, et al. Short-term progressive
resistance training increases strength and lean body mass in adults
infected with human immunodeficiency virus. AIDS 1999;13:231-9.

[56] Spence DW, Galantino MA, Mossberg KA, Zimmerman SO.
Progressive resistance exercise: effect on muscle function and
anthropometry of a select AIDS population. Arch Phys Med Rehabil
1990;71:644-8.

[57] MacArthur RD, Levine SD, Birk TJ. Supervised exercise training
improves cardiopulmonary fitness in HIV-infected persons. Med Sci
Sports Exerc 1993;25:684-8.

[58] Treuth MS, Hunter GR, Kekes-Szabo T, et al. Reduction in intra-
abdominal adipose tissue after strength training in older women.
J Appl Physiol 1995;78:1425-31.

[59] Despres JP, Pouliot MC, Moorjani S, et al. Loss of abdominal fat and
metabolic response to exercise training in obese women. Am J Physiol
1991;261:E159-67.

[60] Juhan-Vague I, Morange P, Christine Alessi M. Fibrinolytic function
and coronary risk. Curr Cardiol Rep 1999;1:119-24.

[61] Meigs JB, Mittleman MA, Nathan DM, et al. Hyperinsulinemia,
hyperglycemia, and impaired hemostasis: the Framingham Offspring
Study. JAMA 2000;283:221-8.

[62] Lijnen HR, Desire Collen D. Impaired fibrinolysis and the risk for
coronary heart disease. Circulation 1996;94:2052-4.

[63] Hadigan C, Meigs JB, Rabe J, et al. Increased PAI-1 and tPA antigen
levels are reduced with metformin therapy in HIV-infected patients
with fat redistribution and insulin resistance. J Clin Endocrinol Metab
2001;86:939-43.

[64] Young EM, Considine RV, Sattler FR, et al. Changes in thrombolytic
and inflammatory markers after initiation of indinavir- or amprenavir-
based antiretroviral therapy. Cardiovasc Toxicol 2004;4:179 - 86.



	Body composition and metabolic effects of a diet and exercise weight loss regimen on obese, HIV-infected women
	Introduction
	Subjects and methods
	Study design
	Subjects
	Diet and exercise
	Measurements
	Food intake
	One repetition maximum strength test
	Cardiorespiratory endurance
	Resting metabolic rate
	Quality of life
	Body composition
	Blood tests
	Frequently sampled intravenous glucose tolerance test

	Safety
	Statistical analysis

	Results
	Subjects
	Food intake and resting metabolic rate
	Body composition changes
	Exercise
	Quality of life
	Metabolism
	Safety

	Discussion
	Acknowledgment
	References


