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Despite major advances in the treatment and survival of patients infected with human immunodeficiency virus (HIV), weight

loss and wasting remain common problems. In the HIV-infected population, weight loss is associated with lower CD4+ cell

counts and is an independent predictor of mortality. The etiology of weight loss and wasting is complex and multifactorial.

We discuss, on the basis of a large longitudinal cohort that examined nutritional status in HIV infection, data on weight

loss and wasting from the present clinical era. The definition, prevalence, and significance of HIV-associated weight loss and

wasting are summarized. The etiology of weight loss is discussed for 2 main categories: inadequate nutrient intake and altered

metabolism. Finally, studies of interventions to treat HIV-associated weight loss and wasting are discussed. This information

is intended to raise awareness among health care providers of HIV-infected patients that weight loss and wasting remain

important acquired immunodeficiency syndrome–defining conditions, despite the advent of HAART.

During the HAART era, HIV infection has become a chronic,

manageable disease. Nutrition-related complications remain a

challenging issue for HIV-infected patients and for those in-

volved in their care. Involuntary weight loss is associated with

disease progression and death, even where access to HAART is

not limited [1, 2]. HIV-associated weight loss and wasting were

among the most frequently occurring AIDS-defining conditions

(ADCs) during the pre-HAART era, but the expectation was

that viral control with therapy and prophylaxis for opportun-

istic infections would eliminate nutritional concerns in HIV-

infected individuals [3]. The role that nutritional compromise

plays, at present, in the morbidity and mortality of HIV-infected

patients is a matter of controversy.

The present article focuses on data published from the Nu-

trition for Healthy Living (NFHL) cohort, describing weight

loss and wasting in HIV disease during the HAART era. NFHL
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was a longitudinal study of 881 HIV-infected adults in the

greater Boston area from 1995 until 2005. The mean age of

NFHL participants was 40 years; 29% were female, and 44%

were of nonwhite race. The mean CD4+ cell count and viral

load were 377 cells/mm3 and 67,000 copies/mL, respectively;

50% of participants were receiving HAART, 38% were receiving

a protease inhibitor (PI), and 12% were receiving a nonnu-

cleoside reverse-transcriptase inhibitor regimen; and 53% were

current smokers.

DEFINITION OF HIV-ASSOCIATED WEIGHT
LOSS AND WASTING

In 1987, the Centers for Disease Control and Prevention (CDC)

included HIV-associated wasting as an ADC; it is defined as

an involuntary weight loss of 110% of baseline body weight

plus either diarrhea, fever, or weakness for �30 days in the

absence of a concurrent illness [4]. Because HIV-associated

wasting and weight loss can occur without diarrhea, fever, or

weakness—it may be argued that unintentional weight loss in

the absence of fever or diarrhea is more troubling—other def-

initions of wasting in HIV have been crafted. The CDC defi-

nition of HIV-associated wasting further assumed that baseline

weight, which may have been reported and not measured, rep-
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Table 1. Definitions of body mass index (BMI) categories used
in the assessment of the nutritional status of HIV-infected patients.

Category BMI

Malnutrition �18.5
Normal weight 18.5–24.9
Overweight 25–29.9
Obesity �30

NOTE. Body mass index was calculated as weight in kilograms divided
by the square of height in meters.

resented the patient’s usual or ideal weight. This premise is

challenged when considering that HIV-infected patients are

seen at varying stages of HIV infection and that “baseline”

values may be less meaningful. Additionally, the CDC definition

does not take into account the rate of weight loss, which may

provide valuable information for the assessment of the need

for intervention.

Because of these concerns, 3 definitions for wasting or weight

loss of concern were used in the NFHL study: (1) unintentional

loss of 110% body weight since study entry, (2) a body mass

index (BMI; calculated as weight in kilograms divided by the

square of height in meters) decreasing to !20, or (3) uninten-

tional loss of 15% body weight in 6 months (between 2 study

visits) that persisted for at least 1 year [1]. These definitions

attempted to include significant weight loss (110%), weight

loss that was progressive and advanced (BMI, !20), and a rapid

rate of weight loss (15% in 6 months). These definitions may

better capture medically important weight loss and provide

clinical reference points. Other investigators have attempted to

provide cutoff points for lean body mass (LBM) that correlate

to wasting parameters, but there are fewer data to support this

definition, so it was not used in the NFHL study. It is important

to clarify terms that have been used in the literature of HIV-

associated wasting and weight loss. “Cachexia” describes a pref-

erential loss of LBM, which implies metabolic derangement

rather than a nutrient deficiency [5]. “Wasting” is a less precise

term that suggests weight loss due to inadequate nutrient intake

[6, 7]. The term has also been used for severe weight loss, but

the exact point at which progressive weight loss becomes wast-

ing is problematic. Because of the increasing mean BMI in the

HIV-infected population, the NFHL study used a BMI of !20,

even though this BMI is on the low side of normal (table 1).

Whatever the initial BMI may be, unintentional weight loss

may be of concern if it is rapid or substantial, even if the BMI

remains within the normal range. The cutoff point for wasting

is arbitrary, so we focus on weight loss of concern in the present

study.

PREVALENCE OF HIV-ASSOCIATED WEIGHT
LOSS AND WASTING

At the beginning of the AIDS epidemic, severe malnutrition

and weight loss were common. Wasting was once described as

1 of the 3 most common ADCs [8]. Even during the HAART

era, many NFHL study participants met the criteria for serious

weight loss and wasting, despite receiving HAART: 13.9% of

633 participants in the NFHL study met the definition of wast-

ing at the time of study entry [1]. Of the 466 participants with

sufficient follow-up data to determine whether wasting had

occurred, 18% had a loss of body weight of 110% since the

baseline visit, 21% had a loss of body weight of 15% that was

sustained for 6 months, and 8% had a BMI of !20. The in-

cidence of participants who met at least 1 of the 3 criteria since

their enrollment in the NFHL study was 33.5%, and the total

prevalence in the cohort was 38%. Both weight loss and wasting

were found to occur in those treated successfully with HAART,

those for whom HAART failed, and those who were HAART

naive. This prevalence of weight loss and wasting has not

changed over time; it is as frequent at the present time as it

was in 1997 [9].

Using this more-inclusive definition of weight loss of concern

(or wasting) resulted in a higher prevalence than that in studies

that used the strict CDC definition, which indicates that HIV-

associated wasting might have previously been underestimated

and underappreciated [10]. The present NFHL data also suggest

that the use of HAART has not eliminated weight loss as an

issue of concern in HIV-infected individuals.

SIGNIFICANCE OF HIV-ASSOCIATED WEIGHT
LOSS AND WASTING

Although wasting generally refers to a loss of body mass, it has

been controversial with regard to HIV infection whether weight

loss is primarily a loss of LBM or fat. Similar to previous studies,

data from the NFHL study indicated that weight loss consisted

principally of fat loss in participants with adequate fat stores

when CD4+ cell counts were !600 cells/mm3 [11]. Weight loss

was found to start early, when CD4+ cell counts are still 1200

cells/mm3, a level not usually associated with opportunistic in-

fections. Lower CD4+ cell counts were associated with lower

weight. When NFHL patients were grouped into CD4+ cell

count strata, each 100-cell/mm3 decrease in CD4+ cell count

was associated with a 1.9-kg lower weight. The difference in

weight over CD4+ cell strata was two-thirds fat body mass and

one-third LBM. These results suggest that weight loss in HIV-

infected adults is not necessarily a loss of LBM but is a complex

interplay of lean body and fat mass, depending on the baseline

body weight and composition and the etiology of weight loss.

The use of HAART has led to significant reductions in the

morbidity and mortality of HIV infection. Whether HAART

could completely alleviate weight loss in effectively treated in-

dividuals was examined in the NFHL study. HAART was in-

dependently associated with improved survival rates but was
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Table 2. Etiology of weight loss in patients with HIV infection.

Category, symptom

Inadequate nutrient intake
Oral and upper gastrointestinal
Anorexia
Psychosocial-economic
Malabsorption

Altered metabolism
Uncontrolled HIV infection
Metabolic demands of HAART
Opportunistic infections or malignancies (AIDS-defining

conditions)
Hormonal deficiencies (testosterone or thyroid)
Cytokine dysregulation

neither a confounder nor an effect modifier in the association

between weight loss and death [2]. When all wasting definitions

were included, there was a significant increase in the risk of

death with each 1% increase in weight loss from baseline weight.

Weight loss since the preceding visit had the strongest associ-

ation with risk of death, compared with loss of fat mass, fat-

free mass, or body cell mass as measured using bioelectric im-

pedance analysis. For every 1% increase in weight loss since

the preceding visit, there was an 11% increase in the risk of

death. Tracking a �5% weight loss over a 6-month period or

a loss of only �3% from baseline weight was a significantly

predictor of mortality. When weight loss was �10% from base-

line weight, the relative risk of mortality was increased nearly

6-fold. BMI was inversely associated with risk of death; indi-

viduals with a baseline BMI of �25 had a much lower risk of

dying than did those with baseline BMI of !25. Weight loss

was a stronger predictor of death than loss of LBM.

In an analysis of 619 NFHL participants, health-related qual-

ity of life (QOL) questionnaires were administered. In men,

but not women, a higher LBM was significantly associated with

better physical functioning [12]. Lower LBM was found to be

strongly associated with decreased health-related QOL in men

but not in women. In men, every 10-kg increase in LBM was

associated with 3.7-point increase in physical functioning (on

a 100-point scale), a 4.8-point increase in general health per-

ceptions, and 0.9 fewer days spent in bed per month. There

was no association between LBM and fatigue. Although there

has been the presumption that, if weight loss is associated with

morbidity and mortality in HIV infection, then improvements

in weight would lead to improved QOL, there have been few

data that support this. The NFHL data presented here are there-

fore important in substantiating this relationship.

Distinguishing HIV-associated wasting from other metabolic

complications of HIV infection and its therapies has been chal-

lenging. The potential overlap of wasting and fat atrophy re-

mains an open concern and likely will continue to complicate

diagnosis of these conditions until better diagnostic criteria are

available.

ETIOLOGY

The etiology of HIV-associated wasting is multifactorial, and

causes may include socioeconomic status, access to care, cul-

tural practices, psychological factors, and medical complica-

tions of and therapies for HIV infection. For the purpose of

the present article, we will categorize these into 2 main cate-

gories: decreased nutrient intake and altered nutrient metab-

olism (table 2).

Abnormalities in Intake

Dietary intake. The diet of patients with HIV infection has

evolved with changes in their health status. Dietary studies in

HIV infection have provided conflicting results regarding the

relationship between disease state and nutritional intake. To

clarify some of those issues, 3-day food records of 516 partic-

ipants from the NFHL cohort were analyzed stratified by CD4+

cell-count categories (!200, 200–499, and 1500 cells/mm3)

[13]. BMI and weight were significantly lower in the low CD4+

cell count stratum than in the high CD4+ cell count stratum.

In the high CD4+ cell count stratum, BMI and weight did not

differ from those of the general population [14]. Men in the

lowest CD4+ cell count stratum required the highest caloric

intake (in kilocalories per kilogram of body weight) to maintain

a lower BMI. However, the energy intake per day (in kilocalories

per day) did not significantly differ from National Health and

Nutrition Examination Survey III data for the same age and

sex groups in any CD4+ cell count stratum. Women in the

NFHL cohort seemed to be particularly vulnerable to inade-

quate dietary intake, which may be explained by their lower

socioeconomic status and the large proportion who were for-

mer or current intravenous drug users. White men had a sig-

nificantly higher energy intake than did nonwhite men; white

and nonwhite women had comparable energy intakes. The

study determined that the intake of micronutrients was also

higher at decreased CD4+ cell counts. Many participants, par-

ticularly women, consumed amounts of micronutrients that

were less than the dietary reference intakes, despite adequate

median intake of micronutrients. More than 25% of woman

had inadequate dietary intake of vitamins A, C, E, and B6.

Relationship between gastrointestinal symptoms and acute

weight loss. According to data derived from phone contacts

in between formal study visits, 24% of NFHL participants de-

scribed at least 1 episode of acute weight loss (�5% of weight)

[15]. Episodes of acute weight loss were associated with oral

symptoms and difficulty swallowing but not with anorexia.

Among participants without diarrhea, the use of HAART pro-

tected against weight loss. Among those with diarrhea, HAART

was not associated with weight loss, which suggests that HAART
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itself may be associated with diarrhea. Even in the absence of

opportunistic infections, many patients with HIV infection may

have HIV- or therapy-related reasons to have gastrointestinal

symptoms, which may predispose them to weight loss.

Malabsorption and gastrointestinal dysfunction. The se-

vere opportunistic diarrheal illnesses that contributed to HIV-

associated wasting in the early days of the epidemic have rarely

been seen since the beginning of the HAART era. However,

gastrointestinal dysfunction may still play a role in weight loss

during HIV infection. A striking 88% of the NFHL cohort had

at least 1 abnormality in gastrointestinal function [16]; 47.7%

of participants had abnormal d-xylose absorption, which may

serve as a surrogate marker of intestinal absorption, and 38.9%

reported at least 1 episode of diarrhea within the preceding

month. Significantly more men then women had diarrhea. Fat

malabsorption was observed in 12.8% of subjects. However,

there was no association of diarrhea with any measure of ab-

sorption, which suggests that the diarrhea is not primarily

caused by malabsorption. These analyses suggest the continued

frequency of gastrointestinal dysfunction.

Correlates of reduced intake. Groups at risk for adverse

clinical outcomes are likely to have reduced dietary intakes. In

a cross-sectional analysis of 633 NFHL participants, it was

found that, as illness progressed, men “engaged in compen-

satory eating behaviors,” whereas women did not [17]. When

rates were adjusted for dieting, 38.4% of women reported in-

adequate caloric intake. The absence of a caregiver and the use

of injection drugs correlated with a lower protein intake in

men. This analysis further showed that the inability to meet

recommended dietary allowances was largely the result of so-

cioeconomic rather than clinical factors. Approximately 11.3%

of participants had inadequate protein intake. A striking 36.1%

of participants were classified as “food insecure” (defined as

being unsure where meals in the subsequent 3 days will be

obtained). Nearly 8% of the cohort classified themselves as

hungry—that is, having insufficient access to intake to satisfy

hunger. Analysis therefore concluded that, in HIV disease, “di-

etary intake reflects the confluence of attitudinal, economic,

and lifestyle factors” [p. 860, 17].

Altered Metabolism

Relationship between HIV load and body weight. The precise

relationship between the level of or changes in viral load and

nutritional status in HIV infection has been unclear. In 38

NFHL participants who were receiving their first PI therapy,

those who achieved a decrease in viral load had a significantly

greater weight gain per month than did those whose viral load

did not decrease [18]. The association between changes in viral

load and HIV-associated weight loss was examined in 318

NFHL participants with 1886 study visits [19]. It was found

that, for participants who were not receiving HAART, each log10

increase in HIV RNA load resulted in a 0.92-kg decrease in

body weight. Change in weight was independent of the viral

load. The relationship between viral load and weight did not

hold in participants receiving a stable HAART regimen; a 0.35-

kg decrease in body weight was seen with every 100-cell/mm3

decrease in CD4+ cell count. For those individuals who stopped

or started receiving HAART, changes in viral load were inversely

associated with changes in weight. Changes in both viral load

and severity of disease (as measured by CD4+ cell counts) con-

tribute to changes in weight.

Increased resting energy expenditure. In a study to deter-

mine the effect of viral load and HAART use on resting energy

expenditure, 372 NFHL participants were found to have a 90-

kJ/day increase in resting energy expenditure per 1-log10 copy/

mL increase in HIV RNA load and a 339-kJ/day higher resting

energy expenditure if they were receiving HAART, compared

with those who were not receiving HAART [20, 21]. These

results suggest that HIV load and HAART have independent

effects on resting energy expenditure and that HAART itself

may increase resting energy expenditure. This finding was later

confirmed in patients who developed lipodystrophy [22].

Higher metabolic rates may partially account for the continued

weight loss and wasting observed in HIV infection during the

HAART era and may be associated with the metabolic and

body-shape abnormalities seen during the present era [23].

Role of ADCs. It was long assumed that weight loss in HIV-

infected patients was directly associated with episodes of op-

portunistic infections or malignancies [24]. A longitudinal anal-

ysis of 669 NFHL participants suggested that the increased

energy requirements of ADCs contribute in a small way to

weight loss [25]. Having had a diagnosis of 1 historical ADC

in the past did not predict wasting-related outcomes, but having

had 11 historical ADC predicted a 30% increase in developing

a BMI of !20. The risk of a 10% weight loss increased 20%

with each additional historical ADC. If an ADC occurred in

the 6 months preceding a study visit, the risk of weight loss

increased to 2.5–8.0 fold. No difference was detected in indi-

viduals who met the definition of wasting among those whose

conditions progressed to AIDS on the basis of the ADC defi-

nition, compared with those whose conditions progressed on

the basis of the definition of a CD4+ cell count of 1200 cells/

mm3. During the HAART era, ADCs were increasingly rare

among NFHL participants and were associated with a relatively

small risk of developing weight loss or wasting; thus, we are

not able to explain the majority of the weight loss seen at

present in HIV-infected individuals.

Inflammatory cytokines and wasting. Disturbances in the

production of inflammatory cytokines have been postulated to

influence HIV-associated weight loss. A study of 172 men in

the NFHL cohort assessed how catabolic cytokines and testos-

terone affect LBM [21, 26]. This analysis found that TNF-a
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and IL-1b from stimulated PBMCs independently predicted

loss of LBM and changes in resting energy expenditure but that

the level of free testosterone did not. In the present study,

catabolic cytokines—not decreased dietary intake or hypogo-

nadism—resulted in a loss of LBM. In a smaller group of 24

NFHL participants, cytokines produced by stimulated PBMCs

were more associated with nutritional and metabolic abnor-

malities than were plasma cytokines [26]. IL-1b, IL-6, and TNF-

a levels in PBMCs were best able to discriminate between par-

ticipants with and without HIV-associated wasting according

to the CDC definition. IL-6 and TNF-a from plasma were

increased in participants with wasting, but these could not

reliably distinguish between participants with and without

wasting.

INTERVENTIONS TO TREAT WEIGHT LOSS
AND WASTING

In the early days of the HIV epidemic, multiple studies ad-

dressed interventions in weight loss. There have been few stud-

ies done in the present era (table 3) [27–32]. We briefly sum-

marize intervention studies conducted by NFHL investigators.

In a randomized clinical trial of 40 participants who entered

the study with a BMI of 21, the effects of megestrol acetate on

body weight and composition were compared with those of

oxandrolone [33]. A mean weight gain of 2.8 kg over the course

of 2 months was found in the group that received megestrol

acetate, compared with a 2.5-kg mean weight gain in the group

that received oxandrolone. LBM increased 39% with megestrol

acetate and 56% with oxandrolone. Both were effective in in-

creasing weight in participants with HIV-associated weight loss

and resulted in a significant increase in LBM. An improvement

in BMI was associated with a higher QOL. Fifty NFHL partic-

ipants with HIV-associated wasting were studied in a trial that

compared oxandrolone and strength training with nutritional

intervention alone [34]. It was found that both treatment arms

resulted in an improvement in body composition but that re-

sults did not significantly differ from those in participants

treated with nutrition alone. Strength training was associated

with the highest improvement in QOL and had the lowest

intervention cost. Thus, it is possible for an HIV-infected pa-

tient’s weight and BMI to return to a normal range and, thus,

to improve the QOL. These interventions should be individ-

ualized and focused on the likely etiologies of weight loss in

that patient.

CONCLUSIONS

NFHL data have suggested that HIV-associated weight loss is

common in persons with HIV infection, regardless of whether

HAART is used, and that it appears to have a multifactorial

etiology. Weight loss was found to start early in disease, before

any significant compromise in immune status. Increased caloric

demands and intake of people with HIV infection may be at-

tributed to their HIV disease and its complications, but they

may also be associated with HAART. Inadequate dietary intake

may be associated with socioeconomic or medical factors. Gas-

trointestinal dysfunction remains common in persons with HIV

infection. The occurrence of ADCs increases the risk of wasting;

however, it appears that ADCs are not the major cause of

wasting in people with HIV infection. A higher LBM in men

with HIV infection is associated with a higher QOL. It is likely

that nutritional issues will remain clinically important in HIV

infection, especially as the impact of HIV is being assessed

globally. Lessons learned from NFHL and other studies of

weight loss and wasting in HIV should be applied in the in-

ternational setting for the development of appropriate targeted

nutritional interventions as HAART is being implemented

worldwide. There are multiple effective treatments of HIV-as-

sociated weight loss and wasting, and interventions should be

individualized for each patient.

Acknowledgments

We thank the NFHL participants and staff members for their contri-
butions and loyalty during the past 10 years.

Financial support. National Institutes of Health (T32-A107438, 5P01-
DK045734, M01-RR00054, K24-AI055293, P30-AI42853, P30-DA13868,
and 43TW00237).

Potential conflicts of interest. C.A.W. has received grant funding from
Serono and has been a consultant for Par Pharmaceutical and Solvay Phar-
maceuticals. All other authors: no conflicts.

References

1. Wanke CA, Silva M, Knox TA, Forrester J, Speigelman D, Gorbach SL.
Weight loss and wasting remain common complications in individuals
infected with human immunodeficiency virus in the era of highly active
antiretroviral therapy. Clin Infect Dis 2000; 31:803–4.

2. Tang AM, Forrester J, Spiegelman D, Knox TA, Tchetgen E, Gorbach
SL. Weight loss and survival in HIV-positive patients in the era of
highly active antiretroviral therapy. J Acquir Immune Defic Syndr
2002; 31:230–6.

3. Jones JL, Hanson DL, Dworkin MS, et al. Surveillance for AIDS-de-
fining opportunistic illnesses, 1992–1997. MMWR CDC Surveill Summ
1999; 48:1–22.

4. Revision of the CDC surveillance case definition for acquired im-
munodeficiency syndrome: Council of State and Territorial Epidemi-
ologists; AIDS Program, Center for Infectious Diseases. MMWR Morb
Mortal Wkly Rep 1987; 36(Suppl 1):1S–15S.

5. Nelson KA, Walsh D, Sheehan FA. The cancer anorexia-cachexia syn-
drome. J Clin Oncol 1994; 12:213–25.

6. Kotler D. Challenges to diagnosis of HIV-associated wasting. J Acquir
Immune Defic Syndr 2004; 37:S280–3.

7. Wanke C. Pathogenesis and consequences of HIV-associated wasting.
J Acquir Immune Defic Syndr 2004; 37(Suppl 4):S277–9.

8. Jones JL, Hanson DL, Dworkin MS, et al. Surveillance for AIDS-de-
fining opportunistic illnesses, 1992–1997. MMWR CDC Surveill Summ
1999; 48:1–22.

9. Tang AM, Jacobson DL, Spiegelman D, Knox TA, Wanke CA. Increasing
risk of 5% or greater unintentional weight loss in a cohort of HIV-
infected patients, 1995 to 2003. J Acquir Immune Defic Syndr 2005;
40:70–6.

10. Smit E, Skolasky RL, Dobs AS, et al. Changes in the incidence and



HIV-Associated Weight Loss and Wasting • 27

predictors of wasting syndrome related to human immunodeficiency
virus infection, 1987–1999. Am J Epidemiol 2002; 156:211–8.

11. Forrester JE, Spiegelman D, Woods M, Knox TA, Fauntleroy JM, Gor-
bach SL. Weight and body composition in a cohort of HIV-positive
men and women. Public Health Nutr 2001; 4:743–7.

12. Wilson IB, Roubenoff R, Knox TA, Spiegelman D, Gorbach SL. Relation
of lean body mass to health-related quality of life in persons with HIV.
J Acquir Immune Defic Syndr 2000; 24:137–46.

13. Woods MN, Spiegelman D, Knox TA, et al. Nutrient intake and body
weight in a large HIV cohort that includes women and minorities. J
Am Diet Assoc 2002; 102:203–11.

14. US Department of Health and Human Services, National Center for
Health Statistics. Third National Health and Nutrition Examination
Survey, 1988-1994: NHANES III laboratory data file. Hyattsville, MD:
Centers for Disease Control and Prevention, 1996.

15. Jacobson DL, Bica I, Knox TA, et al. Difficulty swallowing and lack of
receipt of highly active antiretroviral therapy predict acute weight loss
in human immunodeficiency virus disease. Clin Infect Dis 2003; 37:
1349–56.

16. Knox TA, Spiegelman D, Skinner SC, Gorbach S. Diarrhea and ab-
normalities of gastrointestinal function in a cohort of men and women
with HIV infection. Am J Gastroenterol 2000; 95:3482–9.

17. Kim JH, Spiegelman D, Rimm E, Gorbach SL. The correlates of dietary
intake among HIV-positive adults. Am J Clin Nutr 2001; 74:852–61.

18. 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.

19. Mwamburi DM, Wilson IB, Jacobson DL, et al. Understanding the
role of HIV load in determining weight change in the era of highly
active antiretroviral therapy. Clin Infect Dis 2005; 40:167–73.

20. Shevitz AH, Knox TA, Spiegelman D, Roubenoff R, Gorbach SL, Skol-
nik PR. Elevated resting energy expenditure among HIV-seropositive
persons receiving highly active antiretroviral therapy. AIDS 1999; 13:
1351–7.

21. Roubenoff R, Grinspoon S, Skolnik PR, et al. Role of cytokines and
testosterone in regulating lean body mass and resting energy expen-
diture in HIV-infected men. Am J Physiol Endocrinol Metab 2002;
283:E138–45.

22. Kosmiski L, Kuritzkes D, Hamilton J, et al. Fat distribution is altered

in HIV-infected men without clinical evidence of the HIV lipodystro-
phy syndrome. HIV Med 2003; 4:235–40.

23. Dong KR, Hendricks KM. The role of nutrition in fat deposition and
fat atrophy in patients with HIV. Nutr Clin Care 2005; 8:31–6.

24. Macallan DC. Wasting in HIV infection and AIDS. J Nutr 1999; 129(1
Suppl):238S–42S.

25. Wanke CA, Silva M, Ganda A, et al. Role of acquired immune deficiency
syndrome–defining conditions in human immunodeficiency vi-
rus–associated wasting. Clin Infect Dis 2003; 37(Suppl 2):S81–4.

26. Abad LW, Schmitz HR, Parker R, Roubenoff R. Cytokine responses
differ by compartment and wasting status in patients with HIV infec-
tion and healthy controls. Cytokine 2002; 18:286–93.

27. Berneis K, Battegay M, Bassetti S, et al. Nutritional supplements com-
bined with dietary counselling diminish whole body protein catabolism
in HIV-infected patients. Eur J Clin Invest 2000; 30:87–94.

28. Bhasin S, Storer TW, Javanbakht M, et al. Testosterone replacement
and resistance exercise in HIV-infected men with weight loss and low
testosterone levels. JAMA 2000; 283:763–70.

29. Grinspoon S, Corcoran C, Parlman K, et al. Effects of testosterone and
progressive resistance training in eugonadal men with AIDS wasting:
a randomized, controlled trial. Ann Intern Med 2000; 133:348–55.

30. Choi HH, Gray PB, Storer TW, et al. Effects of testosterone replacement
in human immunodeficiency virus-infected women with weight loss.
J Clin Endocrinol Metab 2005; 90:1531–41.

31. Storer TW, Woodhouse LJ, Sattler F, et al. A randomized, placebo-
controlled trial of nandrolone decanoate in human immunodeficiency
virus-infected men with mild to moderate weight loss with recombi-
nant human growth hormone as active reference treatment. J Clin
Endocrinol Metab 2005; 90:4474–82.

32. Moyle GJ, Schoelles K, Fahrbach K, et al. Efficacy of selected treatments
of HIV wasting: a systematic review and meta-analysis. J Acquir Im-
mune Defic Syndr 2004; 37:S262–76.

33. Mwamburi DM, Gerrior J, Wilson IB, et al. Comparing megestrol
acetate therapy with oxandrolone therapy for HIV-related weight loss:
similar results in 2 months. Clin Infect Dis 2004; 38:895–902.

34. Shevitz AH, Wilson IB, McDermott AY, et al. A comparison of the
clinical and cost-effectiveness of 3 intervention strategies for AIDS
wasting. J Acquir Immune Defic Syndr 2005; 38:399–406.


