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Abstract

Objective: There is a widely held view that the lower weight of drug abusers is
attributable to diet. However, many studies on the dietary intake of drug abusers have
failed to find energy insufficiency, while non-dietary factors have rarely been
examined. The purpose of this study was to examine non-dietary factors that could
affect the weight of drug abusers with and without HIV infection.
Design: Participants were recruited into one of three groups: HIV-positive drug
abusers (n ¼ 85), HIV-negative drug abusers (n ¼ 102) and HIV-positive persons
who do not use drugs (‘non-drug abusers’, n ¼ 98). Non-dietary factors influencing
weight included infection with HIV and/or hepatitis, malabsorption, resting energy
expenditure and physical activity.
Setting: The baseline data from a prospective cohort study of the role of drug abuse in
HIV/AIDS weight loss conducted in Boston, USA.
Subjects: The first 286 participants to enrol in the study.
Results: HIV-positive drug abusers had a body mass index (BMI) that was significantly
lower than that of HIV-positive non-drug abusers. The differences in weight were
principally differences in fat. In the men, cocaine abuse, either alone or mixed with
opiates, was associated with lower BMI, while strict opiate abuse was not. Infection
with HIV or hepatitis, intestinal malabsorption, resting energy expenditure and
physical activity, as measured in this study, did not explain the observed differences
in weight and BMI.
Conclusions: Drug abuse, and especially cocaine abuse, was associated with lower
weight in men. However, infection with HIV and/or hepatitis, malabsorption and
resting energy expenditure do not explain these findings.
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There is accumulating evidence that the differences in

weight between drug abusers and non-drug abusers

cannot be attributed to poor diet. We recently published

data from a study locally known as the BIENESTAR study,

showing that Hispanic men infected with HIV who were

drug abusers had a lower body mass index (BMI) than

HIV-positive men who were not drug abusers. Reported

energy intake could not explain the difference in BMI

among the men1. These findings, consistent with

previous studies conducted in other populations by our

own group2 and others3,4, support the notion that

diet alone cannot entirely explain the lower weight of

drug abusers. In this follow-up report from the BIENE-

STAR study, we present data on non-dietary factors that

might explain the lower weight of drug abusers. Factors

examined include infection with HIV and/or hepatitis,

malabsorption, resting energy expenditure (REE) and

physical activity.

Methods

Participants and recruitment

A full description of the study participants and recruitment

methods has been published elsewhere1. Briefly, partici-

pants were recruited into one of three groups: HIV-

positive drug abusers, HIV-negative drug abusers and

HIV-positive persons who do not use drugs (‘non-drug

abusers’). All participants were of self-identified Hispanic

ethnicity. Study interviews were conducted in Spanish by

bilingual, Hispanic personnel. Recruitment was done

through outreach in streets, homeless shelters, health

clinics and physician offices. Study subjects were paid a

stipend of $50.00 for their participation. Participants were

protected by a Certificate of Confidentiality, issued by the

US Department of Health and Human Services. Hispanic

adults ($18 years) who spoke Spanish fluently were

considered eligible. The exclusion criteria were pregnant
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at recruitment, non-HIV associated malignancies and

refusal to sign a consent form to release medical records.

All participants gave informed consent. The study

was approved by the Institutional Review Board of the

Tufts–New England Medical Center.

Assessments

The data were collected at two clinic visits about 10 days

apart. At the first visit, information on housing, HIV

history, HIV medications, drug abuse and physical activity

were collected by standardised interview. Participants

were asked to fast for a minimum of 5 h prior to the second

visit, and were asked not to drink alcohol or do strenuous

physical exercise for a period of 48 h prior to the visit. At

the second visit, we measured weight, height, body

composition and REE.

Drug use was determined by standardised interview,

using a questionnaire that included items related to the

type, mode and frequency of drug use. A participant was

considered a drug abuser if he/she reported having used

any one of heroin, cocaine, ‘speedball’ (heroin with

cocaine) or methadone (prescription or non-prescription

use) by any route at least once in the last 6 months. Other

drugs, such as amphetamines, inhalants or barbiturates,

were not considered in this study because the frequency of

their use was low in this population. Persons who

reported marijuana use only were classified with the non-

users because marijuana and its legal derivatives are used

as appetite stimulants among persons infected with HIV.

Self-reported HIV status was confirmed by enzyme-linked

immunosorbent assay (ELISA).

Body composition

We determined body composition by bioelectrical

impedance analysis (BIA). Detecting electrodes were

placed on the wrist and ankle, and the signal introduction

electrodes were placed on the first joint of the middle

finger and on the foot just behind the middle toes,

following the manufacturer’s recommended procedures

(RJL Systems Inc., Clinton, MI, USA). We examined

subjects for oedema and excluded their data from the

analyses if oedema was present at the time of the BIA

measures. We used the equations of Lukaski5 to derive

measures of fat and fat-free mass. We validated the use of

the Lukaski equations to measure body composition in this

population against body composition measured by dual-

energy X-ray absorptiometry (unpublished data).

REE

REE was determined by indirect calorimetry using a

Sensormedic Vmax series spirometer (model 2130;

Sensormedic Corp., Yorba Linda, CA, USA). The partici-

pant’s oxygen consumption (VO2) and carbon dioxide

production (VCO2) (ml min21) were measured every 30 s

for a period of 15 min in steady-state conditions, and

this information was converted to REE using the modified

Weir equation:

REE ðkcal=24 hÞ ¼ ð3:94 VO2 þ 1:1 VCO2Þ £ 1:44:

We used information on gender, age, height and weight in

the Harris–Benedict equation6 to calculate the predicted

REE. We assessed the degree of hypo- or hyper-metabolism

by calculating the difference between the measured and

predicted REE. All between-group differences in REE were

adjusted for fat-free mass.

Malabsorption

Intestinal malabsorption was measured by the 2-h D-xylose

absorption test. Each participant was given 25 g of D-xylose

in water, and the serum levels of D-xylose were measured

2 h later. Two-hour serum values below 20 mg dl21 are

considered to indicate malabsorption in our hospital.

Physical activity

To measure physical activity we asked participants in a

standardised interview format how many blocks they

walked in a typical day. As the data were highly skewed,

we report the median, 25th and 75th percentiles and log-

transformed the data for the statistical analyses. We also

asked about weight lifting or bodybuilding exercises, since

drug abusers in our community are often incarcerated in

facilities where a gymnasium is available. We began to ask

about physical activity at the baseline visit after the study

had been running for about 3 years. For this reason, we

have incomplete data on these measures.

HIV and hepatitis infection

HIV RNA was measured by reverse-transcriptase poly-

merase chain reaction (PCR) with the Roche Amplicor

Monitor (Roche Molecular Systems, Somerville, NJ, USA),

with a lower detection limit of 400 copies ml21. CD4

lymphocyte counts were assessed using a specific

monoclonal antibody and fluorescence-activated cell-

sorting analysis.

The presence in serum of hepatitis B surface antigen

was determined with the Genetics Systems HBsAg Enzyme

Immunoassay (EIA) 3.0 (Biorad Laboratories, Redmond,

WA, USA). Antibody to the hepatitis B surface antigen

(anti-HBs) was determined by EIA (DiaSorin Inc.,

Stillwater, MN, USA). Total antibodies to the hepatitis B

core antigen (anti-HBc) were determined by EIA (DiaSorin

Inc.). The presence in serum of the antibody to the

hepatitis C virus (anti-HCV) was determined by ELISA

(ORTHO HCV Version 3.0; Ortho-Clinical Diagnostics,

Inc., Raritan, NJ, USA). The presence in serum of hepatitis

C virus RNA was determined by PCR of cDNA (AMPLICOR

Hepatitis C Virus test, Version 2.0; Roche Molecular

Systems Inc., Branchburg, NJ, USA).

Statistical analyses

In the first stage of the analyses we compared BMI, body

composition, malabsorption and energy expenditure
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among the three study groups. For the continuous

variables with a normal distribution, differences among

the groups were tested using the least-squares means

option in SAS version 9.0 (SAS Institute, Cary, NC, USA), in

the generalised linear models procedure (PROC GLM).

Continuous data with a non-normal distribution were log-

transformed and the analyses conducted on the trans-

formed data. When transformation did not adequately

normalise the data, non-parametric tests were used. HIV

viral load was expressed as the median (25th, 75th

percentile) of the log10 transformation of the measured

viral load. For categorical variables, chi-square or Fisher

exact tests were used, where appropriate.

In the second stage of the analyses, we examined the

effect of specific drug types on BMI. To do this, we re-

categorised the data into four mutually exclusive groups

based on the specific types of drugs used: (1) users of

cocaine only, (2) users of opiates only (mostly heroin or

methadone) and (3) multiple-drug users (cocaine and

opiates). The fourth group, non-drug abusers, all of whom

were HIV-positive, were treated as the reference category.

In addition to examining the effect of specific drug

types, we examined other factors that could explain

differences in BMI among the specific drug groups,

including REE, malabsorption, HIV status, hepatitis C

infection, smoking, reported energy intake and physical

activity. We did this by adding to models that contained

indicator variables for the specific drug-use groups, the

variables that predicted BMI and might be in the

mechanistic pathway. We expected that the addition of

variables in the mechanistic pathway would have an

attenuating effect on the differences in BMI among the

groups. The multivariate modelling was done in PROC

GLM of SAS version 9. We analysed the results from men

and women separately.

Results

Data describing this cohort, including details on dietary

intake, weight and BMI, have been published elsewhere1.

There were 286 participants enrolled in the study as of

31 December 2003. This number did not include eight

eligible participants who did not come to the first

appointment and 31 participants (five women and 26

men) who dropped out of the study between the first and

second baseline visits. The average BMI of the five women

who dropped out was 31.5 kg m22, and the average BMI of

the 26 men who dropped out was 27.2 kg m22.

Of the 286 participants enrolled, 206 (72%) were born in

Puerto Rico, 47 (16%) were born in the mainland USA and

the remaining 33 were born in other parts of Latin America

or the Caribbean. The proportion of participants who were

born in other parts of Latin America or the Caribbean did

not differ among the study groups (P ¼ 0.44).

The drugs most frequently reported were heroin and

cocaine. Forty-eight per cent of the drug users reported

using a combination of heroin and cocaine, taken

separately or mixed together (‘speedball’). Amphetamine

use was reported by 13 participants, and always in

conjunction with either cocaine or heroin use. Seventy-

one per cent of the drug abusers reported drug use of at

least once per day. Reported marijuana use – not

considered drug abuse in this study – or its legal

derivatives was higher in the drug abusers than the non-

drug abusers (HIV-positive drug abusers 27%; HIV-

positive non-drug abusers 12%; HIV-negative drug

abusers 49%; P , 0.0001).

Male HIV-positive drug abusers and HIV-positive non-

drug abusers were significantly older than the HIV-

negative drug abusers (Table 1). The HIV-positive drug

abusers and non-drug abusers had been infected with HIV

for a similar number of years, and had similar levels of CD4

counts. A smaller proportion of HIV-positive drug abusers

were taking highly active anti-retroviral therapy (HAART)

than were the HIV-positive non-drug abusers. Male HIV-

positive drug abusers weighed less on average and had a

lower BMI than did HIV-positive non-drug abusers. The

weight differences between the HIV-positive drug abusers

and HIV-positive non-drug abusers were attributable to

differences in fat. The HIV-positive men, both drug

abusers and non-drug abusers, had measured REE values

that were significantly higher than REE values predicted

using the Harris–Benedict equation. The value of this

difference was þ133 kcal or þ556 kJ per day (standard

error (SE): 26 kcal or 108 kJ, P , 0.0001) for the HIV-

positive drug abusers and þ139 kcal or þ582 kJ per day

(SE: 30 kcal or 126 kJ, P , 0.0001) for the HIV-positive

non-drug abusers. The measured REE of the HIV-negative

drug abusers did not differ significantly from that

predicted by the Harris–Benedict equation (þ28 kcal or

þ117 kJ per day, SE: 25 kcal or 104.6 kJ, P ¼ 0.27). The

correlation between REE and fat-free mass in the three

groups of men was r ¼ 0.51, P , 0.0001; r ¼ 0.43,

P , 0.0001; and r ¼ 0.47, P , 0.0001 in the HIV-positive

drug abusers, HIV-positive non-drug abusers and HIV-

negative drug abusers, respectively. Rates of intestinal

malabsorption did not differ among the groups nor did

physical activity as measured by bodybuilding activities or

the average number of blocks walked per day.

Among the women, the HIV-negative drug abusers

were significantly younger than the HIV-positive non-drug

abusers (Table 2). On average, the HIV-positive women

were overweight, while the HIV-negative women were

obese. Differences in weight were attributable to

differences in both fat and fat-free mass. The average

measured REE did not differ among the three groups of

women, nor did the measured REE differ from the

predicted REE among any group of women (for HIV-

positive drug abusers, difference ¼ 210 kcal or 241 kJ

per day (SE: 66 kcal or 276 kJ, P ¼ 0.88); HIV-positive non-

drug abusers, difference ¼ þ30 kcal or þ126 kJ per day

(SE: 40 kcal or 167 kJ, P ¼ 0.45); and HIV-negative drug
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abusers difference ¼ þ62 kcal or þ259 kJ per day (SE:

57 kcal or 238 kJ, P ¼ 0.28)). The correlation between REE

and fat-free mass in the three groups of women was

r ¼ 0.13, P ¼ 0.13; r ¼ 0.50, P ¼ 0.002; and r ¼ 0.32,

P ¼ 0.21, in the HIV-positive drug abusers, HIV-positive

non-drug abusers and HIV-negative drug abusers,

respectively. The prevalence of malabsorption was zero

or low among all groups of women. There was no

difference in reported bodybuilding among the three

groups of women. Women who were HIV-positive drug

abusers reported walking a greater number of blocks per

day on average than did women who were HIV-positive

non-drug abusers or HIV-negative drug abusers.

When we examined the effects of the specific types of

drugs on BMI we found that, among the men, users of

cocaine only and multiple-drug users (cocaine and

opiates), but not exclusively opiate users, had significantly

lower BMI compared with HIV-positive non-drug abusers

(Table 3). There was an appearance of a dose effect such

that the users of cocaine alone had a lower BMI than the

users of cocaine and opiates combined. However, we

found no effect of the frequency of drug use on BMI

among the users of cocaine. The lower BMI observed

among the men who used cocaine alone or with opiates

could not be explained by differences among the groups

in reported energy intake, REE, HIV infection, hepatitis C

infection, malabsorption or physical activity, as measured

in this study. Infection with HIV, the use of HAART,

infection with hepatitis C or hepatitis C viraemia were not

predictors of differences in BMI and therefore were not

considered further.

Homelessness was a significant predictor of lower BMI

among the men. Since there were no homeless men

among the HIV-positive non-drug abusers, we could not

add homelessness to models that included the HIV-

positive non drug-abusing men. To examine the contri-

bution of homelessness to the differences in BMI, we

limited the analyses to the drug abusers. The rates of

homelessness did not differ significantly between the

opiate only users and the users of drugs that contained

cocaine (P ¼ 0.10), and therefore did not parallel the

observed differences in BMI.

We had too few women to meaningfully examine the

effects of the specific types of drugs on BMI. There did not

appear to be important differences in BMI between the

women who used cocaine with or without other drugs and

the women who used exclusively opiates or who were not

drug abusers (Table 4). However, it is noteworthy that

among all four groups, the women who were cocaine

abusers had the lowest BMI.

Table 1 Characteristics of the men stratified by study group

Group 1 Group 2 Group 3

Characteristic
HIV-positive
drug abusers

HIV-positive
non-drug abusers

HIV-negative
drug abusers

Number in group 71 60 81
Age (years)* 41.0 (0.99)a 40.2 (1.1)a 36.7 (0.92)
Years with HIV† 9 (6, 12) 8 (5, 11) –
CD4 cell count† 262 (158, 452) 367 (207, 527) 931 (692, 1140)
Log viral load† 3.7 (2.3, 4.8) 2.3 (2.3, 3.8) –
HAART use‡ 38 (54)b 49 (82) –
Homeless‡§ 14 (20) 0 (0) 47 (58)
Height (cm)* 171.6 (0.85) 170.5 (0.86) 169.9 (0.73)
Weight (kg)* 74.0 (1.4)c 78.8 (2.1) 74.6 (1.4)
BMI (kg m22)* 25.2 (0.42)d 27.0 (0.66) 25.8 (0.46)
Fat mass (kg)* 18.9 (0.90)e 21.6 (1.4) 19.1 (0.92)
Fat-free mass (kg)* 55.3 (0.94) 57.2 (1.2) 55.5 (0.77)
Reported dietary energy (kcal day21)* 2712 (113) 2567 (124) 2851 (127)
Reported dietary energy (kJ day21)* 11 347 (54) 10 740 (518) 11 928 (531)

REE (kcal day21)* 1962 (26)f 1996 (30)f 1897 (25)
REE (kJ day21)* 8209 (109) 8351 (126) 7937 (105)
Predicted REE (kcal day21)* 1832 (27) 1907 (30) 1866 (26)
Predicted REE (kJ day21)* 7665 (113) 7979 (126) 7891 (109)
Malabsorption{ 6/67 (9) 6/57 (11) 15/76 (20)
Bodybuilding exercise{ 8/62 (13) 11/49 (22) 10/75 (13)
Blocks walked per day† 3 (0, 60) 4 (0, 20) 7 (2, 30)

HAART – highly active anti-retroviral therapy; BMI – body mass index; REE – resting energy expenditure.
* Values are mean (standard error).
† Values are the median (25th, 75th percentile).
‡ Values are n (%).
§ Differences in rates of homelessness were a consequence of recruitment strategies.
{Values are n/N (%).
a Group 1 vs. Group 3, P ¼ 0.002; Group 2 vs. Group 3, P ¼ 0.02.
b Group 1 vs. Group 2, P ¼ 0.0007.
c Group 1 vs. Group 2, P ¼ 0.04.
d Group 1 vs. Group 2, P ¼ 0.01.
e Group 1 vs. Group 2, P ¼ 0.05.
f Group 1 vs. Group 3, P ¼ 0.07; Group 2 vs. Group 3, P ¼ 0.01.
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Table 3 Characteristics of the men stratified by type of drugs used

Group 1 Group 2 Group 4

Characteristic
Cocaine

only users
Opiate

only users
Group 3

Multiple-drug users
HIV-infected

non-drug abusers

Number in group 16 68 68 60
Age (years)* 38.6 (2.1) 38.5 (1.1) 38.9 (1.1) 40.2 (1.1)
HIV-infected† 11 (69) 36 (53) 24 (35) 60 (100)
Homeless† 4 (25) 23 (34) 33 (49) 0 (0)
Height (cm)* 169.3 (1.7) 170.3 (0.82) 171.5 (0.82) 170.5 (0.86)
Weight (kg)* 68.3 (3.4)a 76.2 (1.6) 73.8 (1.6) 78.8 (2.1)
BMI (kg m22)* 23.6 (1.1)b 26.2 (0.5) 25.2 (0.5)c 27.0 (0.66)
Reported dietary energy (kcal day21)* 2643 (266) 2842 (128) 2758 (127) 2567 (124)
Reported dietary energy (kJ day21)* 11 058 (1113) 11 891 (536) 11 539 (531) 10 740 (519)

REE (kcal day21)* 1861 (61)d 1943 (31) 1923 (31) 1996 (30)
REE (kJ day21)* 7786 (255) 8130 (130) 8046 (130) 8351 (126)
Predicted REE (kcal day21)* 1753 (58)e 1879 (28) 1844 (28) 1907 (30)
Predicted REE (kJ day21)* 7335 (243) 7862 (117) 7715 (117) 7979 (126)
Malabsorption‡ 2/16 (13) 6/62 (10) 13/65 (20) 6/57 (11)
Bodybuilding exercise‡ 3/14 (21) 7/57 (12) 8/66 (12) 11/49 (22)
Blocks walked per day§ insufficient data 5 (3, 10) 5 (3, 8) 4 (2, 10)

BMI – body mass index; REE – resting energy expenditure.
* Values are mean (standard error).
† Values are n (%).
‡ Values are n/N (%).
§ Values are the median (25th, 75th percentile).
a Group 1 vs. Group 2, P ¼ 0.03; Group 1 vs. Group 4, P ¼ 0.006.
b Group 1 vs. Group 2, P ¼ 0.03; Group 1 vs. Group 4, P ¼ 0.005.
c Group 3 vs. Group 4, P ¼ 0.01.
d Group 1 vs. Group 4, P ¼ 0.06.
e Group 1 vs. Group 2, P ¼ 0.05; Group 1 vs. Group 4, P ¼ 0.02.

Table 2 Characteristics of the women stratified by study group

Group 1 Group 2 Group 3

Characteristic
HIV-infected
drug abusers

HIV-infected
non-drug abusers

HIV-non-infected
drug abusers

Number in group 14 38 21
Age (years)* 36.2 (1.5) 39.1 (1.6)a 33.0 (1.6)
Years with HIV† 5 (2, 9) 6 (4, 9) –
CD4 cell count† 415 (302, 491) 394 (175, 576) 1075 (835, 1301)
Log viral load† 3.0 (2.8, 3.4) 2.3 (2.3, 3.7) –
HAART use‡ 4 (29) 22 (58) –
Homeless‡§ 2 (14) 3 (8) 5 (24)
Height (cm)* 162.0 (1.8)b 157.3 (1.1) 158.6 (1.4)
Weight (kg)* 70.4 (4.5) 72.0 (2.7) 77.7 (3.7)
BMI (kg m22)* 26.8 (1.7)c 29.0 (1.0) 30.8 (1.4)
Fat mass (kg)* 23.3 (3.2)d 30.3 (2.0) 32.3 (2.6)
Fat-free mass (kg)* 47.1 (2.2)e 41.7 (1.3) 45.4 (1.8)
Reported dietary energy (kcal day21)* 2236 (152)f 1836 (94) 1982 (124)
Reported dietary energy (kJ day21)* 9355 (636) 7682 (393) 8293 (519)

REE (kcal day21)* 1560 (61)g 1666 (35) 1700 (43)
REE (kJ day21)* 6527 (255) 6971 (146) 7113 (180)
Predicted REE (kcal day21)* 1614 (51) 1607 (31) 1702 (42)
Predicted REE (kJ day21)* 6753 (213) 6724 (130) 7121 (176)
Malabsorption{ 1/14 (7) 0/38 (0) 0/20 (0)
Bodybuilding exercise{ 1/11 (9) 0/38 (0) 2/18 (11)
Blocks walked per day† 6 (3, 10)h 3 (2, 6) 2 (1, 6)

HAART – highly active anti-retroviral therapy; BMI – body mass index; REE – resting energy expenditure.
* Values are mean (standard error).
† Values are the median (25th, 75th percentile).
‡ Values are n (%).
§ Differences in rates of homelessness were a consequence of recruitment strategies.
{Values are n/N (%).
a Group 2 vs. Group 3, P ¼ 0.01.
b Group 1 vs. Group 2, P ¼ 0.04.
c Group 1 vs. Group 3, P ¼ 0.07.
d Group 1 vs. Group 2, P ¼ 0.07; Group 1 vs. Group 3, P ¼ 0.04.
e Group 1 vs. Group 2, P ¼ 0.03.
f Group 1 vs. Group 2, P ¼ 0.03.
g Group 1 vs. Group 3, P ¼ 0.01.
h Group 1 vs. Group 3, P ¼ 0.02.
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Discussion

In this study, Hispanic men with and without HIV

infection who used cocaine alone or with opiates had

lower weight and BMI compared with men who used only

opiates or men who were HIV-positive but did not use

drugs. Users of cocaine alone had the lowest BMI,

followed by users of cocaine mixed with opiates. We did

not observe an association between the reported

frequency of drug abuse and BMI among the cocaine

users. However, since the majority of our users were

heavy users – over 70% of the participants reported drug

use of at least once per day – we had limited variability in

the data to test this association. The differences in BMI

observed among the men could not be attributed to

differences in reported energy intake, rates of malabsorp-

tion, REE, HIV infection, infection with hepatitis C or

physical activity as measured in this study. Men who were

HIV-positive had average REE that was significantly

higher than that predicted by the Harris–Benedict

equation, but REE did not differ between HIV-positive

drug abusers and non-drug abusers. Elevated REE in HIV-

positive men has been observed previously7–11. Neither

cocaine nor heroin use was predictive of differences in

REE, although we cannot rule out acute effects of these

drugs on short-term increases in REE.

The Hispanic women in our study were overweight or

obese, on average, although the women who were both

HIV-positive and drug abusers tended to have a lower BMI

than women who were HIV-positive but not drug abusers

or women who were HIV-negative drug abusers. In

contrast to the men, the HIV-positive women did not have

measured REE values that were elevated significantly

above the predicted values. Although there were small

numbers of women on whom to base our conclusions, the

magnitude of the differences between measured and

predicted REE was smaller in the HIV-positive women

than in the men. It is possible that women do not respond

to HIV infection with increases in REE to the same extent

as men. However, if there is a difference in the biological

basis for REE elevation, the mechanism is unknown.

While we were able to confidently eliminate reported

energy intake, malabsorption, REE, HIV and hepatitis

infection as possible explanations for the lower BMI of the

male cocaine abusers, we cannot exclude the effects of

non-resting energy expenditure, including physical

activity or homelessness.

Homeless participants in this cohort reported an

average energy intake greater than that of participants

who were not homeless1. These findings agree with those

of a study of a German homeless population, in which

drug abuse and wasting diseases, such as HIV, cancer or

tuberculosis, but not food intake, were associated with

poor nutritional state4. Thus, dietary insufficiency is not an

inevitable consequence of homelessness in this setting.

Homelessness may be a marker of higher levels of physical

activity or a surrogate for exposure to cold. Since none of

the HIV-positive non drug-abusing men were homeless,

we could not evaluate the attenuating effect of home-

lessness on the relation between drug abuse and BMI

among the men as a whole. However, as the rates of

homelessness did not differ significantly between the men

who used cocaine and the men who were strictly opiate

users, while BMI did, it seems unlikely that homelessness

can explain the observed differences in BMI between

these groups.

Table 4 Characteristics of the women stratified by type of drug used

Characteristic

Group 1
Cocaine

only users

Group 2
Opiate

only users
Group 3

Multiple-drug users

Group 4
HIV-infected

non-drug abusers

Number in group 4 19 12 38
Age (years)* 34.8 (4.7) 35.3 (1.4) 32.6 (2.1)a 39.1 (1.6)
HIV-infected† 2 (50) 11 (58) 1 (8) 38 (100)
Homeless† 0 (0) 4 (21) 3 (25) 3 (8)
Height (cm)* 159.5 (3.3) 160.7 (1.5) 158.6 (1.9) 157.3 (1.1)
Weight (kg)* 71.9 (9.8) 73.7 (4.5) 77.3 (5.7) 72.0 (2.7)
BMI (kg m22)* 28.1 (3.6) 28.5 (1.6) 30.7 (2.1) 29.0 (1.0)
Reported dietary energy (kcal day21)* 2102 (292) 2053 (134) 2125 (169) 1836 (95)
Reported dietary energy (kJ day21)* 8795 (1222) 8590 (561) 8891 (707) 7682 (397)

REE (kcal day21)* 1673 (118) 1578 (52)b 1805 (62) 1665 (35)
REE (kJ day21)* 7000 (494) 6602 (218) 7552 (259) 6966 (146)
Predicted REE (kcal day21)* 1633 (112) 1652 (52) 1700 (65) 1607 (32)
Predicted REE (kJ day21)* 6832 (469) 6912 (218) 7113 (272) 6724 (134)
Malabsorption‡ 0 (0) 1 (6) 0 (0) 0 (0)
Bodybuilding exercise‡ 0/3 (0) 3/17 (18) 0/9 (0) 0/30 (0)
Blocks walked per day§ 4 (2, 5) 4 (2, 10) 3 (0.5, 6) 3 (2, 8)

BMI – body mass index; REE – resting energy expenditure.
* Values are mean (standard error).
† Values are n (%).
‡ Values are n/N (%).
§ Values are the median (25th, 75th percentile).
a Group 3 vs. Group 4, P ¼ 0.02.
b Group 2 vs. Group 3, P ¼ 0.06.
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To measure physical activity we chose not to use the

available validated physical activity questionnaires since

they were designed to measure moderate to high levels of

physical activity, of importance to cardiovascular disease

research. They do not measure low levels of physical

activity such as walking at a strolling pace, nor do they

measure energy expenditure due to fidgeting or exposure

to cold. We expected to find that homeless persons walk

more than do non-homeless persons since the local

homeless shelters do not allow male residents to stay in

the facilities during the day, unless there is a weather

emergency. Women with children are permitted to stay

indoors both day and night. However, for differences in

physical activity to plausibly explain the differences in BMI

among the specific drug use groups, it would have to be

the sort of physical activity that would differ between

cocaine users and opiate users.

It is well established that cocaine induces hyperactivity

in rodents, although there are fewer studies in

humans12,13. Small amounts of increased physical activity,

such as twitching, if repetitive, can greatly increase overall

energy expenditure14. Our measures of physical activity

would not have captured such small differences among

the groups, but such fine levels may, indeed, explain the

relatively lower weight and BMI of the cocaine users.

Furthermore, the behavioural response to cocaine in

animals has been shown to be dependent on gender,

which might explain the differences in BMI in relation to

cocaine use between the women and the men in our

study15–19.

The average BMI of the men and women in our study

was normal to obese. This reflects the availability of health

care for the indigent population and persons with HIV in

the Boston area, as well as the high prevalence of

overweight and obesity in the US population as a whole. A

recent report from Sweden found that the increased

prevalence of overweight in that country was also

reflected in the drug-abusing population20. While low

weight is not a threat to the majority of our study

participants, for those with low BMI or those who have

advanced AIDS, the results of our study suggest that drug

abusers, and particularly users of cocaine, may have more

difficulty maintaining their weight or more difficulty

regaining weight following bouts of AIDS-related illness.

Weight loss continues to be a prevalent problem in HIV,

even in the era of HAART21, and our results suggest that

drug abuse contributes to this problem. In countries where

HAART is not readily available, we would expect to see a

lower BMI in the HIV-positive population in general and in

drug abusers in particular, such as was reported in a recent

study of drug abusers in Dhaka, Bangladesh22.

Overall this study has shown that, among Hispanic men,

cocaine abuse is associated with lower weight and BMI.

However, the observed differences in BMI cannot be

attributed to differences in reported dietary energy intake,

REE, malabsorption, or infection with HIV or hepatitis.

Further studies of cocaine abusers to examine the

contribution of increased physical activity, including

hyperactivity, as well as studies of cocaine-induced

metabolic disturbances are warranted.
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