
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Markers of HIV-1 infection and its pathogenesis

Maas, J.J.

Publication date
2000

Link to publication

Citation for published version (APA):
Maas, J. J. (2000). Markers of HIV-1 infection and its pathogenesis. [Thesis, fully internal,
Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/markers-of-hiv1-infection-and-its-pathogenesis(cf703e9a-af75-4b27-b9d2-23ad6be0ed65).html


Chapterr  6 

Bodyy mass index course in asymptomatic HIV-infected 
homosexuall  men and the predictive value of a decrease of body 

masss index for  progression to AIDS 

J.J.. Maas, N. Dukers, A. Krol, E.J.C, van Ameijden, R van Leeuwen, M.T.L. Roos, F de 
Wolf,, R.A. Coutinho and I.P.M. Keet 

JournalJournal of Acquired Immune Deficiency Syndromes 1998, 19 (3); 25 4-259 

85 5 



86 6 



Bodyy Mass Index Course in Asymptomatic HIV-infected 
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^Department^Department of Human Retrovirology, Academic Medical Centre, Amsterdam, The Netherlands 

Summary::  Weight loss is a common characteristic of advanced stages of HIV infec-
tion.. Weight changes during the asymptomatic stage of HIV infection have not been 
welll  documented and the possible predictive value of early weight loss for progression 
too AIDS is unknown. In 122 HIV seroconverters, the natural course of body mass 
indexx (BMI) following seroconversion was studied. No BMI decline was seen imme-
diatelyy following seroconversion. In the 56 AIDS cases, however, a steep BMI decline 
off  1.14 kg/m2 occurred 6 months before AIDS. This BMI decline was more pro-
nouncedd in those with low CD4* T cell counts (<100 x 106/L) at the time of AIDS 
diagnosiss (1.8 kg/m2). The relative hazard for progression to AIDS of a BMI decline 
off  1.14 kg/m2 per 6 months was 3.1, which remained similar after adjustment for CD4 
countt and p24 antigenemia. We conclude that the course of BMI in HIV-1 infection is 
biphasic:: a relatively stable period is followed by a rapid decline in the 6 months 
precedingg onset of AIDS. Furthermore, we found that this steep BMI decline was 
associatedd with faster progression to AIDS. Key Words: HIV infection— 
Asymptomatic—BMI—Weight—Weightt loss—AIDS—Disease progression—CD4* 
lymphocytes—p244 antigen—HIV-1 RNA load. 

Wastingg syndrome, which is defined as an uninten-
tionall  weight loss of >10%, combined with diarrhea or 
feverr (1), is one of the most devastating symptoms of 
advancedd HIV infection. Between 1987 and 1991, it was 
thee second most common AIDS-defining diagnosis in the 
Unitedd States (2). Some of the pathogenetic factors that 
causee weight loss are diminished food intake resulting 
fromm anorexia or opportunistic infections, bowel dys-
functionn with nutrient malabsorption (3-5), a disturbance 
betweenn energy intake and energy expenditure (6,7), and 
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alterationss of levels of interleukin, cytokines, or tumor 
necrosiss factor (8). 

Onee of the most important strategies to reverse the 
wastingg process is to start antiretroviral therapy. If anti-
retrovirall  therapy is not sufficient to reverse wasting, 
otherr therapies, such as hyperalimentation and the use of 
appetite-stimulatingg drugs, can also be applied (9-11). 
Failuree of antiretroviral therapy is often associated with 
aa progression of weight decline. 

Att present it remains unclear whether AIDS is pre-
cededd by a gradual weight loss. Some studies have re-
portedd early changes in body composition in absence of 
weightt loss (12-16), whereas others have reported a de-
clinee as early as 3 to 9 (17) and 12 to 18 months (18) 
beforee onset of the first AIDS-defining illness. The aim 
off  the present study was to determine early pre-AIDS 
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weightt loss among asymptomatic HIV-infected homo-
sexuall  men and to determine whether early weight loss is 
predictivee for progression to AIDS. 

MATERIAL SS AND METHOD S 

Studyy Population 

Sincee October 1984, 773 HIV-seronegative homosexual men have 
beenn enrolled in the Amsterdam cohort study on the natural history of 
HIVV infection and AIDS (19). As of October 1996, 122 men «recon-
vertedd for HIV during follow-up, of whom 57 developed AIDS accord-
ingg to the 1987 U.S. Centers for Disease Control and Prevention (CDC) 
casee definition (1). Al l participants were seen at three monthly visits at 
whichh a medical history was taken, a physical examination was per-
formed,, and blood was drawn for extensive immunologic and virologie 
laboratoryy evaluations. Body weight was measured as part of the physi-
call  examination, with the patient unclothed and always on the same 
scales.. As a measure of body weight, we used the height-adjusted body 
masss index (BMI; kg/m2). The midpoint between the last seronegative 
andd the first seropositive blood sample was used as estimated time of 
HIVV seroconversion. 

Inn this study, we used the following case definitions: slow progres-
sorss (« = 68) for those persons who had not developed AIDS after 5 
yearss and fast progressors for those persons who developed AIDS 
withinn 5 years (n = 28). Twenty-six seroconverters could not be clas-
sifiedd because they had a follow-up lasting <5 years. To determine 
whetherr the BMI of the participants was comparable in general, we 
comparedd them with a reference group consisting of 893 randomly 
selectedd men living in Amsterdam within the same age range. These 
dataa were collected in the scope of general public health surveys. 

Laborator yy Methods 

Seraa were tested for the presence of HIV-1 antibodies with two 
commerciallyy available enzyme-linked immunosorbent assays (ELISA; 
Abbottt Laboratories, North Chicago, Illinois, U.S.A.; Vironostika 
Teknika.. Organon, Oss, The Netherlands), and confirmed with Western 
blot.. HIV p24 antigen was detected with a solid phase, sandwich-type 
enzymee immunoassay <EIA, Abbott Laboratories). All serologic tests 
weree carried out in fresh sera. T-cell subsets were tested using fresh 
cells.. CD4* and CDS* T cells were enumerated by a direct immuno-
fluorescencee technique using monoclonal antibodies and a flow cytom-
etryy system. Cocultivation of cryopreserved (before October 1992) and 
freshh peripheral blood mononuclear cells with MT-2 cells was used to 
detectt the presence of syncytium-inducing (SI) HIV-1 variants (20). 
HIV-11 RNA was quantified by a nucleic acid sequence based ampli-
ficationfication assay (NASBA HIV-1 RNA QT, Organon Teknika, Boxtel, 
Thee Netherlands) (21), performed according to the instructions of the 
manufacturer.. The threshold of quantification, using 100 u.1 serum, was 
I033 HIV-1 RNA copies/ml. 

Statisticall  Methods 

Threee analyses were performed. First, in all 122 subjects, early BMI 
declinee was studied from the estimated moment of seroconversion. 
Second,, in all seroconverters diagnosed with AIDS, the BMI decline in 
thee 5 years preceding AIDS was studied. Finally, in all subjects, a Cox 
proportionall  hazards analysis was performed to assess the predictive 
valuee of an early pre-AIDS BMI decline for progression to AIDS. 

Outlierss were identified after visual inspection of the individual data. 
Onee outlier was found and subsequently excluded from all analyses 
becausee of a disproportional influence on the variance of the mean BMI 
decline.. This outlier was also the only patient diagnosed with wasting 
syndrome. . 

Thee statistical analysis of the longitudinal trend of BMI was per-
formedd using a linear regression method for repeated measurements. 
Thee general least square linear regression method was not applicable 
becausee of the dependency of measurements taken within one person. 
Inn repeated measurement analysis, we used a first order autoregressive 
correlationn structure, which assumes a decrease of correlation with 
everyy increase in time between measurements. The mean BMI was 
modelledd as a piecewise function, allowing the rate of change of BMI 
too differ from one time interval to another. The inflection point of 
differentt time intervals—where the change in slopes was greatest—was 
establishedd on the basis of the likelihood ratio statistic. To assess 
whetherr differences in markers at AIDS diagnosis were associated with 
thee decline in BMI before AIDS diagnosis, the following covariates 
weree included in a multivariate model: CD4* T cell count (<100 x 
10ft/LL versus a 100 x 10<7L). This dichotomization was used because 
loww CD4 counts are observed at the time of AIDS; HIV RNA level 
«10.0000 versus & 10.000 copies/ml) was dichotomized at the level that 
iss used in many guidelines to start antiretroviral treatment; the age at 
timee of AIDS (<45 versus 2*45 years), which is the 75th percentile; 
antiretrovirall  treatment (yes/no); presence of HIV-1 p24 antigen: pres-
encee of SI variants; HIV-1-relaled clinical events (classified as the 
presencee or absence of AIDS-related complex [ARC] [ID, and the 
AID SS index diagnosis (Kaposi's Sarcoma [KS] as AIDS index diag-
nosiss versus other AIDS index diagnoses). 

Too assess the predictive value of a BMI decline for progression to 
AIDS,, a Cox proportional hazards analysis was performed in which 
BMII  was analyzed as a time-dependent covariate. BMI decline was 
dichotomizedd according to the results of the repeated measurements 
analysis.. In this analysis, all 122 seroconverters were included. To 
determinee whether or not a higher risk of progression could be ex-
plainedd by other covariates than BMI. we also included the following 
time-dependentt covariates: CD4* T cell count (>500 x lf/VL , 200-500 
xx I0"/L, <200 x 106/L), HIV RNA level by the 25th, 50th and 75th 
percentiless (>\0,°copies/ml, 10*-°-104-5 copies/ml, 10*-*-Iff " copies/ 
ml.. >104S> copies/ml) and the covariates: antiretroviral treatment (yes/ 
no),, ARC events (yes/no) and the presence of HIV-1 p24 antigen, (yes/no) 
andd SI variants (yes/no). In the forward stepwise multivariate Cox model, 
wee used the following levels of significance: p ss .15 was considered 
eligiblee for removal, and p < . 15 was considered eligible for addition. All 
covariatess were allowed, where appropriate, to switch forward and back-
wardd from one risk category to another more than once. 

RESULTS S 

Baselinee Characteristics 

Thee mean BMI found at the first HIV-1 -seropositive 
visitt was 22.2 kg/m2 (95% confidence interval [CI], 21.7-
22.7)) and the mean BMI found at time of AIDS diagnosis 
wass 21.0 kg/m2 (95% CI, 20.0-22.0). The mean age of the 
seroconverterss was 35.8 years (range, 22-57 years), with a 
meann follow-up time between seroconversion and AIDS 
diagnosiss of 5.3 years (range, 0.6-10.8 years). Furthermore, 
thee mean CD4+ T cell count, determined in the first HIV-
1-seropositivee blood sample, and HIV-1 RNA load, deter-
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minedd in the blood sample 12 months after seroconversion, 
foundd in the 122 participants was: 727  294 x 106/L and 
4.00 1 logjQ, respectively. After direct standardization for 
age,, the BMI distribution of the reference population of 
menn in Amsterdam was 23.7 kg/m2. 

Off  the 57 AIDS cases, 14 were diagnosed with a Can-
didaa esophagitis, 12 with Pneumocystis carinii pneumo-
nia,, 13 with KS, two with HIV encephalopathy, three 
withh toxoplasmosis cerebri, four with herpes simplex in-
fection,, three with cytomegalovirus infections and five 
peopless with Mycobacterium avium-intracellulare infec-
tion,, cryptococcosis, cryptosporidiosis (n = 2) and mi-
crospiridiosis,, respectively. One person diagnosed with 
thee wasting syndrome was excluded from the analyses. 

Coursee of Body Mass Index Since 
HIVV  Seroconversion 

Afterr alignment of the total number of 122 serocon-
verterss at the time of HIV seroconversion, no decline in 
BMII  could be found. However, although no significant 
differencee was found between the course of BMI of the 
twoo groups—slow and fast progressors—the course of 
BMII  of the fast progressors suggested a BMI decline in 
thee years preceding AIDS (Fig. 1). 

Inn Figure 2, the mean course of BMI of the 56 AIDS 
casess in the period 5 years before AIDS is shown. A 
stablee BMI was followed by a marked decline in the 
monthss preceding AIDS. 

Usingg the piecewise linear regression method for re-
peatedd measurements, allowing the rate of change of 
BMII  to differ from one time interval to another, we ex-
aminedd the various inflection points at 3, 6, 9, 12, 15, 18, 
21,, and 24 months before AIDS diagnosis. 

Thee data were best described by a model using a dif-
ferentt BMI slope in the 6 months before AIDS diagnosis, 
comparedd with the preceding time interval. The mean 
intraindividuall  variation was 3.3 kg/m2. In the preceding 
4.55 years, the BMI slope was relatively stable (0.001 
BMII  per 6 months). In the last 6 months before AIDS 
diagnosis,, the modeled BMI decline was 1.14 kg/m2 per 
66 months (959c CI, 0.78-1.45). The estimated intercept 
wass 21.2 kg/m2 (95% CI, 20.5-22.0), reflecting the BMI 
att time of AIDS diagnosis. A BMI decline of 1.14 kg/m2 

perr 6 months approximately equals weight loss of 3.7 kg 
perr 6 months for an average participant with a height of 
1.811 meters. In both the univariate (data not shown) as 
welll  as the multivariate piecewise analysis (Table I), we 
foundd that a CD4+ T cell count lower than 100 x 106/L 
att the time of AIDS diagnosis was associated with a 
steeperr BMI decline in the time interval 6 months before 
AIDSS diagnosis than higher CD4+ T-cell counts (1.8 and 
1.00 BMI per 6 months, respectively). An age above 45 
yearss and the presence of KS were associated with higher 
BMIss at AIDS (23.4 versus 20.3 and 21.9 versus 20.3, 
respectively).. HIV-1 RNA viral load, presence of HIV-1 
p244 antigen and SI variants, ARC events, or antiretroviral 
treatmentt were not associated with a BMI decline, nor with 
BMII  at the time of AIDS diagnosis. 

622 02 56 54 45 42 42 36 36 51 33 30 30 23 23 20 22 I 2 16 12 I 

FIG.. 1. The crude mean body 
masss index (BMI) courses of slow 
andd fast progressors after HIV se-
roconversion.. Because of the low 
numberr of measurements after 
1200 months of follow-up, the 
graphh was truncated at 120 
months.. The upper row at the bot-
tomm of the graph represents the 
numberr of fast progressors per 3 
months.. The lower row represents 
thee number of slow progressors 
perr 3 months. The gray and 
hatchedd areas represent the 95% 
confidencee intervals. 

Monthss after HIV-seroconversion 



-400 -30 -20 

Monthss preceding AIDS 

FIG.. 2. Body mass index (BMI) 
timee path of the 56 seroconverters 
withh AIDS. The course of the 
meann BMI of the 56 AIDS cases in 
thee 5 years preceding AIDS diag-
nosis.. The gray area represents 
thee 95% confidence interval. The 
numberr of persons is shown at the 
bottomm of the graph. 

Bodyy Mass Index as Predictor  for  Progression 
too AIDS 

Forr a Cox proportional hazards analysis (n = 122), 
accordingg to the piecewise model described above, BMI 
declinee was defined as 1.14 kg/m2 per 6 months (Table 
2).. This BMI decline of 1.14 kg/m2 per 6 months was 
presentt in only 19 of 56 AIDS cases (34%) and was 
significantlyy associated with faster progression of dis-
ease,, with a relative hazard (RH) of 3.1 (95% CI, 1.09-
8.96).. In a multivariate model, with only 105 of 122 
casess because of missing data and with BMI forced into 
thee model, the RH remained similar, namely 3.6 (95% 
CI,, 0.88-15.03) with a borderline significant p value of 
.07.. CD4+ T-cell counts and the presence of p24 antigen 
remainedd significant. 

DISCUSSION N 

Thee present study on BMI in HIV infection showed a 
biphasicc BMI time path during the asymptomatic stage 
off  HIV-1. The BMI remained relatively stable from time 
off  HIV-1 seroconversion until 6 months before AIDS 
diagnosis,, at which point an abrupt decline of BMI was 
seen.. In a univariate analysis, we found that a BMI de-
clinee of 1.14 kg/m2 (or 3.7 kg) per 6 months was sig-
nificantlyy associated with faster progression to AIDS. In 
aa multivariate analysis, when adjusted for CD4* T cells 
andd HIV- 1 RNA, the relative hazard of BMI remained 
relativelyy unaffected. BMI was found to be predictive at 
borderlinee significance. This suggests that a BMI decline 

off  1.14 kg/m2 or more can be useful as an additional 
markerr of progression to AIDS. Our findings endorse the 
findingss from previous studies. Hoover and Graham 
foundd that a pre-AIDS weight decline could start as early 
ass 12 to 18 months before onset of AIDS. However, in 
thiss study weight loss was also found to be most promi-
nentt in the last 6-month pre-AIDS semester (18). 
Palenicekk et al. (17) found that HIV-infected men with a 
self-reportedd unintentional weight loss of >4.6 kg 3 to 9 
monthss before AIDS diagnosis had a significantly poorer 
survival.. Palenicek et al. (17) and Guenter et al. (22) 
showedd that a decline of >10% was associated with 
poorerr survival after AIDS. Although BMI decline can 
bee a useful marker of progression to AIDS, sensitivity is 

TABL EE 1. Results by multivariate repeated measurement analysis: 
characteristicscharacteristics at the time of AIDS diagnosis and their association 
withwith BMI decline in the 6 months preceding AIDS diagnosis and 

BMIBMI at the lime of AIDS 

Characteristicss at AIDS 

CD4**  T-cell count 
<IO00 x I0"/L 
33 100x 10*/L 

Age e 
<455 years 
s*455 years 

AIDSS events 
Kaposi'ss sarcoma 
Otherr events 

BMI I 
decline" " 

1.8 8 
1.0 0 

1.7 7 
1.8 8 

1.3 3 
1.8 8 

P P 
Value'' ' 

.05 5 

.89 9 

.22 2 

BMII  at 
AIDS' ' 

20.3 3 
20.1 1 

20.3 3 
23.4 4 

21.9 9 
20.3 3 

P P 
Value'' ' 

.84 4 

.003 3 

.07 7 

""  BMI decline per 6 months. 
bb p Value of the corresponding piecewise model. 
cc BMI at time of AIDS. 
BMI ,, body mass index. 
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TABL EE 2. Results of a time-dependent Cox proportional hazards 
analysis,analysis, including all 122 seroconverters, to determine the 

predictivepredictive properties of immunologic and virologie markers of 
progression,progression, antiretroviral treatment, and a BMI decline of1.14 

kg/mkg/m22 per 6 months in predicting progression to AIDS 

Marker ss of 
progression n 

BMI I 
<1.14BMII  kg/in2 

perr  6 months 
5*1.144 BMI kg/m2 

perr  6 months 
CD4**  count* 

>500 0 
>2000 and «500 
«200 0 

HIV- 11 RNAC 

«4.5 5 
>4.55 and «4.9 
>4.9 9 

SII  variants'* 
absent t 
present t 

P244 antigen 
absent t 
present t 

ARCC event* 
no o 
yes s 

Treated̂  ^ 
no o 
yes s 

Univariat ee results 

RH H 

1 1 

3.1 1 

1 1 
4.2 2 

42.1 1 

1 1 
1.8 8 
3.8 8 

1 1 
4.8 8 

1 1 
2.1 1 

1 1 
3.1 1 

1 1 
2.6 6 

95%%  CI 

— — 
1.4-7.8 8 

— — 1.0-21.0 0 
9.3-188.4 4 

— — 0.8-4.1 1 
1.9-7.4 4 

— — 2.6-8.9 9 

— — 1.2-3.6 6 

— — 1.7-5.6 6 

— — 1.4-^.5 5 

Multivariat ee results 

RH H 

1 1 

3.6" " 

1 1 
3.5 5 

22.4 4 

I I 
2.1 1 

95%%  CI 

— — 
0.8-15.0 0 

— — 0.7-16.0 0 
5.1-98.2 2 

— — 1.0-4.2 2 

""  BMI forced into the multivariate model (p = .07). 
**  x 10*/L. 
clog100 HIV-1 RNA viral load (NASBA). 
***  Syncytium versus nonsyncytium variant. 
'' According the CDC classification of 1987. 
ff Whether or not antiretroviral treatment was received. 
BMI,, body mass index; SI, syncyntium inducing; ARC, AIDS-

relatedd complex; CDC, U.S. centers for Disease Control and Preven-
tion;; RH, relative hazard; CI, confidence interval. 

aboutt one third. In other words, weight loss is only seen 
inn one third of the HIV-1-infected patients who develop 
AIDS,, but if weight loss is present, it is predictive for 
AIDS.. Furthermore, after looking at the graphs of the 
individuall  courses of the BMIs, we found that in most 
casess a steep BMI decline in the 6 months before AIDS 
diagnosiss occurred. Individual curves of some of the se-
roconverters,, however, showed that a BMI decline of at 
leastt 1.14 kg/m2 per 6 months could start as early as 2 
yearss before onset of AIDS. 

Itt can be argued, however, that pre-AIDS weight loss 
iss actually part of an AIDS defining illness—a conse-
quencee of the fact that the diagnostic process inevitably 
takess a finite period of time and AIDS-defining illnesses 
aree not infrequently subacute (23). To further investigate 
this,, we have also examined the mean BMI courses per 
AIDSS diagnosis (data not shown). In doing so, we found, 

inn individuals diagnosed with Candida esophagitis, P 
cariniicarinii  pneumonia, or KS, that the BMI courses followed 
aa biphasic BMI pattern. For the remaining AIDS diag-
noses,, however, the mean BMI decline was more 
gradual.. In particular, the presence of weight loss in pa-
tientss diagnosed with localized KS (in most patients no 
systemicc involvement of KS took place) suggests that the 
pre-AIDSS weight loss is at least in part related to the HIV 
infection,, as opposed to an effect of the underlying op-
portunisticc disease. Another suggestion for a direct HIV-
relatedd effect is that we have found, in line with the 
resultss from previous studies, that in individual cases, 
weightt loss may start several years before onset of AIDS 
(18). . 

Wee distinguished a steeper BMI decline for persons 
withh CD4+ T-cell counts <100 x 106/L. Older age and 
KSS as AIDS index diagnosis were associated with a 
higherr BMI at time of AIDS. The higher BMI at the time 
off  AIDS seen in older patients could result from the fact 
thatt older people on average have a higher BMI. Those 
withh KS were on average older than those with other 
AIDSS events (data not shown). Furthermore, KS is one 
off  the few AIDS events that is frequently observed ear-
lierr in HIV-1 infection and in people with relatively high 
CD4++ T-cell counts (24). 

Wee conclude that weight loss can be considered as a 
useful,, but late, marker of progression to AIDS. Whether 
thee observed weight loss is an early manifestation of an 
AIDS-definingg illness or a true pre-AIDS decline cannot 
bee fully answered in this study design, although we con-
siderr that this distinction is of no great relevance for 
clinicians.. Our study also shows considerable variation 
inn the decline in body weight, which thus limits the use 
off  this marker to some extent. In addition, clinicians 
oughtt to be aware that weight loss may be one of the 
earlyy signs of AIDS-defining illnesses. Where appropri-
ate,, they should start prophylaxis for opportunistic infec-
tions.. Moreover, early and effective antiretroviral 
therapyy should be considered before the first signs of 
weightt loss appear. 

Acknowledgments:: This study was performed as part of the 
Amsterdamm cohort studies on HIV infection and AIDS, a collabo-
rationn between the Municipal Health Service, the Academic Medi-
call  Centre, and the Central Laboratory of the Netherlands Red 
Crosss Blood Transfusion Service, The Netherlands. We would 
likee to thank Nel Albrecht and Maria Knapen for the daily orga-
nizationn of the cohort study. Furthermore, we want to thank 
Mennoo Reijneveld, Department of Epidemiology and Health Pro-
motion,, for his assistance, and Ronald Geskus for helping with the 
presentationn of the data. Gillian Cowie, Edde Loeliger, and H. 
Sauerweinn are thanked for their critical reading of the manuscript 
andd helpful comments. Most of all we are indebted to the men in 
thee cohort for participating so willingly for so long. 

91 1 



REFERENCES S 

1.. Centers for Disease Control. Revision of the CDC surveillance 
casee definition for acquired immunodeficiency syndrome. MMWR 
MorbMorb Mortal Wkly Rep 1987;36:1S-SS. 

2.. Lands L. Nutritional supplements and HIV infection. Treatment 
IssuesIssues 1992;6:1-6. 

3.. Dworkin B, Wormser GP, Rosenthal WS, et al. Gastrointeslinal 
manifestationss of the acquired immunodeficiency syndrome: a re-
vieww of 22 cases. Am J Gastroenterol 1985;80:774-8. 

4.. Chlebowski R, Grosvenor M, Bemhard N, Morales L, Bulcavage 
L.. Nutritional status, gastrointestinal dysfunction, and survival in 
patientss with AIDS. Am J Gastroenterol 1989;84:1288-93. 

5.. Zangerle R, Reibnegger G, Wachter H, Fuchs D. Weight loss in 
HIV-11 infection is associated with immune activation. AIDS 1993; 
7:175-81. . 

6.. Hogg RS, Zadra JN, Chan-Yan C, et al. Analysis of nutritional 
intakee in a cohort of homosexual men. J Acquir Immune Defic 
SyndrSyndr Mum Retrovirol I995;9:162-7. 

7.. Hommes M, Romijn J, Endert E, Sauerwein H. Resting energy 
expendituree and substrate oxidation in human immunodeficiency 
viruss (HlV)-infected asymptomatic men: HIV affects host metabo-
lismm in the early asymptomatic stage. Am J Clin Nutr 199l;54: 
311-5. . 

8.. Grunfeld C, Feingold KR. Metabolic disturbances and wasting in 
thee acquired immunodeficiency syndrome. N Engl J Med 1992-
327:329-37. . 

9.. Hecker LM, Kotler DP. Malnutrition in patients with AIDS. Nutr 
RevRev 1990;48:393-401. 

10.. Suttmann U, Muller M, Hoogestraat I, et al. Malnutrition and 
immunee dysfunction in patients infected with human immunode-
ficiencyy virus. Klin Wochenschr 1991;69:159-62. 

11.. Gorter R. Management of anorexia-cachexia associated with can-
cerr and HIV infection. Oncology 1991;5:13-7. 

12.. Ott M, Fischer H, Polat H, et al. Bioelectrical impedance analysis 
ass a predictor of survival in patients with human immunodeficien-
cyy virus infection. J Acquir Immune Defic S\ndr Hum Retrovirol 
1995;9:20-5. . 

13.. Ott M, Lembcke B. Fischer H, et al. Early changes of body com-
positionn in human immunodeficiency virus-infected patients: tet-

rapolarr body impedance analysis indicated significant malnutri-
tion.. Am J Clin Nutr 1993;57:15-9. 

14.. Kotler D, Wang J, Pierson R. Body composition studies in patients 
withh the acquired immunodeficiency syndrome. Am J Clin Nutr 
1985;42:1255-65. . 

15.. Kotler D, Tiemey A. Wang J, Pierson R. Magnitude of body-cell-
masss depletion and the timing of death from wasting in AIDS. Am 
JJ Clin Nutr 1989;50:444-7. 

16.. Parisien C, Gelinas MD, Cossette M. Comparison of anthropomet-
ricric measures of men with HIV: asymptomatic, symptomatic and 
AIDS.. J Am Diet Assoc I993;93:1404-8. 

17.. Palenicek JP. Graham NHM, He YD, et al. Weight loss prior to 
clinicall  AIDS as a predictor of survival. J Acquir Immune Defic 
SyndrSyndr Hum Retrovirol 1995;10:366-73. 

18.. Hoover DR, Graham NMH. Weight changes in HIV-1 seropositive 
andd seronegative homosexual men. Nutr Res 1992;12:297-305. 

19.. de Wolf F, Lange JMA, Houweling JTM. Numbers of CD4+ T 
cellss and the level of core antigens of and antibodies to the human 
immunodeficiencyy virus as predictors of AIDS among seropositive 
homosexuall  men. J Infect Dis 1988;158:615-22. 

20.. Koot M, Keet IPM, Vos AH, et al. Prognostic value of HIV-1 
syncytium-inducingg phenotype for rate of CD4+ cell depletion and 
progressionn to AIDS. Ann Intern Med 1993;118:681-8. 

21.. Gemen B, Kievits T, Huisman HG, Jurriaans S, Goudsmit J, Lens 
P.. Qualitative and quantitative detection of HIV-1 RNA by nucleic 
acidd sequence-based amplification. AIDS 1993;7(Suppl):S107-
Sll  10. 

22.. Guenter P, Muurahainen N, Simons G, et al. Relationships among 
nutritionall  status, disease progression, and survival in HIV infec-
tion.. J Acquir Immune Defic Syndr 1993;6:1130-8. 

23.. Macallan DC, Noble C, Baldwin C, Foskett M, McManus T, Grif-
finn GE. Prospective analysis of patterns of weight change in stage 
IVV human immunodeficiency virus infection. Am J Clin Nutr 1993; 
58:417-24. . 

24.. van Leeuwen R, van den Hurk PJ. Mulder JW, et al., Opportunistic 
diseasess as measure of immunodeficiency in HIV infection. In 
Janossyy G, Autran B, Miedema F, eds. Immunodeficiency in HIV 
infectioninfection and AIDS: EC/FERS/MRS workshop on immunodeficien-
cycy in HIV-1 infections. Basel: Karger, 1992:54-63. 

92 2 


