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LipoatrophyLipoatrophy in relation to mitochondrial DNA 

In t roduct io n n 

Losss of subcutaneous fat (lipoatrophy) in the face, extremities, and 

buttocks,, together with intra-abdominal and sometimes dorsocervical 

fatt accumulation, is an important, potentially stigmatizing, adverse 

effectt associated with antiretroviral t reatment for HIV-1 infection. 

Apartt from changes in body fat distribution, this lipodystrophy 

syndromee often includes the presence of dyslipidemia and insulin 

resistance.. [1] 

Increasingg evidence suggests that both protease inhibitors (PI) and 

nucleosidee analogue reverse transcriptase inhibitors (NRTI) contribute 

too the pathogenesis of the syndrome. [1-8] In addition, immune recovery 

resultingg from suppression of HIV-1 infection may also be involved. [9] 

NRTIss inhibit DNA polymerase-y, the key cellular enzyme regulating 

mtDNAA replication. They may thereby aggravate any prior deleterious 

effectt on mitochondrial DNA content and possibly function resulting 

fromm HIV-1 itself, which has been suggested to occur in peripheral blood 

mononuclearr cells (PBMC) obtained from patients and in tissue 

culture.[10-12]]  The various individual NRTIs markedly differ in their 

capacityy to inhibit mtDNA replication and mitochondrial function both 

inn tissue culture and animal models. [10,11,13,14] Recently, we and 

otherss have hypothesized that NRTIs may contribute to the onset of 

lipoatrophyy by inducing mtDNA depletion within peripheral adipocytes, 

ultimatelyy resulting in mitochondrial dysfunction and apoptosis of these 

cells.. [15,16] 

Severall  observational cohort studies [3,5,7], have indeed demonstrated 

thee prevalence of lipodystrophy, and particularly lipoatrophy, to be 

higherr in patients on stavudine (d4T)- compared to zidovudine (ZDV)-

containingg antiretroviral therapy. Similar results have been reported 

forr patients assessed long-term after randomization to either d4T- or 
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ZDV-basedd therapy.[17,18] All of these findings were based solely on 

clinicall  assessment of lipodystrophy by treating physicians. 

AA number of cross-sectional studies have reported mtDNA content of 

subcutaneouss fat biopsies to be lower in patients currently receiving 

NRTIss [19], and in particular dideoxynucleosides [20], than in those not 

currentlyy on NRTIs, as well as in patients with as compared to without 

clinicall  lipoatrophy. [20-22] One study showed that mtDNA content was 

lesss in peripheral adipocytes from patients currently using d4T than in 

thosee on ZDV.[23] Similar relationships have thus far not been 

demonstratedd in PBMC [20,24,25]. 

Wee comprehensively assessed the presence of lipodystrophy by both 

standardizedd clinical and radiographic means, in all traceable and 

consentingg patients several years after their participation in a 

randomizedd open-label comparative trial of first-line combination 

t reatmentt with d4T or ZDV both in combination with lamivudine (3TC). 

Employingg a novel technique for quantification of mtDNA, mtDNA 

contentt was assessed both in PBMC and in subcutaneous adipose 

t issue. . 
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Studyy des ign and part ic ipant s 

Al ll  patients in the current study had originally participated in an open 

labell  randomized controlled trial in treatment naive patients of 

standardd dose ZDV plus lamivudine (3TC) versus d4T plus 3TC, for 24 

weekss with a subsequent extension to 72 weeks, the results of which 

havee been previously published. [26,27] If plasma HIV-1 RNA at week 8 

wass found to be above 500 copies/ml, indinavir 800 mg tid could be 

addedd to the regimen from week 12 onwards. Two of the forty-seven 

randomizedd patients withdrew informed consent prior to the start of 

treatment.. Recruitment into the original study lasted from July 1996 

untill  March 1997. 

Patientss were eligible to participate in the current cross-sectional study 

iff  they had started randomly allocated study medication in the past. Al l 

tr iall  participants who could be traced were approached for participation 

regardlesss of current and past treatment. Clinical assessment was 

performedd by one study physician (MvdV) who was blinded both for the 

patient'ss current and past antiretroviral t reatment history, and for any 

historyy of changes in body appearance since the initiation of treatment. 

Thee study was conducted at and approved by the institutional review 

boardd of the Academic Medical Center in Amsterdam. Al l subjects 

providedd written informed consent. 

Assessments s 

BodyBody appearance and composition 

Thee study physician completed a standardized questionnaire to assess 

thee distribution of fat in different body regions (face, neck, arms, legs, 

buttocks,, breasts and abdomen), scoring each on a seven-point scale, 

goingg from very thin (1), thin evident to others (2), moderately thin, only 

visiblee if closely looked for (3), normal (4), moderately thick, only visible 

iff  looked for (5), thick evident to others (6), and very thick (7). Fat 
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accumulationn was defined to be present if either the neck, breasts or 

abdomenn were scored as thick or very thick (code 6 or 7). Similarly, 

lipoatrophyy was judged to be present when legs, arms, buttocks or face 

weree scored as thin or very thin (code 1 or 2). A patient was considered 

too have clinical lipodystrophy if fat accumulation and/or lipoatrophy as 

definedd above were present. In addition the presence of lipodystrophy 

wass also assessed according to a recently published lipodystrophy case 

definition.. [28] 

Waistt and hip circumference and skin fold thickness were measured at 

fourr sites (biceps, triceps, subscapular and suprailiacal) using a Holtain 

LTD CC Skinfold Caliper . Total and regional fat mass was quantified by 

dual-energyy x-ray absorptiometry (Hologic QDR-4500W, software 

versionn whole body v8.26A: 5) providing a quantitative assessment of 

peripherall  and truncal fat mass in kilograms. The ratio between 

peripherall  fat mass, defined as the sum of arm and leg fat, and total fat 

masss (total fat mass minus head fat) was calculated to adjust for 

differencess in body weight. A standardized single slice abdominal CT-

scann through the level of the fourth lumbar vertebra was performed 

fromm which the surface of total (TAT), visceral (VAT) and subcutaneous 

adiposee tissue (SAT) was determined and expressed in square 

centimeterr (cm2). The ratio between SAT: TAT was calculated to assess 

fatt distribution. 

Adherence Adherence 

Adherencee to antiretroviral medication was assessed by a self-report 

questionnaire,, as described previously. [29] 
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MitochondrialMitochondrial DNA quantification 

Nucleicc acids were isolated using the Boom method [30] from viably 

frozenn PBMC and from snap frozen subcutaneous fat biopsies, taken 

fromm the inner side of the right thigh and from the lumbar region of the 

back,, using a 4 millimeter punch biopsy needle. Prior to isolation of 

nucleicc acids PBMC were microscopically checked for contamination 

withh platelets. Using standard procedure for isolation of PBMC from 

heparinizedd blood the contamination with platelets was less than 5 

plateletss per PBMC, a level that does not alter the result of mtDNA 

quantification.. [31] Isolated nucleic acids equivalent to 3,000 cells were 

usedd as input in the amplification reaction. The amplification of both 

mtDNAA and nuclear DNA (nDNA) was performed by a real-time duplex 

Nucleicc Acid Sequence-Based Amplification (NASBA) in a single tube. 

[32,33]]  Detection of the amplification products occurred real-time by the 

usee of mitochondrial and nuclear specific molecular beacons in a 

thermostatedd fluorimeter. Reactions with mixtures of plasmids 

containingg mtDNA and nDNA in different ratios, equivalent from 20 to 

8000 copies of mtDNA per cell, were used for calibration. The mtDNA 

contentt of each sample was expressed as the number of copies of 

mtDNAA per cell (Retina™ Mitox assay, Primagen, Amsterdam, the 

Netherlands). . 

Mitochondriall  DNA was also assessed in PBMC, which had been 

obtainedd and cryopreserved in the past from all patients prior to their 

enrolmentt into the original trial. 

Stat ist icall  analysis 

Thee principle of intention-to-treat was applied in the analysis. The 

cumulativee exposure to PI as a class, and to NVP was calculated for 

eachh patient, and expressed as cumulative exposure to either in months. 
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Al ll  results listed in table 1 are compared between the treatment arms 

usingg a two-sided Student's T-test with the exception of the number of 

pat ientss in each arm exposed to PI and nevirapine, respectively, in 

whichh a Fisher's exact test was used. The presence of lipoatrophy as 

assessedd by questionnaire, and lipodystrophy according to the 

lipodystrophyy case definition, was compared between treatment arms 

wit hh the Chi-square test. 

Forr the analysis of mtDNA in PBMC and adipose tissue results were 

logarithmicallyy transformed in order to obtain normal distributions. 

Correlationn coefficients were calculated and expressed as r2 to evaluate 

anyy relation between mtDNA in PBMC or fat biopsies on the one hand, 

andd the percentage peripheral fat by DEXA scan as well as the ratio of 

subcutaneouss adipose tissue (SAT) over total adipose tissue (TAT) by 

CT-scan,, on the other hand. Al l results are expressed as medians and 

interquart i lee ranges (IQR). 

Rolee of th e fund in g source 

Thee funding source of the study had no role in study design, data 

collection,, data analysis, data interpretation, or in the writing of the 

report. . 
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Results s 

PatientPatient characteristics and treatment disposition 

Twenty-eightt of the 45 patients who had started randomized treatment 

inn the past could be enrolled. Seven patients had moved and could not 

bee traced (5 patients from the ZDV- and 2 from the d4T-arm) and 10 did 

nott consent to the current protocol (7 patients from the ZDV- and 3 from 

thee d4T-arm). At the time of randomization those participating in the 

currentt study did not differ with respect to gender, age, BMI , CD4-cell 

countt and plasma HIV-1 RNA from patients not presently participating 

(dataa not shown). Seventy-seven percent of those randomized to d4T (n 

== 17) participated in the current study as compared to 48% of patients 

randomizedd to ZDV (n = 11) (p=0.04). These two latter groups of 

patientss did not differ significantly in age, BMI , CD4-cell count and 

HIV- 11 RNA viral load at the time of enrollment in the original trial 

(d4T-vs.. ZDV: median age 40 (34 - 51) vs. 36 years (32-46); BMI 23.0 

(21.33 - 24.2) vs. 23.2 kg/m2 (21.6 - 24.4): CD4 - cell count 400 x 106 (260 

-- 440) vs. 300 x 106 cell/mm3 (250 - 420), and HIV-1 RNA 5.0 (4.3 - 5.1) 

vs.. 5.0 logio copies/ml (4.4 - 5.1). Al l patients were clinically stable at 

thee time of the current assessment. 

Inn the d4T-arm the median cumulative exposure to d4T was 51 months. 

Inn 15 of the 17 patients treatment had been intensified with a protease 

inhibitorr (PI). Two of the 17 patients in the d4T-arm continued 

treatmentt with just d4T/3TC and maintained adequate virus 

suppression.. One of the patients in the d4T-arm, 11 months prior to the 

currentt study, switched to a ZDV-based regimen because of 

lipodystrophyy following 47 months of t reatment with d4T. At the time of 

thee current assessments 9/15 patients in the d4T-arm were still 

receivingg a Pi-based regimen. In 5/15 of the other patients their PI had 

beenn replaced by the non-nucleoside reverse transcriptase inhibitor 

(NNRTI)) nevirapine for a median duration of 24 months. The one 
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remainingg pat ient discontinued all antiretroviral t reatment 26 months 

priorr to the current assessment. 

Figur ee 1 Histogram of complete antiretroviral treatment history of all 28 patients from 
thee time of randomisation in the original clinical trial until inclusion in the current cross-
sectionall study. 
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I nn the ZDV-arm (n= l l ) the median cumulative exposure to ZDV was 50 

monthss (p = 0.34 when compared to the cumulative d4T-exposure in the 

d4TT arm). In all 11 patients treatment was intensified with a PL Two of 

thee 11 patients in the ZDV-arm switched to a d4T-based regimen after 

100 and 31 months of exposure to ZDV, respectively. At the time of the 

currentt assessment 3/11 patients were being treated with a Pi-based 

regimen.. The 8 remaining patients had replaced their PI by nevirapine 

(pp = 0.05 when compared to the d4T arm) a median of 19 months prior 

too being assessed for the current study. One of these 8 patients 

discontinuedd all antiretroviral therapy 2 months prior to the current 

study.. The complete treatment history of all patients is shown in figure 

1. . 

BodyBody appearance, body composition and metabolic assessments (Table 1) 

Byy questionnaire, 14 out of 17 patients (82%) originally randomized to 

thee d4T-arm were considered to have lipoatrophy, compared to only 1 

outt of 11 patients (9%) in the ZDV-arm (p = 0.0001). Two of the patients 

wit hh lipoatrophy in the d4T-arm compared to none in the ZDV-arm were 

alsoo scored as having fat accumulation. None of the patients were 

judgedd to have lipodystrophy solely because of fat accumulation without 

lipoatrophy.. Similarly, when using the recently published lipodystrophy 

casee definition, significantly more patients allocated to d4T were scored 

ass having lipodystrophy. (88% vs. 45%, p = 0.03). The presence or 

absencee of lipodystrophy according to both methods is shown for each 

individuall  patient in figure 1. With respect to patients in whom Pis had 

beenn replaced by nevirapine, all 5 patients in the d4T arm were scored 

ass having lipoatrophy, compared to only one of 8 patients in the ZDV-

arm. . 

Pat ientss randomized to the d4T- arm had both significantly less 

peripherall  fat by DEXA scan (p= 0.005), and less SAT CT-scan (p = 

0.04).. Consistently, they also had lower peripheral over total fat 

(p=0.04)) ,lower SAT/ TAT ratios (p = 0.005), and smaller skin-folds by 
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antropometryy at the level of the biceps and triceps (p = 0.002 and p = 

0.02,, respectively). There was no relation between the cumulative 

exposuree to PI and NVP, respectively, (figure 2) and the amount of 

peripherall  fat by CT- and DEXA-scan. Treatment adherence did not 

differr significantly between patients in the two groups, (data not 

shown). . 

Figur ee 2 Assessment of peripheral fat both by DEXA and CT scan in relation to 
cumulativee exposure to protease inhibitor (PI) and nevirapine (NVP), respectively 
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Tablee 1: Body appearance, body composition and metabolic assessments of 
participantss from current study 

Agee (yrs) 

BMII (kg/m2) 

Patientss still on randomized NRTI 
backbone(n) ) 

-- cum. exp to d4T (months/pt.) 

-- cum. exp. to ZDV (months/pt.) 

Patientss exposed to Pis (n) 

-- cum. exp. to Pis (months/pt.) 

Patientss exposed to NVP (n) 

-cum.. exp. to NVP (months / pt.) 

%% pt. HIV-1 RNA <50 c/ml 

CD4-celll count (x106 /mm3) 

Platelett count (x 109/l) 

Noo (%) pt with lipodystrophy 
accordingg to questionnaire 
Noo (%) pt with lipodystrophy 
accordingg to case def score 

Waistt to Hip ratio 

bicepss circumference (mm) 

tricepss circumference (mm) 

suprailiacall circumference (mm) 

Subscapularr circumference (mm) 

SATT (cm2) 

VATT (cm2) 

SAT:TAT T 

peripherall fat in kg (DEXA) 

peripherahtotall fat (DEXA) 

%% total fat DEXA 

mtDNAA content / cell in 
PBMCC at baseline 

mtDNAA content / cell in 
PBMCC current study 

mtDNAA content / cell in 
fatt biopsies from the back 

mtDNAA content / cell in 
fatt biopsies from the leg 

lactatee (mmol/l) 

D4T-arm(nn = 17) 

444 (39 - 55) 

22.8(21.8-23.8) ) 

15 5 

511 (49-54) 

11 1 

15 5 

455 (24 - 48) 

5 5 

24(17-25) ) 

71% % 

690(510-780) ) 

226(176-242) ) 

14(82%) ) 

15(88%) ) 

0.94(0.91-0.97) ) 

411 (36-46) 

522 (44 - 65) 

811 (68- 101) 

142(118-158) ) 

755 (54 - 95) 
(n=16) ) 

142(91-208) ) 
(n=16) ) 

0.35(0.30-0.44) ) 
(n=16) ) 

2.4(1.9-3.2) ) 

0.33(0.27-0.38) ) 

13.2(12.6-16.8) ) 

3622 (300 - 464) 

96(84-118) ) 

5711 (440 - 760) 
(nn = 15) 

488(3877 - 748) 
(n=15) ) 

1.3(1.0-1.9) ) 

ZDV-arm(n=11) ) 

400 (37 - 50) 

23.0(21.0-24.7) ) 

8 8 

322 (22 - 43) 

500 (45 - 53) 

11 1 

311 ( 21 - 53) 

8 8 

19(17-26) ) 

64% % 

620(450-710) ) 

219(202-259) ) 

11 (9%) 

55 (45 %) 

0.955 (0.93-1.04) 

600 (44 - 75) 

733 (58 - 94) 

146(1111 -186) 

132(105-191) ) 

1311 (105-149) 

136(78-202) ) 

0.50(0.411 -0.62) 

4.8(3.2-6.3) ) 

0.377 (0.34 - 0.49) 

18.4(14.0-25.7) ) 

3222 (248 - 452) 

120(108-147) ) 

7077 (542 - 802) 
(nn = 8) 

7022 (599 - 748) 
(nn = 8) 

1.11 (0.7-1.3) 

p-value e 

0.4 4 

0.98 8 

0.51 1 

0.05 5 

0.7 7 

0.4 4 

0.44 4 

0.0001 1 

0.03 3 

0.42 2 

0.002 2 

0.02 2 

0.001 1 

0.28 8 

0.04 4 

0.48 8 

0.005 5 

0.005 5 

0.04 4 

0.17 7 

0.39 9 

0.02 2 

0.23 3 

0.12 2 

0.34 4 

d4T:: stavudine; ZDV: zidovudine; n: number of participants; yrs: years; kg: kilogram; m2: meter square; cum. 
exp.:: cumulative exposure; pt: patient; c/ml: copies per milliliter; mm3:cubic millimeter; mmol/l: millimol per 
liter;; fat ace: fat accumulation; mm: millimeter; SAT: subcutaneous adipose tissue; cm2: square centimeter; 
VAT:: visceral adipose tissue; TAT: total adipose tissue; SAT:TAT:the ratio of SAT over TAT; kg: kilogram; 
DEXA:: dual-energy x-ray absorptiometry; mtDNA: mitochondrial DNA; PBMC: peripheral blood mononuclear 
cells:: mmol/l: millimol per liter; t: time; min.: minutes; pmol/l: picomol per liter; Results expressed as medians 
withh interquartile ranges. 
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MitochondrialMitochondrial DNA 

Thee median mtDNA content in PBMC cryopreserved prior to initiation 

off  antiretro viral therapy did not differ between treatment arms for 

patientss included in the current study, (table 1) Likewise, at 

randomisationn there was no difference in PBMC mtDNA content 

betweenn patients who were and were not included in the current study 

(dataa not shown; p =0.97). In both arms mtDNA in PBMC at the time of 

thee present study was significantly lower compared to before the start of 

treatment.. In the d4T arm the calculated proportional mtDNA decrease 

inn PBMC was significantly greater when compared to the ZDV arm 

(73%% (67-79) versus 63% (56 -73), p =0.01, respectively), resulting in 96 

copies/PBMCC in the d4T arm and 120 copies/PBMC in the ZDV arm (p = 

0.02).. The amount of mtDNA per cell in the subcutaneous adipose tissue 

biopsiess taken both from the thigh (p=0.12) and back (p=0.23) did not 

differr significantly between the d4T- and the ZDV-arm. The patients 

withh -as opposed to those without- lipoatrophy according to our 

questionnaire,, had significantly lower mtDNA content in PBMC (p = 

0.002),, but not in subcutaneous fat biopsies taken from either the thigh 

orr back (Figure 3). 

AA significant, but modest, inverse relation was found between the 

amountt of mtDNA in PBMC (r2 = 0.30, p = 0.003) as well as in biopsies 

fromm the thigh (r2 = 0.31, p = 0.007), but not from the lower back, on the 

onee hand, and the severity of lipoatrophy assessed by CT-scan 

(SAT/TAT)) on the other hand. Similar relations both for PBMC (r2 = 

0.15,, p = 0.04) and thigh biopsies (r2 = 0.17, p = 0.049) were observed 

whenn fat distribution was assessed by DEXA scan and expressed as the 

percentagee peripheral of total body fat. 

Thee mtDNA content in PBMC correlated significantly with mtDNA 

contentt in the biopsies taken from the back (r2 = 0.36, p = 0.002), but not 

withh those taken from the thigh (r2 = 0.076, p = 0.2). There was no 

significantt relation between mtDNA content of fat biopsies taken from 
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thee thigh and back, respectively (r2 = 0.14, p = 0.08). 

Figur ee 3 Mitochondrial DNA content in PBMC, as well as in thigh and back 
subcutaneouss adipose tissue biopsies at the time of the current study, both according 
too randomly allocated treatment and according to the presence or absence of 
lipoatrophyy as determined by standardized questionnaire 
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Subcutaneouss fat biopsies from the thigh and back were available from 15/17 patients in the d4T arm 
andd from 8/11 patients in the ZDV-arm. 
PBMC:: peripheral blood mononuclear cells; leg: subcutaneous fat biopsies taken from the thigh; back: 
subcutaneouss fat biopsies taken from the lumbar region of the back; d4T: stavudine; ZDV: zidovudine; 
y-axiss mitochondrial DNA copies per cell; atrophy: the presence of lipoatrophy according to the 
questionnaire. . 
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Discuss ion n 

Previouss studies have found NRTIs to contribute to the development of 

ART-associatedd lipodystrophy, and lipoatrophy in particular. These 

reportss were based on assessment of changes in body appearance by 

physicianss and patients. [1-8,17,18] In most of these studies, the use of 

stavudinee was associated with a greater risk of developing lipoatrophy, 

whenn compared to that of zidovudine. Our study confirms these 

observationss in a group of patients who on average 4 years before had 

beenn randomly allocated to initiate antiretroviral t reatment containing 

stavudinee or zidovudine, and who at the time of assessment had been 

exposedd for the same length of time to either of these two NRTIs. A 

singlee physician, blind to patients' prior and current antiretroviral 

t reatmentt history, judged significantly more patients allocated to 

stavudinee as having lipodystrophy and more specifically lipoatrophy. 

Importantly,, clinical judgement was confirmed by objective 

measurementss of body fat distribution. DEXA- and CT-scan both 

demonstratedd patients who had been randomized to stavudine- as 

opposedd to zidovudine-containing therapy to have significantly less 

peripherall  fat, both in absolute terms and when measured relative to 

totall  body fat. The difference between patients allocated to stavudine or 

zidovudinee was likewise noted when patients were assessed according to 

aa recently published validated case definition of lipodystrophy [28]. 

Interestingly,, when using this definition more patients (5 on zidovudine 

butt only one on stavudine) were scored as having lipodystrophy than 

whenn judged by one of the participating physicians (MvdV). This may 

implyy that the validated case definition has a greater ability to diagnose 

patientss with lipodystrophy of lesser severity. Our finding that this 

appliedd particularly to patients on zidovudine seems to be consistent 

withh recently presented results from two prospective longitudinal 

studiess showing that objectively measured loss of peripheral fat is a 

graduallyy progressive phenomenon, which does occur both in patients 

onn zidovudine- and stavudine-containing ART, but is less severe and of 

slowerr onset in the former. [34,35] 
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Lipoatrophyy severity, assessed both by DEXA- and CT- scan, showed a 

statisticallyy significant inverse correlation with the mtDNA content in 

subcutaneouss adipose tissue from the thigh and in PBMC. This could 

bee interpreted as evidence that NRTI-induced mitochondrial DNA 

depletionn of adipose tissue is causally linked to the development of 

lipoatrophy.. However, both in view of the modest correlation observed 

andd the lack of a significant difference in mtDNA content of adipose 

t issuee from a clinically markedly affected site such as the thigh between 

pat ientss with or without lipoatrophy, one could also argue that any such 

causall  relationship could at most be partial. Similar reasoning may be 

appliedd when interpret ing the lack of difference in mtDNA content of 

adiposee tissue from patients allocated to stavudine or zidovudine, in 

spitee of the lipoatrophy prevalence being highly significantly different 

betweenn both groups. Differing from our results, two studies did report 

aa lower mtDNA content of adipose tissue in patients with as opposed to 

thosee without lipodystrophy. [19,22] Those findings may however have 

beenn biased by the fact that in both studies patients with lipodystrophy 

hadd been exposed significantly longer to NRTIs than those without 

lipodystrophy. . 

I nn contrast to what was found in adipose tissue, the mtDNA in PBMC 

wass significantly lower, both in those with compared to without 

lipoatrophyy (p=0.002) and in those allocated to stavudine as opposed to 

zidovudinee (p=0.02). MtDNA in PBMC had decreased significantly in 

bothh treatment groups compared to before the initiation of 

antiretrovirall  therapy, with the proportional decrease from baseline 

beingg 73% for patients on stavudine versus 63% on zidovudine (p=0.01). 

Ourr study has several possible limitations. First, the cross-sectional 

naturee does not allow an assessment of changes in either fat 

distributionn or mtDNA content of adipose tissue from before treatment. 

Second,, only 62% of patients recruited into the original clinical trial 

weree included in the current study. They did however not differ 
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significantlyy before the start of t reatment from those not presently 

includedd with respect to demographic characteristics and markers of 

HIV- 11 disease progression. Furthermore, more patients were included 

whoo had originally been allocated to stavudine than to zidovudine (77 

versuss 48%). This difference however largely resulted from more 

patientss in the ZDV-arm having moved who thereby could not be traced 

(21%% versus 9% in the d4T - arm). Third, more patients in the d4T-arm 

maintainedd the PI in their regimen and did not switch to nevirapine, as 

comparedd to those in the ZDV-arm (p =0.05). In view of earlier reports 

suggestingg that Pis as a class are involved in the development of 

lipodystrophy[1,4,5,7],, this could have contributed to the difference in 

lipodystrophyy prevalence observed between both patient groups. There 

wass however no significant difference in the median duration of 

exposuree to Pis between the two patient groups, and no relation was 

demonstratedd between the duration of exposure to either PI or NVP and 

peripherall  fat mass assessed by CT- and DEXA-scan (Figure 2). 

Nevertheless,, given the cross-sectional nature of the study we cannot 

rulee out that the different degree of replacing PI by NVP may have 

contributedd to the difference in lipoatrophy observed between both 

groups.. However, the finding that all 5 patients in the d4T-arm who 

replacedd PI by nevirapine were judged to have lipoatrophy as compared 

too only one of 8 patients in the ZDV-arm, does support the notion that 

d4TT is associated with a higher risk of lipoatrophy development than 

zidovudine.. Finally, mtDNA was assessed in subcutaneous adipose 

tissuee samples without the prior removal of cells other than adipocytes, 

includingg stromal and vascular cells. The relative abundance of such 

cellss together with the proliferation of mitochondria within remaining 

adipocytess in subcutaneous adipose tissue from patients on stavudine, 

ass recently reported by Nolan et al[23], may have confounded the 

assessmentt of mtDNA content within actual adipocytes in our study. 

Inn conclusion, our study in a group of patients who had been randomly 

allocatedd to treatment provides objective confirmation for regimens 

containingg stavudine to be associated with a greater risk of lipoatrophy 
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comparedd to those containing zidovudine. They also indicate that 

mtDNAA depletion in PBMC and lipoatrophy are likely to both be NRTI-

associatedd phenomena, and to generally be more severe in patients on 

stavudine.. The lack of observing a significantly reduced mtDNA content 

inn adipose tissue from patients allocated to stavudine and from those 

wit hh lipoatrophy may have been confounded by a relative 

preponderancee of stromal-vascular tissue in the subcutaneous tissue 

sampless from these patients, combined with compensatory 

mitochondriall  proliferation in their remaining fewer adipocytes. 

Preferentiall  mitochondrial DNA depletion within adipocytes of patients 

onn stavudine having undergone apoptosis thereby resulting in 

lipoatrophyy may thus have been masked. 

However,, our results may also indicate that the difference in risk of 

l ipoatrophyy between NRTIs may not solely be explained by differences 

inn mitochondrial DNA depletion directly at the level of peripheral 

adiposee tissue. 
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