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effectseffects of PI discontinuation on glucose and lipid metabolism 

I n t r o d u c t i on n 

Theree have been numerous reports on the emergence of metabolic 

disturbancess related to antiretroviral t reatment of HIV-1 infection. [1-5] 

Thesee involve a lipodystrophy syndrome consisting of peripheral fat loss 

withh or without central fat accumulation, hyperlipidemia and 

disturbancess in glucose metabolism. Both nucleoside reverse 

transcriptasee inhibitors (NRTIs) and the protease inhibitors (Pis), have 

beenn implicated in the pathogenesis of the syndrome. [1-4,6-9] 

Lipodystrophyy HIV-1 infected patients using Pis have severe insulin 

resistancee with respect to the peripheral uptake of glucose. 

Furthermore,, fasting glucose production was increased and there was 

hepaticc insulin resistance with respect to the suppressive effects of 

insulinn on glucose production, compared to both healthy volunteers and 

too untreated HIV-1 infected patients [10-14]. Administration of a single 

dosee of the PI indinavir to healthy volunteers resulted in an acute, but 

transient,, decrease in insulin sensitivity. [15] 

Accordingly,, in vitro experiments have undisputedly shown that certain 

off  the Pis impair glucose transport by the inhibition of the intrinsic 

activityy of the glucose transporter GLUT-4.[16,17] The effect of the 

withdrawall  of Pis on glucose metabolism in HIV-1 infected patients 

withh LD, who have been long-term exposed to Pis has not been precisely 

delineated.. Two small studies using either fasting plasma glucose, 

insulinn or an intravenous insulin tolerance test have reported an 

improvementt [18,19], whereas another study reported no changes in 

glucosee metabolism [20]. With respect to whole body lipolysis glycerol 

turnoverr in patients with lipodystrophy using Pis is increased to the 

samee extent as in untreated HIV-1 infected patients.[12,21] No studies 

havee yet described the effects of PI withdrawal on lipolysis. 

Inn addition to direct effects of Pis on glucose metabolism 

maldistributionn of fat is likely to have direct effects on glucose 
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metabolism,, as was clearly demonstrated in HIV-1 uninfected patients 

sufferingg from congenital lipodystrophy syndromes. [22] Moreover, in a 

severee lipoatrophic insulin-resistant murine model the subcutaneous 

implantat ionn of autologous fat resulted in an almost complete reversal 

off  insulin resistance.[23] 

Therefore,, an important question in HIV-associated lipodystrophy 

concernss the extent to which Pis per se contribute to the disturbances in 

glucosee metabolism once treatment-induced changes in fat distribution 

havee been established. In order to answer this question, we conducted a 

prospectivee study in HIV- 1 infected patients with severe lipodystrophy, 

who,, at the time of inclusion, were using Pi-based therapy. The 

differentt components of glucose metabolism as well as lipolysis were 

evaluatedd by hyperinsulinemic glucose clamp both prior and 96 weeks 

followingg the replacement of the P is in their regimen by the NRTI 

abacavir.. Furthermore, any changes in fat distribution were objectified 

byy DEXA and CT scan. 
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Subjectss and Methods 

HIV- 11 positive men with lipodystrophy were studied, who were included 

inn the 'Reverse' study. The main objective of this study was to assess the 

reversibilityy of the various components of the lipodystrophy syndrome in 

HIV- 11 infected patients following replacement of the Pi-component in 

patients'' antiretroviral regimens by the nucleoside reverse transcriptase 

inhibitorr abacavir. Patients could be referred for the study if they had 

lipodystrophyy in the opinion of their t reat ing physician. Prior to being 

includedd this had to be independently confirmed by two of us (MvdV; 

PR)) based on medical history and physical examination. Lipodystrophy 

wass defined as the presence of peripheral lipoatrophy, central fat 

accumulationn or a combination of both. Furthermore, patients had to 

usee a Pi-containing regimen with a plasma HIV-1 RNA level having 

beenn below 400 copies per millilitr e for at least 6 months. Patients with 

diabetess mellitus, defined as having a fasting glucose concentration 

abovee 7.0 mmol/1, were excluded. [24] 

Sixx weeks after having added abacavir (300mg, two times daily) to their 

currentt regimen, patients were randomized to either discontinue their 

PII  immediately, or continue these for another 12 weeks and then stop. 

Att five timepoints during the course of the study an euglycemic 

hyperinsulinemicc glucose clamp was performed (at the time of 

randomisationn = week 0 and 12, 36, 72 and 96 weeks following the 

randomisation).. Fat distribution was assessed at study entry and at 

weekk 96. 

Thee first participant was included in December 1999 and the last 

reachedd week 96 in February 2003. Al l participants used a balanced 

diet,, containing at least 250 gr carbohydrates three days prior to each 

metabolicc study, and were instructed to try to maintain their current 

weight.. The study was approved by the institutional review board of the 
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Academicc Medical Center in Amsterdam. Written informed consent was 

obtainedd from all participants prior to study entry. 

HyperinsulinaemicHyperinsulinaemic euglycaemic clamp protocol (figure 1) 

Subjectss were admitted to the metabolic clinical research center and 

studiedd in the supine position. Following a 12 hour fast, a catheter was 

insertedd in the antecubital vein of each arm. One catheter was used for 

samplingg of arterialized blood using a heated handbox (60 °C). The 

otherr catheter was used for infusion of [6,6-2H2J-glucose, glucose 20%, 

[2Hs]-glyceroll  and insulin. At 09.00 hrs. (t= - 2 hr.), after drawing a 

bloodd sample for background enrichment of plasma glucose and glycerol, 

aa continuous infusion of [6,6-2H2]glucose (>99 % enriched, Cambridge 

Isotopes,, Ma, US) was started at a rate of 0.22 umol-kg^min1 after a 

primingg dose was administered which equaled 80 minutes of infusion. 

A tt 10.00 hr (t = -1 hr) continuous infusion with pHö]-glycerol at 0.11 

umol// kg/min was started after a priming dose of 1.6umol/kg. At t = + 0, 

10,, 20 and 30 minutes blood samples were drawn for determination of 

basall  endogenous glucose production and basal glycerol turnover. 

Subsequently,, at t= + 30 minutes a primed continuous infusion of 

insul inn (Actrapid 100 EH/mL, Novo Nordisk Farma B.V., Alphen ad 

Rijn,, The Netherlands) was started for 2.5 hours at a rate of 20 m U m2 

bodyy surface area-min1. Plasma glucose concentration was measured 

everyy 5 minutes (Beekman glucose analyzer 2, Palo Alto, CA, US) and 

glucosee 20% was infused at a variable rate to maintain plasma glucose 

att 5.0 mmol/L. [6,6-2H2] glucose was added to the 20 % glucose solution 

too achieve glucose enrichments of 2 % to minimize changes in isotopic 

enr ichmentt due to changes in the infusion rate of exogenous glucose, 

andd thus to allow for accurate quantification of endogenous glucose 

production.. [25,26]. The last hour of insulin infusion every 10 minutes 

bloodd samples were drawn for determination of endogenous glucose 

productionn and glycerol turnover. During the study subjects were only 

allowedd to drink water. 
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Figur ee 1 Hyperinsulinaemic euglycaemic clamp protocol 

glucosee 20% + 2% 6,6-D 2-glucose (variabel) 

insulinn 20 mU/m2/min 

D5-glyceroll : bolus 1,6 f.imol/kg + continue 0,11 nmol/kg/min 

6,6-D2-glucose:: bolus 17,6 umol/kg + continue 0,22 ^mol/kg/min 

t=-2 2 tt  = 0 t == + 0.5 tt = +2 tt  =2.5 

tt u t 
tt t 

tt t t t t t t 
rr  t 

Plasmaa collection 
forr isotopes 

Plasmaa collection 
forr hormones 

tt = -2 hrs = 09.00 am; The bars represent continuous infusion from that time onward. 6,6 D2 glucose: 
[6,6-2H2]] glucose; u.mol: micromol, kg: kilogram, min: minute D5-glycerol: [2H5]-glycerol; ml): milliUnits; 
m2:: square meter; hr: hours 

IndirectIndirect calorimetry 

Oxygenn consumption (VÖ2) and CO2 production (VCO2) were measured 

byy indirect calorimetry using a ventilated hood system (Sensormedics 

modell  2900, Anaheim, Ca). VO2 and VCO2 were measured continuously 

duringg the final 30 min of both the basal and the hyperinsulinemic 

periods. . 

BodyBody composition 

Totall  as well as regional fat mass was quantified in all patients by dual-

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

wholee body v8.26A: 5) providing a quantitative assessment of peripheral 

andd truncal fat mass in kg. The ratio between peripheral fat mass, 

definedd as the sum of arm and leg fat, and total fat mass (total fat mass 

minuss head fat) was calculated to adjust for differences in body weight. 
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AA standardized single slice abdominal CT-scan through the level of the 

fourthh lumbar vertebra was performed from which the surface of total 

(TAT),, visceral (VAT) and subcutaneous adipose tissue (SAT) was 

determinedd and expressed in square centimeter (cm2). The ratio 

betweenn SAT: TAT was calculated to assess fat distribution. 

AnalyticalAnalytical procedures 

Plasmaa insulinconcentration was determined by a radioimmuno-assay 

(Insulinn RIA 100, Pharmacia Diagnostic AB, Uppsala, Sweden, intra-

assayy coefficient of variation (c.v.): 3-5 %, inter-assay c.v: 6-9 %, 

detectionn limit : 15 pmol/L). Plasma samples for plasma catacholamine 

concentrationss and enrichments of [6,ö^Eb] glucose and [2Hs]-glycerol 

weree determined as described before. [10,12] Cortisol was determined 

wit hh a competative chemiluminescent immuno assay (Immulite, 

Diagnosticc Products Corporation, Los Angeles, USA). 

Calculations Calculations 

Endogenouss glucose production, total glucose disposal were calculated 

byy non steady state Steele equations as described previously{10] 

Steele'ss equation for steady state conditions as adapted for the use of 

stablee isotopes were used to calculate glycerol Rate of appearance (Ra). 

[12] ] 

Glucosee oxidation was calculated from V02, VC02. [27] Non-oxidative 

glucosee disposal was calculated as the difference between total glucose 

disposall  and glucose oxidation. Both glucose oxidation and non-

oxidativee glucose disposal are expressed as percentage of total glucose 

disposall  to adjust for differences in the total glucose disposal. 
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StatisticalStatistical analysis 

Inn a first analysis, the early changes in glucose disposal, endogenous 

glucosee production, and lipolysis following PI withdrawal were 

evaluated.. For this analysis, using Student's t-test, the changes in these 

parameterss between week 0 and week 12 were compared between the 

participantss randomized to immediate discontinuation of PI and those 

inn whom discontinuation of PI was deferred for 12 weeks. Patients who 

weree discontinued from the study prior to week 12 were excluded from 

alll  analyses. 

Forr the main analysis of the long-term effects of PI withdrawal on 

glucosee metabolism, lipolysis and fat distribution all participants were 

evaluatedd as their own control after they had discontinued their PI 

medication.. In case of study termination or reinstitution of PI, after 

weekk 12, but prior to week 96, a last-value carried forward strategy was 

applied.. For each parameter the difference was calculated between last 

observationn and the time of PI withdrawal. Subsequently, 95% 

confidencee intervals were calculated. Data are presented as means with 

standardd deviations or medians and interquart i le ranges where 

appropriate. . 
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Resul ts s 

PatientPatient characteristics at entry and patient disposition 

Thee mean age of the patients included was 47  8 years. The mean 

weightt was 77  15 kg at study entry and did not change significantly 

overr t ime. Al l pat ients had HIV-1 viral loads below 50 copies/ml at the 

t imee of study entry. At study entry, the mean CD4 cell count was 509

2266 cells /mm3. Antiretroviral drug history, details of the regimens used, 

andd body fat composition at study entry for each of the patients are 

shownn in Table 1. 

Tablee 1 Current and prior antiretroviral treatment (ART) of the nine subjects and 
changess in body fat at study entry 

Iff not explicitly mentioned 
standardd dosage is being 
used,, bid: twice-daily, tid: 
threee times-daily, qd: once 
daily.. ZDV: zidovudine 300 
mgg bid, 3TC: lamivudine 
1500 mg bid, d4T:stavudine 
400 mg bid, ddl: didanosine 
4000 mg qd, ddC: zalcitabine 
0,755 mg tid, RTV: ritonavir, 
IDV:: indinavir, SQV: 
saquinavir,, NFV: nelfinavir. 
atrophy:: peripheral 
lipoatrophy,, accumulation: 
centrall fat accumulation 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

curren tt  ART 
regime n n 

ZDV/3TC/RTV V 
(1000 mg bid) /IDV 

(8000 mg bid) 

d4T/3TC/NFV V 
(12500 mg bid) 

d4T/3TC// RTV 
(4000 mg bid) 

/SQVV (400 mg bid) 

d4T/3TC/ / 
IDV(800mgtid) ) 

d4T/3TC// RTV 
(1000 mg bid) / 

IDVV (800 mg bid) 

d4T/3TC// NFV 
(12500 mg bid) 

d4T// 3TC/ IDV 

ZDV/3TC// RTV 
(4000 mg bid)/ 

SQVV (400 mg bid) 
d4T/3TC// RTV 
(1000 mg bid) / 

IDVV (800 mg bid) 

2 2 

28 8 

37 7 

34 4 

14 4 

17 7 

22 2 

1 1 

14 4 

previousl y y 
usedd ART 

ZDV/ddl// IDV 

none e 

none e 

ZDV/ddC/IDV/ / 
NFV V 

RTV/SQV/IDV V 

ZDV V 

d4T T 

none e 

bod yy fat 
change s s 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

atrophyy only 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

accumulation n 
andd atrophy 

156 6 



effectseffects of PI discontinuation on glucose and lipid metabolism 

Patientt 1 was excluded from the entire analysis because of an increase 

inn plasma HIV-1 RNA 7 weeks after the withdrawal of PI necessitating 

reinstitutionn of Pi-containing antiretroviral therapy (new regimen 

d4T/ddI/3TC/RTV/IDV)) prior to week 12. Patient 5 had to restart PI 

containingg therapy because of virological failure at week 36 of the study 

(neww regimen ddI/3TC/EFV/LPV/RTV). In both patients, soon after the 

reintroductionn of PI, the plasma HIV-1 RNA load became undetectable 

Tabl ee 2 Patient characteristics while on protease inhibitors (PI) and after PI- withdrawal 

Weightt (kg) 

BMII (kg/m2) 

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

CD4-celll count (x10 6/mm3) 

Glucosee (mmol/l) 

Totall cholesterol (mmol/l) 

HDL-cholesteroll (mmol/l) 

LDL-cholesteroll (mmol/l) 

triglyceridess (mmol/L) 

basall insulin (pmol/l) 

insulinn during clamp (pmol/l) 

Cortisoll (nmol/l) 

epinephrinee (nmol/l) 

norepinephrinee (nmol/l) 

SATT (cm2) 

VATT (cm2) 

Thee ratio of SAT over TAT 

Totall amount of peripheral 
fatt in kg 
Percentagee peripheral fat of 
totall body fat (%) 

withh protease 
inhibitors s 

(nn = 8) 

77(15) ) 

24.0(4.1) ) 

100% % 

5099 (226) 

5.22 (0.6) 

6.3(1.6) ) 

0.92(0.11) ) 

3.22 (0.78) 

4.66 (3.0) 

877 (52) 

2244 (95) 

369(114) ) 

0.17(0.11) ) 

2.0(1.3) ) 

799 (20 - 209) 

197(172-309) ) 

0.25(0.1-0.38) ) 

3.77 (2.9) 

29.11 (5.8) 

afterr protease 
inhibitor r 

withdrawal l 
(nn = 8) 

78(16) ) 

24.5(4.1) ) 

100% % 

5666 (200) 

5.33 (0.6) 

4.6(1.0) ) 

1.03(0.32) ) 

2.55 (0.62) 

2.4(1.4) ) 

77(51) ) 

2388 (87) 

304304 (79) 

0.16(0.09) ) 

1.3(0.6) ) 

144(23-161) ) 

207(149-234) ) 

0.41(0.16-0.42) ) 

4.00 (2.4) 

29.99 (5.0) 

absolutee change 

+1.88 (-0.3-+3.8) 

+0.55 ( -0 .1 - +1.1) 

+588 ( + 11 -+104) 

+0.22 (-0.3 - +0.6) 

-1.77 (-2.3--1.2) 

+0.100 (-0.1 - +0.3) 

-0.733 ( -1 .2 - -0.2) 

-2.22 ( -3 .7- -0.8) 

-100 ( - 3 4 - +15) 

++ 14 ( - 4 6 - +75) 

-644 ( -153- +25) 

-0.011 (-0.1 - +0.07) 

-0.77 ( -1 .5- +0.02) 

+100 (-24-+44) 

-388 ( -85-+10) 

+0.06(-0.02-+0.14) ) 

+0.244 (-0.55-+1.0) 

+0.88 ( -1 .9 - +3.6) 

Alll parameters are expressed as mean (standard deviation) unless other wise noted. 
Thee absolute changes after protease inhibitor withdrawal are expressed as mean (95% confidence 
interval).. SAT, VAT and the ratio of SAT over TAT are expressed as median and interquartile ranges; 
n:: number of patients; kg: kilograms; BMI: body mass index; m2: square meter; pt. Patients; mm3: 
cubicc millimeter; mmol/l: millimol per liter; pmol/l: picomol per liter; nmol/l: nanomol per liter; SAT: 
subcutaneouss adipose tissue; VAT: visceral adipose tissue; TAT: total adipose tissue 
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again.. Patient 6 died at home, possibly from an acute myocardial 

infarction,, a few weeks after his week 36 study visit. In none of the 

remainingg pat ients antiretroviral therapy was changed during follow 

up. . 

Theree were no statistically significant changes in basal insulin, glucose, 

catecholaminess and Cortisol concentrations over time. In contrast, 

p lasmaa total-, LDL-cholesterol and triglyceride concentrations had 

decreasedd significantly after PI withdrawal. (Table 2) 

BodyBody composition (Table 2) 

Thee study physician (MvdV) and the patients noted no significant 

improvementss in fat distribution over time. This was confirmed by 

wholee body DEXA scans that showed no improvement either in absolute 

totall  peripheral fat mass or peripheral fat expressed as proportion of 

totall  fat. In addition, CT scans showed no significant changes in either 

viscerall  (VAT) and subcutaneous adipose tissue (SAT) surface area, or 

inn the ratio of SAT over total adipose tissue (TAT). 

EndogenousEndogenous glucose production (Figure 2, Table 3) 

Att study entry the mean fasting glucose production was 16.1  2.5 

umol/kg/min.. PI withdrawal resulted in a mean decrease of 1.1 (95%CI -

2.11 - -0.1) umol/kg/min in fasting glucose production. During the clamp 

endogenouss glucose production was 7.9  2.7 |amol/kg/min at study entry 

andd did not change significantly 96 weeks after PI withdrawal. 

A tt week 12 no differences were observed in the changes in endogenous 

glucosee production both during the clamp and under fasting conditions 

betweenn the part icipants randomized to immediate or deferred 

withdrawall  of PI (p = 0.98 and p= 0.55, during the clamp and fasting, 

respectively). . 
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effectseffects of PI discontinuation on glucose and lipid metabolism 

Tablee 3 Glucose metabolism and lipolysis with protease inhibitors (PI) and after 
PII withdrawal 

with h 
Protease e 
inhibitors s 

(nn = 8) 

after r 
protease e 
inhibitor r 

withdrawal l 
(nn = 8) 

Absolutee change 

fastin g g 

-- total glucose production 
(l^mol/kg/min) ) 16.1(2.5)) 15.0(1.6) 

-percentagee glucose oxidation of 3 0 5 ( 1 0 4 ) 4 8 . 8 ( 1 5 . 6 ) 
totall glucose disposal (%) v ' y ' 

percentagee non-oxidative of 
totall glucose disposal (%) 69.5(10.4)) 51.2(15.6) 

-glyceroll turnover ((xmol/kg/min) 2.6(0.6) 1.8(0.3) 

-1.11 (-2.1 - -0.1 ) 

18.44 (+4 .7- +32) 

18.44 ( -32 .0 - -4 .7) 

-0.88 ( - 1 . 4- -0.3) 

clam p p 

-- total glucose disposal 
(nmol/kg/min) ) 

-- percentage glucose oxidation of 
totall glucose disposal (%) 

21.3(4.9)) 18.4(5.6) 

36.8(12.7)) 48.4(8.7) 

percentagee non-oxidative of 
totall glucose disposal (%) K ' K ' 

Endogenouss glucose production 
7.9(2.7)) 6.9(1.4) 

(nmol/kg/min) ) 

-- glycerol turnover (umol/kg/min) 1.8 (0.6) 1.2 (0.5) 

-3.00 ( -6 .0-+0.1) 

++ 11.6 (+1.5-+21.7) 

-- 11.6 (-21.7--1.5) 

-1.11 (-2.6-+0.5) 

-0 .6( -1 .2- -0 .1) ) 

Alll parameters are expressed as mean (standard deviation) unless otherwise noted. 
Thee absolute changes after protease inhibitor withdrawal are expressed as mean (95% confidence 
interval),, nmol: micromol, kg: kilogram, min: minute; n: number of patients; %: percentage. 

Figur ee 2 Endogenous glucose production while on PI and after Pl-
withdrawal l 
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Per ipherall  g lucose metabol ism (Figur e 3, Table 3) 

Duringg fasting at study entry the glucose oxidation expressed as 

percentagee of total glucose disposal was 30.5  10.4 %. The glucose 

oxidationn expressed as percentage of total glucose disposal increased by 

18.44 (4.7 -32) % to 48.8  15.6 % after PI withdrawal. At week 12 no 

differencess were observed in the changes in glucose oxidation during 

fastingg between the participants randomized to immediate or deferred 

withdrawall  of PI. (p = 0.88 ) 

A tt study entry the hyperinsulinemia during the clamp increased total 

glucosee disposal by 32 (17 -47) % from the fasting value. After PI 

withdrawall  this increase was 21 (4 - 38) %. At study entry total glucose 

disposall  during the clamp was 21.3  4.9 umol/kg/min. Total glucose 

disposall  during the clamp did not change after PI withdrawal. Of note, 

glucosee oxidation expressed as percentage of total glucose disposal was 

36.88  12.7 % at study entry and did increase significantly by 11.6 (1.5— 

21.7)) % to 48.4 7 % after PI withdrawal. 

A tt week 12 no differences were observed in either total glucose disposal 

orr glucose oxidation both during the clamp between the participants 

randomizedd to immediate or deferred withdrawal of PI. (p = 0.26 and p= 

0.622 , for total glucose disposal and glucose oxidation, respectively) 

Glyceroll  tu rnover  (Figur e 4, Table 3) 

Fast ingg glycerol turnover was 2.6  0.6 umol/kg/min at study entry. PI 

withdrawall  resulted in a decrease in fasting glycerol turnover of 0.8 (-

1.44 — -0.3) umol/kg/min to 1.8  0.3 umol/kg/min. During the clamp, 

glyceroll  turnover was 1.8  0.6 uinol/kg/min which decreased by 0.6 (-1.2 

—0.1)) umol/kg/min to 1.2  0.5 umol/kg/min after Pi-withdrawal. At 

studyy entry the clamp decreased glycerol turnover by 32 (40 - 23) %, 

afterr PI withdrawal by 35 (54 - 16) %. 
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effectseffects of PI discontinuation on glucose and lipid metabolism 

Bothh during the clamp and under fasting conditions at week 12 no 

differencess were observed in the changes in glycerol turnover between 

thee participants randomized to immediate withdraw the protease 

inihibitorr and deferred, (p = 0.5 and p= 1.0 during the clamp and 

fasting,, respectively) 

Figur ee 3 Total glucose disposal and glucose oxidation while on PI and after PI 
withdrawal l 
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Discuss ion n 

Thee results of our study demonstrate that two years of withdrawal of PI 

inn HIV- 1 infected pat ients with severe lipodystrophy does not result in 

ann improvement of disturbed fat distribution, while glucose metabolism 

andd lipolysis are partially restored and markedly diminished, 

respectively. . 

Althoughh fasting glucose production decreased after PI withdrawal it 

remainedd elevated when compared to values previously obtained both in 

healthyy volunteers and in untreated HIV-infected patients.[12,28] 

However,, despite two years of PI withdrawal insulin-stimulated 

peripherall  glucose disposal did not improve. Nonetheless, we did 

observee significant improvements in intracellular glucose metabolism 

reflectedd by a significant increase in glucose oxidation, both under 

fastingg conditions and during insulin infusion. Likewise, the rate of 

lipolysiss which was increased during fasting in HIV-1 infected patients 

wit hh lipodystrophy, returned towards the levels we have previously 

measuredd in healthy volunteers. [13] Al l of these metabolic changes 

occurredd in the absence of significant improvements in body 

composition. . 

Thee mechanism by which PI acutely cause peripheral insulin resistance 

involvess a direct inhibition of GLUT-4. [15-17,29] Interestingly, in the 

severelyy lipodystrophic HIV-1 infected patients enrolled into our study, 

thee extended withdrawal of PI did not result in significant improvement 

off  insulin-stimulated peripheral glucose disposal. This may indicate 

thatt long-term t reatment with PI irreversibly impairs the intrinsic 

activityy of GLUT-4. Alternatively, this may be explained by direct or 

indirectt changes in glucose metabolism induced by persisting 

lipodystrophy.. However, both fasting and insulin-stimulated 

intracellularr glucose oxidation did improve. Given that glucose 

oxidationn is inhibited by free fatty acids and stimulated by insulin the 

markedd decrease in lipolysis seen after PI withdrawal may very well be 
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responsiblee for the improvement in glucose oxidation. Taken together, 

ourr data supports the notion proposed by Behrens et al, [ l l ] that 

mechanisms,, in addition to inhibition of GLUT-4 activity, are 

responsiblee for the changes in glucose metabolism seen in HIV-infected 

patientss with established lipodystrophy. 

Thee trend for lipolysis to normalize following PI withdrawal occurred 

independentt of any changes in concentrations of plasma insulin, a 

potentt inhibitor of lipolysis, epinephrine and Cortisol, both potent 

stimulatorss of lipolysis, and fat distribution. An explanation for the 

decreasee in lipolysis might be a lowered tonus of the sympathetic 

nervouss system reflected by a decrease in norepinephrine 

concentrations.. Although the decrease of -0.7 (-1.5 - 0.02) nmol/1 in 

norepinephrinee after PI withdrawal was not statistically significant in 

thee majority of patients plasma norepinephrine concentrations 

decreasedd after withdrawal of PI. In HIV-1 infected lipodystrophic 

patientss using PI norepinephrine concentrations are elevated compared 

too untreated HIV-1 infected individuals [12,30], suggestive of an overall 

increasedd tonus of the sympathetic nervous system. Lipolysis 

neverthelesss is similarly increased both in HIV-1 infected patients with 

lipodystrophyy and in treatment-naïve HIV-1 patients when compared to 

inn healthy volunteers. [12,13] This indicates that although the factor 

responsiblee for stimulating lipolysis in uncontrolled HIV infection has 

disappeared,, it must have been replaced by another mechanism. Based 

onn our findings we propose that PI in as yet unexplained fashion induce 

changess in the tonus of the sympathetic nervous system result ing in 

increasedd whole body lipolysis that gradually normalises after PI 

withdrawal. . 

AA potential bias of our study might be the fact that patients aged during 

thee two years of follow up which thereby may have counteracted any 

improvementt PI withdrawal might have had on insulin sensitivity. 

Althoughh aging is associated with a decrease in total glucose disposal, 

thiss decrease was demonstrated to be as low as 0.9 jimol/kg/min per 
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decadee of life.[31] Furthermore, it seems that the age-related decrease 

inn insulin sensitivity is mainly due to a reduction in insulin stimulated 

glucosee oxidation.[32] Of note, glucose oxidation significantly improved. 

Moreover,, glucose metabolism was also assessed at 12 and 36 weeks 

aftyerr PI withdrawal, and no acute improvements in insulin sensitivity 

weree observed, (data not shown) Taken together this makes it highly 

unlikelyy that aging explains why total glucose disposal did not improve 

significantly. . 

Anotherr l imitation of our study is the small sample size and the fact 

thatt one pat ient died before completing 96 weeks and that in two out of 

thee eight pat ients PI had to be re-introduced because of virological 

failure.. This occurred in patient 5 at week 36 and in patient 1 at week 7. 

I nn both pat ients virological failure likely was the result of multiple pre-

existingg zidovudine resistance conferring mutations which were 

retrospectivelyy demonstrated in stored specimens (data not shown). 

Unfortunately,, at the t ime the study was designed and these patients 

weree enrolled the results of tr ials showing such patients to be at 

increasedd risk of virological failure when replacing PI by abacavir were 

nott yet available.[33] The small sample size of our study most likely 

explainss why moderate improvements in fat distribution, which were 

reportedd following PI withdrawal in larger controlled trial[19,20], were 

nott observed. Nevertheless, in spite of a limited sample size we were 

ablee to demonstrate significant changes in glucose metabolism and 

lipolysis. . 

I nn summary, PI replacement by abacavir in severe lipodystrophic HIV-1 

infectedd pat ients after 96 weeks resulted in a clear trend for lipolysis to 

normalizee and in a significant improvement in glucose oxidation. In 

contrast,, fasting endogenous glucose production improved modestly, 

whilee insulin st imulated glucose disposal and fat distribution did not 

changee significantly. Taken together, this suggests that mechanisms in 

addit ionn to inhibition of GLUT-4 activity are responsible for some of the 

changess in glucose metabolism seen in HIV-infected patients with 
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establishedd lipodystrophy. Finally, we propose that disappearance of PI-

mediatedd increases in sympathetic nervous system activity may 

underliee the decrease in lipolysis following PI withdrawal. 
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