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Abstract

Objective: 

The extent and manner by which thymidine analogue nucleoside reverse transcriptase 

inhibitors for treatment of HIV contribute to the induction of insulin resistance, directly 

or indirectly by causing lipoatrophy, is unclear. We prospectively evaluated the effect 

of zidovudine/lamivudine (ZDV/3TC) on glucose metabolism in HIV-1-infected patients 

initiating combination antiretroviral therapy (cART). 

Methods: 

cART-naive men were randomized to lopinavir/ritonavir (LPV/r, 400/100mg twice daily) 

plus ZDV/3TC or LPV/r (533/133mg twice daily) plus nevirapine (NVP). Computed 

tomography-, dual-energy X-ray absorptiometry scans and hyperinsulinemic-euglycemic 

clamps using stable isotopes were performed before and after 3, 12 and 24 months of 

cART. 

Results: 

Insulin-stimulated peripheral glucose disposal decreased by 25% after 3 months in 

patients on ZDV/3TC/LPV/r (p<0.001) in a persistent manner, followed by a transient 

reduced insulin sensitivity regarding inhibition of lipolysis after 12 months. In the NVP/

LPV/r arm, hepatic insulin sensitivity had improved after 24 months. Following the initial 

3 months of treatment, limb fat decreased progressively in the ZDV/3TC/LPV/r arm by 

849 ± 345 g up to 24 months (p=0.017). VAT in this treatment arm increased by 36.2 

± 13.3 cm2 over 2 years (p=0.009). In contrast, in the NVP/LPV/r arm, a generalized 

increase in fat mass was observed. Plasma adiponectin increased significantly in both 

arms, but less in the patients on ZDV/ 3TC/LPV/r. 

Conclusions: 

Treatment with ZDV/3TC/LPV/r versus NVP/LPV/r differentially affects glucose and 

lipid metabolism. The ZDV/3TC/LPV/r regimen induced peripheral insulin resistance, a 

transient increase in basal lipolysis and a transient decrease in insulin-mediated inhibition 

of lipolysis, whereas in the NVP/LPV/r regimen hepatic insulin sensitivity actually improved 

after long-term treatment. 



Insulin sensitivity during first line antiretroviral therapy

113

C
hapter 7

Introduction

Lipodystrophy in patients with HIV-1 infection on combination antiretroviral therapy 

(cART) has been shown to be associated with insulin resistance in multiple metabolic 

pathways, including a reduction in peripheral glucose uptake, enhanced lipolysis and 

increased endogenous glucose production 1. The sequence of onset of these disturbances 

in glucose and lipid metabolism, and the contribution of the various drug classes or 

individual drugs have not been elucidated. Both protease inhibitors (PI) and nucleoside 

reverse transcriptase inhibitors (NRTI) have been implicated in the pathogenesis of insulin 

resistance, either directly or as a result of associated changes in fat distribution. Studies 

in healthy volunteers have shown that several, but not all PI have an acute inhibitory 

effect on glucose uptake 2-5, although in some studies peripheral insulin resistance was no 

longer present after PI were administered for extended periods 6, 7. NRTI are thought to 

contribute to insulin resistance by inducing changes in fat distribution and lipoatrophy in 

particular. Recently, however, a significant reduction in insulin-mediated peripheral glucose 

uptake was reported after 4 weeks of stavudine administration to healthy volunteers. 

Since body composition did not change, this suggests that stavudine has a direct effect 

on peripheral insulin sensitivity 8; whether the same is true for other NRTI remains to be 

determined. Short-term studies with monotherapy of various antiretroviral drugs in healthy 

volunteers are probably not representative for the clinical situation of patients initiating 

cART, as in this setting suppression of viral replication, restoration of immunity, the use 

of combinations of antiretroviral drugs with potential additive effects and the changes in 

body fat redistribution each may influence glucose and lipid metabolism. 

In order to unravel the sequence of events occurring during the development of 

insulin resistance in relation to changes in body composition and the use of different 

classes of antiretroviral drugs, we performed sequential measurements of glucose 

and lipid metabolism and of body composition after start of therapy in cART-naive 

HIV-1-infected men randomised to either zidovudine/lamivudine/lopinavir/ritonavir or 

nevirapine/lopinavir/ritonavir. We previously reported a decrease in insulin-mediated 

peripheral glucose uptake prior to the development of changes in body fat distribution 

after three months in the ZDV/3TC/LPV/r arm 9. We currently report the results after 

24 months of therapy.
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Patients and methods

Subjects and study design
We studied a subgroup of participants in the MEDICLAS (Metabolic Effects of DIfferent 

CLasses of AntiretroviralS) trial. This is a multicenter, multinational, single-blinded, 

randomized trial over 36 months in 50 previously antiretroviral-naive male patients, 18-70 

years old, with an indication to start cART, comparing a NRTI-containing regimen of 

ZVD/3TC (300/150 mg twice daily) plus LPV/r (400/100 mg twice daily) with a NRTI-

sparing regimen of NVP (200 mg twice daily) plus LPV/r (533/133 mg twice daily). The 

main objective of the trial is to assess and compare the impact of both treatments on 

body fat distribution and metabolic complications. Subjects with severe obesity (body 

mass index (BMI) >35 kilogram (kg)/m2), a history of hyperlipidemia or diabetes mellitus 

were excluded, as well as patients using medication that could affect glucose and lipid 

metabolism, e.g. systemic corticosteroids. For the purpose of the sub-study, patients with 

active infections in the preceding 2 months and patients with wasting (recent loss of 

>10% of body weight) were also excluded. 

In the participants of the sub-study, glucose and lipid metabolism was investigated in 

the fasting state and during a hyperinsulinemic-euglycemic clamp using stable isotopes, 

at baseline and 3, 12, 24 and 36 months following the start of treatment. Body fat 

distribution was assessed at these same time points by abdominal computed tomography- 

(CT) and dual-energy X-ray absorptiometry (DEXA) scan. Patients could be recruited into 

the sub-study if they were followed at the Academic Medical Center, The Netherlands, the 

Helsinki University Central Hospital, Finland or could be referred to one of these centers, 

as these were the only sites able to perform the clamp studies according to the protocol 

(see below). The study was approved by the Ethics Committees of each participating 

center. Written informed consent was obtained from all participants prior to study entry.

Randomization 
At the central study-coordinating center a treatment allocation sequence (1:1 for 

ZDV/3TC/LPV/r and NVP/LPV/r) was generated using the minimization variable BMI (≤25 

kg/m2 versus >25 kg/m2). Treatment allocation was stratified for patients participating 

only in the main study, or patients participating both in the main and the sub-study.

Hyperinsulinemic-euglycemic clamp protocol 
All participants used a balanced diet, containing at least 250 g carbohydrates for 3 

days prior to each metabolic study. After a 12-hour fast, subjects were admitted to the 
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metabolic clinical research center and studied in the supine position. A catheter was 

inserted into an antecubital vein for infusion of [6,6-2H2]-glucose, [2H5]-glycerol, insulin 

and glucose 20% and another catheter was inserted into a contralateral hand vein and 

kept in a thermoregulated (60ºC) box for sampling of arterialized venous blood.

At T=-2.30 (10 AM), after drawing a blood sample for background enrichment of 

plasma glucose and glycerol, a continuous infusion of [6,6-2H2]-glucose (>99% enriched, 

Cambridge Isotopes, MA) was started at a rate of 0.11 μmol·kg-1·min-1, after a priming 

dose of 8.8 μmol/kg. At T=-1.30 (11 AM) a continuous infusion of [2H5]-glycerol at a rate of 

0.11 μmol/ kg/min was started, after a priming dose of 1.6 μmol/kg. From T=-0.30 (12.00 

pm) until T=0 (12.30 PM) blood samples were drawn every 10 minutes for determination 

of the fasting rate of appearance (Ra) of glucose and glycerol. Subsequently, at T=0 

(12.30 PM), a primed continuous infusion of insulin (Actrapid 100 U/mL, Novo Nordisk 

Farma BV, Alphen a/d Rijn, The Netherlands) was started for 2½ hours from T=0 until 

T=2.30 (12.30-15 PM) at a rate of 20 mU·m-2 body surface area·min-1. Plasma glucose 

concentration was measured every 5 minutes (Beckman glucose analyzer 2, Palo Alto, 

CA, US) and glucose 20% was infused at a variable rate to maintain euglycemia (5 

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

enrichments of 1% to minimize changes in isotopic enrichment, caused by changes in the 

infusion rate of exogenous glucose 10, 11. During the last hour of insulin infusion, samples 

were drawn every 10 minutes for determination of Ra of glucose and glycerol. Blood for 

measurement of concentrations of cortisol, catecholamines, insulin, glucagon, free fatty 

acids (FFA) and adiponectin was collected in the fasted state at T=-0.30 and T=0 and at 

the end of the hyperinsulinemic clamp at T=2.00 and T=2.30. Blood samples were kept 

on ice immediately after collection and subsequently centrifuged for 10 minutes at 3000 

rpm at 4°C. Plasma samples were stored at –20°C. During the clamp, subjects were 

allowed to drink water only. Antiretroviral medication was taken without food on the 

study day. LPV concentrations were measured in the week preceding and at the end of 

each clamp.

Body composition
Total and regional fat mass were quantified in all patients by DEXA (Hologic QDR-

4500W, software version whole body v8.26A:5; Bedford, Massachusetts, USA) providing 

a quantitative assessment of peripheral (limb) as well as trunk fat mass in kilogram. A 

standardized single slice abdominal CT-scan through the level of the third lumbar vertebra 

was performed from which the surface area of visceral (VAT) and subcutaneous adipose 

tissue (SAT) was determined and expressed in centimeter square (cm2). 
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Analytical procedures 
Plasma insulin, cortisol, catecholamines, glucagon, FFA, adiponectin and LPV 

concentrations were measured as described before 9, 12. Plasma HIV-1 RNA was measured 

in each participating center by different tests, each with a lower limit of quantification 

of 50 copies/mL. Plasma samples for enrichments of [6,6-2H2]-glucose and [2H5]-glycerol 

were determined as described before 1, 13.

Calculations and statistical analysis
Endogenous glucose production (EGP), peripheral glucose disposal (Rd) and Ra of glycerol 

were calculated with a modified form of the Steele equations as described before 1, 13. 

LPV concentration ratios were calculated by dividing the measured concentration by the 

expected concentration from the reference curve.

Analyses were by intent to treat. Within-group changes, between-group differences in 

overall course, and between-group differences at each study visit were analyzed by mixed 

model repeated measures analysis with correction for baseline values. Alpha <0.05 was 

considered statistically significant. Data are presented as estimated means ± standard 

error of the mean. SAS statistical software version 9.2 was used for all analyses.

Table 1. Patient characteristics, HIV related characteristics.

ZDV/3TC/LPV/r

baseline Mo 3 Mo 12 Mo 24

Number 11 11 11 11

Age (years) 38 (34-41)

CDC category
A (n, %)
B (n, %)
C (n, %)

8 (73%)
2 (18%)
1 (9%)

CD4 cell count (106 cells/l) 200(140-264) 270 (220-430) 370 (293-450) 458 (355-590)

HIV-1 RNA
   (log 10 copies/ml)
   n (%) <50 copies/ml)

5.1 (4.5-5.3)
0 (0%)

2.1 (1.7-2.5)
4 (36%)

1.7 (1.7-1.7)
11 (100%)

1.7 (1.7-1.7)
9 (82%)

Lopinavir concentration ratio’s
   in week preceding clamp
   during last hour of clamp

1.3 (1.1-2.1)
0.9 (0.5-1.2)

1.3 (1.0-1.7)
0.9 (0.7-1.2)

1.0 (0.9-1.6)
0.9 (0.6-1.2)

Lopinavir concentration (mg/l)
   during last hour of clamp 5.9 (3.9-8.1) 6.6 (5.8-7.2) 6.4 (3.7-9.2)

Data represent median (IQR) or number (percentage).
ZDV/3TC/LPV/r: zidovudine/lamivudine/lopinavir/ritonavir
NVP/LPV/r: nevirapine/lopinavir/ritonavir
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NVP/LPV/r

baseline Mo3 Mo 12 Mo 24

9 8 9 8

46 (41-53)

5 (56%)
4 (44%)
0 (0%)

200 (170-250) 330 (280-406) 460 (370-560) 570 (430-630)

4.8 (4.7-5.3)
0 (0%)

1.7 (1.7-2.3)
4 (44%)

1.7 (1.7-1.7)
8 (89%)

1.7 (1.7-1.7)
8 (100%)

1.4 (1.0-1.7)
0.8 (0.3-1.2)

1.5 (1.2-1.8)
1.0 (0.8-1.2)

1.3 (1.1-2.1)
0.8 (0.6-1.2)

6.4 (2.4-8.6) 7.2 (6.1-8.3) 6.1 (5.2-8.3)

Results

Patient characteristics (Table 1)
A total of 50 patients were included in the ‘MEDICLAS’ trial between February 2003 

and June 2005, of whom twenty were co-enrolled in the sub-study. Eleven of these 20 

patients were randomly assigned to ZDV/3TC/LPV/r and 9/20 patients to NVP/LPV/r. 

Their demographic and clinical characteristics are shown in Table 1. For one patient in 

the ZDV/3TC/LPV/r group, data during the clamp at baseline could not be included in 

the analysis because of technical problems during the clamp. In the NVP/LPV/r group, 

3 months data were not included in the analysis from 2 patients, one patient didn’t 

return for this visit and the other developed acute hepatitis A. One patient in the NVP/

LPV/r arm died at home, presumably due to an acute myocardial infarction, shortly after 

his one-year visit. Antiretroviral therapy was switched in some patients because of side 

effects. One patient in the NVP/LPV/r arm discontinued cART after 4 weeks because of 

toxic hepatitis. Following complete recovery, after 3 months, he resumed LPV/r, with 

efavirenz instead of NVP. In the ZDV/3TC/LPV/r arm, one patient switched from ZDV 

to tenofovir because of anemia shortly after his 3 months visit, and in another patient 
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LPV/r was replaced by NVP after 18 months because of dyslipidemia. Data of all patients 

with medication switches were included in the analysis. None of the patients started 

concomitant medication that could be expected to influence glucose or lipid metabolism 

between start of cART and the 24 months visit.

Virological and immunological parameters and LPV concentrations (Table 1)
Patients in both groups exhibited an immunological and virological response to cART 

with similar increases in CD4 count and decreases in HIV-1 RNA. The increase in CD4 

Table 2 Body composition, glucoregulatory hormones and lipid profile

LPV/r/ZDV/3TC

Baseline Mo 3 Mo 12 Mo 24

Body composition N=11 N=11 N=11 N=11

Weight (kg) 77.0±0.7 76.8±0.7 77.7±0.7 78.6±0.7

BMI (kg/m2) 23.2±0.2 23.2±0.2 23.4±0.2 23.8±0.2

Limb fat (kg)† 6.58 ±0.26 6.83 ±0.26 6.40 ±0.26# 5.98 ±0.26#

Total fat (kg) † 14.2±0.4 14.5±0.4# 14.8±0.4 14.7±0.4

Limb/total fat 0.48±0.01 0.48±0.01 0.46±0.01 0.43±0.01*#

Trunk fat (kg) 7.6±0.3 7.7±0.3# 8.4±0.3 8.8±0.3*

SAT (cm2) 123.2±5.7 122.0±5.7 133.6±5.9 134.8±5.7

VAT (cm2) 118.5 ±10.1 108.7 ±10.1 124.2 ±10.4 154.7 ±10.1*

TAT (cm2) 242.5 ±13.2 231.4 ±13.2 258.9 ±13.6 290.3 ±13.2*

SAT/TAT 0.53±0.02 0.56±0.02 0.54±0.02 0.50±0.02

Glucoregulatory hormones

Cortisol (nmol/l) † 214±22 251±22 166±22 239±22#

Glucagon (ng/l) 64±4 63±4# 58±4 55±4

Epinephrine (nmol/l) 0.12±0.03 0.12±0.03 0.11±0.03 0.12±0.03

Norepinephrine (nmol/l) † 1.23±0.16 0.98±0.16# 1.23±0.18 1.28±0.16

Adiponectin (μg/ml) 6.5±0.5 7.0±0.5 8.1±0.5# 8.4±0.5*#

Lipid profile

Total cholesterol (mmol/l) 4.3±0.2 5.3±0.2 5.5±0.2 5.4±0.2*#

HDL-cholesterol (mmol/l) 1.10±0.07 1.24±0.07 1.38±0.07 1.40±0.07*

LDL-cholesterol (mmol/l) 2.5±0.2 2.7±0.2 2.7±0.2 2.8±0.2#

Triglycerides (mmol/l) 1.4±0.6 3.2±0.6 3.6±0.6 2.8±0.6

Data represent estimated means ± standard error of the mean. *p<0.05 within group 0-24 
months, #p<0.05 between groups at visit, †p<0.05 between groups difference overall course 0-24 
months. BMI body mass index, SAT subcutaneous adipose tissue, VAT visceral adipose tissue, TAT 
total adipose tissue, HDL high density lipoprotein, LDL low density lipoprotein. ZDV/3TC/LPV/r: 
zidovudine/lamivudine/lopinavir/ritonavir, NVP/LPV/r: nevirapine/lopinavir/ritonavir.
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LPV/r/NVP

baseline Mo 3 Mo 12 Mo 24

N=9 N=8 N=9 N=8

76.9±0.7 76.5±0.8 79.2±0.7 79.4±0.8*

23.2±0.2 23.1±0.2 23.9±0.2 24.0±0.2*

6.57 ±0.29 6.44 ±0.30 7.39 ±0.29 7.25 ±0.31

14.2±0.5 13.2±0.5 15.8±0.5 15.8±0.5*

0.48±0.01 0.50±0.01 0.48±0.01 0.49±0.01

7.6±0.3 6.7±0.3 8.4±0.3 8.5±0.3*

124.0±6.3 116.0±6.6 134.4±6.3 138.9±6.7

119.2 ±11.2 101.6 ±11.6 128.3 ±11.2 127.9 ±11.7

242.0 ±14.6 216.4 ±15.1 261.5 ±14.6 263.9 ±15.3

0.53±0.02 0.53±0.02 0.52±0.02 0.55±0.02

221±25 209±27 193±25 159±26

68±4 50±4 52±4 47±4*

0.13±0.03 0.19±0.03 0.10±0.03 0.09±0.03

1.23±0.18 1.90±0.20 1.49±0.19 0.89±0.19

6.4±0.6 7.7±0.6 9.9±0.6 10.8±0.6*

4.3±0.3 5.5±0.3 6.2±0.3 6.1±0.3*

1.12±0.08 1.38±0.08 1.43±0.08 1.55±0.09*

2.6±0.2 3.0±0.2 3.1±0.2 3.4±0.2*

1.5±0.7 2.5±0.7 3.5±0.7 2.8±0.7

count from baseline to 24 months was 280 (210-420) x 106/l (median (interquartile 

range) in the ZDV/3TC/LPV/r arm and 320 (260-430) x 106/l in the NVP/LPV/r arm. At 

24 months, 9/11 (82%) patients in the ZDV/3TC/LPV/r arm and 8/8 (100%) patients 

in the NVP/LPV/r arm had HIV-RNA below 50 copies/ml. Of the 2 patients who did not 

have undetectable HIV-RNA at 24 months, one had HIV-RNA of 68 copies/ml and for the 

other HIV-RNA was not performed at that time point. Both these patients had HIV-RNA 

below 50 copies/ml at the preceding and following visits, and were not considered to 
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have virological failure clinically. LPV concentrations and concentration ratios during the 

last hour of the hyperinsulinemic clamp did not differ between the arms.

Body composition (Table 2)
After 24 months, body weight had increased by 1.7 ± 0.9 kg (p=0.08) and 2.5 ± 1.1 

kg (p=0.02) in the ZDV/3TC/LPV/r and NVP/LPV/r arm, respectively. Limb fat remained 

stable during the first 3 months in the ZDV/3TC/LPV/r arm, but showed a progressive 

decline thereafter, with a total loss of 849 ± 345 g from 3 to 24 months (p=0.017). Total 

body fat remained unchanged in this arm. In contrast, in the NVP/LPV/r arm, limb fat 

and total body fat both increased. After one year of cART, limb fat in the ZDV/3TC/LPV/r 

arm was 990 ± 392 gram lower and after 2 years 1262 ± 403 gram lower compared to 

the NVP/LPV/r arm (p=0.015 and p=0.003, respectively).

Table 3 Glucose metabolism

ZDV/3TC/LPV/r

Baseline Mo 3 Mo 12 Mo 24

Fasting N=11 N=11 N=11 N=11

Glucose (mmol/l) 5.2±0.08 5.4±0.08 5.3±0.08 5.3±0.08

Insulin (pmol/l) 42±4 48±4 50±4 54±4*

Endogenous glucose production& 11.6±0.3 11.4±0.3 10.9±0.3 10.8±0.3*

Glycerol rate of appearance& 1.7±0.1 2.1±0.1 1.9±0.1 1.8±0.1

Free fatty acid (mmol/l) 0.42±0.05 0.74±0.05# 0.56±0.05 0.52±0.05

Clamp N=11 N=10 N=11 N=11

Glucose (mmol/l) 5.0±0.04 5.0±0.04 5.0±0.04 5.0±0.04

Insulin (pmol/l) 185±7 181±7 192±7 196±7

Endogenous glucose production& 4.0±0.4 4.3±0.4 3.8±0.4 4.1±0.4#

Endogenous glucose production suppression 
absolute& (percentage)

-7.7±0.4
(-66±3%)

-7.3±0.4
(-63±3%)

-7.2±0.4
(-66±3%)

-6.8±0.4
(-64±3%)

Peripheral glucose disposal†& 22.9±1.6 17.3±1.6# 19.1±1.6 19.5±1.6#

Glycerol rate of appearance†& 0.78±0.07 0.70±0.07 0.94±0.07# 0.75±0.07

Glycerol rate of appearance suppression 
absolute& (percentage)

-0.9±0.2
(-52±4%)

-1.4±0.2
(-63±4%)

-0.9±0.2 
(-50±4%)#

-1.0±0.2
(-57±4%)

Free fatty acid (mmol/l) 0.06±0.01 0.08±0.01 0.09±0.01 0.07±0.01

Free fatty acid suppression (mmol/l)/
percentage

-0.34±0.06
(-82±2%)

-0.65±0.06
(-88±2%)

-0.46±0.06
(-85±2%)

-0.43±0.06
(-86±2%)

Data represent estimated means ± standard error of the mean. & μmol/kg/min. *p<0.05 within 
group 0-24 months, #p<0.05 between groups at visit, †p<0.05 between groups difference overall 
course 0-24 months. ZDV/3TC/LPV/r: zidovudine/lamivudine/lopinavir/ritonavir, NVP/LPV/r: 
nevirapine/lopinavir/ritonavir
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NVP/LPV/r

baseline Mo 3 Mo 12 Mo 24

N=9 N=7 N=9 N=8

5.2±0.09 5.5±1.0 5.4±0.09 5.3±0.09

43±4 40±5 51±4 44±5

11.5±0.3 11.6±0.3 11.3±0.3 10.2±0.3*

1.7±0.2 1.9±0.2 2.0±0.2 1.6±0.2

0.45±0.06 0.53±0.07 0.57±0.06 0.49±0.06

N=9 N=7 N=9 N=8

4.9±0.04 5.0±0.05 5.0±0.04 4.9±0.04

185±8 186±9 208±8 205±8

4.6±0.4 3.6±0.5 3.8±0.4 2.7±0.5*

-6.9±0.4
(-60±3%)

-8.0±0.4
(-69±4%)

-7.5±0.4
(-66±3%)

-7.4±0.4
(-73±4%)*

22.4±1.7 23.5±1.9 20.9±1.7 24.7±1.8

0.78±0.07 0.60±0.08 0.68±0.07 0.57±0.07*

-0.9±0.2
(-53±4%)

-1.3±0.2
(-66±5%)

-1.3±0.2
(-63±4%)

-1.1±0.2
(-62±4%)

0.08±0.02 0.04±0.02 0.06±0.02 0.03±0.02*

-0.37±0.06
(-84±2%)

-0.49±0.07
(-91±3%)

-0.51±0.06
(-89±2%)

-0.45±0.06
(-90±2%)

Trunk fat increased in both arms during 24 months follow-up (by +1139 ± 393 gram 

(p=0.005) and + 957 ± 446 gram (p=0.04) in the ZDV/3TC/LPV/r arm and the NVP/LPV/r 

arm, respectively). VAT increased significantly after 24 months, in the ZDV/3TC/LPV/r 

arm only (+36.2 ± 13.3 cm2 over 2 years (p=0.009)). The ratio of SAT to TAT decreased 

in the ZDV/3TC/LPV/r arm after 3 months (0.56 ± 0.02 to 0.50 ± 0.02, mean change 

0.057 ± 0.025, p=0.028), but remained unchanged in the other arm. 

Glucose metabolism (Figure 1, table 3)
There were no significant changes in fasting plasma glucose levels during follow-

up in either of the 2 treatment arms. Fasting plasma insulin levels however increased 

significantly over time in the ZDV/3TC/LPV/r arm. Insulin-stimulated peripheral glucose 

disposal decreased significantly by 25% after 3 months of therapy in the ZDV/3TC/

LPV/r arm (p<0.001), as previously reported 9, and remained stable at this reduced level 
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thereafter. In contrast, treatment with NVP/LPV/r did not result in a significant change 

of peripheral glucose disposal, resulting in an overall significant difference between both 

arms over the 24-month period (p<0.05).

Fasting EGP decreased significantly during follow-up in both arms with no differences 

between arms. During hyperinsulinemia, EGP was suppressed equally in both groups 

in the first 12 months. The suppression of EGP by insulin increased significantly over 

24 months in the NVP/LPV/r arm, leading to a significant difference in hepatic insulin 

sensitivity between both groups after 24 months with a greater suppression of EGP by 

insulin in the NVP/LPV/r group.

Lipolysis (Table 3)
In the ZDV/3TC/LPV/r group, fasting glycerol turnover increased significantly by 0.39 ± 

0.16 μmol/kg/min 3 months after starting therapy, returning to baseline levels during 

Figure 1. Graphs of peripheral glucose disposal (Rd glucose) (μmol/kg/min), endogenous glucose 
production (μmol/kg/min), rate of appearance of glycerol (Ra glycerol) (μmol/kg/min) during the 
hyperinsulinemic clamp and adiponectin levels (μg/ml). Shown are estimated means ± standard 
error of the mean. 
� = ZDV/3TC/LPV/r: zidovudine/lamivudine/lopinavir/ritonavir. 

 = NVP/LPV/r: nevirapine/lopinavir/ritonavir.
* p<0.05 comparison between arms at each timepoint
† p<0.05 overall comparison between arms over 24 months
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further follow-up. No changes in fasting glycerol turnover were observed in the NVP/

LPV/r group over the course of 2 years. The absolute suppression of Ra glycerol during 

hyperinsulinemia showed a trend to decrease in the ZDV/3TC/LPV/r arm from 3 months 

follow-up onwards (p=0.0599). This led to an overall significant difference between 

the 2 arms in glycerol turnover during hyperinsulinemia due to lower insulin-mediated 

suppression in the ZDV/3TC/LPV/r arm. FFA levels, both in the fasting state and during 

hyperinsulinemia, showed a similar pattern, with a trend for overall difference between 

the 2 arms (p=0.07).

Glucoregulatory hormones (Table 2)
There were no significant changes in fasting plasma concentrations of cortisol over time 

in either treatment group, but after 24 months of therapy cortisol levels were significantly 

higher in the ZDV/3TC/LPV/r arm than in the NVP/LPV/r arm. Fasting plasma levels of 

glucagon decreased over time in both arms, but this decrease was significant in the NVP/

LPV/r arm only. No overall changes were observed in epinephrine and norepinephrine 

levels over 2 years in either arm. Plasma adiponectin concentrations increased significantly 

in both arms during follow-up, with the greatest increase in the NVP/LPV/r arm. This 

resulted in significant differences in adiponectin levels between the groups after 12 and 

24 months of cART (mean differences 1.8 ± 0.8 μg/ml (p=0.03) and 2.4 ± 0.8 μg/ml 

(p=0.006) at 12 and 24 months, respectively).

Lipid profile (Table 2)
Plasma total cholesterol increased significantly after initiation of cART in both arms, but 

reached significantly higher levels in the NVP/LPV/r arm. LDL levels increased significantly 

only in the NVP/LPV/r arm and HDL-cholesterol increased significantly in both arms. 

Triglyceride levels increased significantly in both arms up to month 12, but there was no 

significant change from baseline to month 24 in either group.

Discussion

Body fat redistribution, dyslipidemia and insulin resistance are common findings in 

patients treated with cART. To our knowledge, this is the first prospective study 

employing serial euglycemic-hyperinsulinemic clamps, which demonstrates differences 

in changes in glucose and lipid metabolism in relation to the development of changes in 

body fat distribution after initiation of treatment in cART-naive, HIV-1 infected patients, 
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comparing a ZDV/3TC-containing with a ZDV/3TC-sparing regimen. We previously 

reported a decrease in insulin-mediated peripheral glucose uptake within 3 months of 

initiating cART in the ZDV/3TC/LPV/r group without changes in body fat distribution. 

These changes were not observed in patients randomized to the NRTI-sparing regimen of 

LPV/r/NVP 9. We now report a persistence of this decrease in peripheral insulin sensitivity 

up to 24 months of follow-up in patients treated with ZDV/3TC/LPV/r, while insulin-

mediated peripheral glucose uptake was not affected during follow-up in the LPV/r/

NVP group. Other insulin sensitive metabolic pathways like lipolysis and endogenous 

glucose production show a different pattern within and between both groups. After 

12 months, insulin’s effect on the suppression of lipolysis was significantly lower in the 

ZDV/3TC/LPV/r arm compared to the NVP/LPV/r arm, but this difference was no longer 

apparent at 24 months, while hepatic insulin sensitivity (i.e. the suppression of EGP by 

insulin) after 24 months was significantly higher in the NVP/LPV/r group. The successive 

involvement of different insulin-sensitive pathways suggests that different underlying 

pathophysiological mechanisms may be responsible.

Concerning the reduction in peripheral glucose disposal in the ZDV/3TC/LPV/r arm, 

we previously hypothesized that ZDV/3TC may interfere directly with insulin-mediated 

peripheral glucose uptake 9. The persistence of this peripheral insulin resistance, with no 

further deterioration despite the onset of peripheral fat loss and visceral fat accumulation, 

argues against an important contribution of these body composition changes in the 

pathogenesis. Several mechanisms may be responsible for the effects of ZDV/3TC on 

insulin sensitivity, including ZDV-induced mitochondrial dysfunction. This hypothesis is 

supported by a study in healthy volunteers, in which a similar effect on peripheral glucose 

uptake without changes in body composition was observed after treatment with stavudine 

for 4 weeks, which was associated with a significant reduction in muscle mitochondrial 

DNA and reduced mitochondrial function 8. How mitochondrial dysfunction interferes 

with peripheral insulin sensitivity has not been fully clarified yet, but accumulation of 

intracellular lipids due to reduced oxidative capacity may be one mechanism 14.

The observed transient changes in lipolysis during hyperinsulinemia (i.e. insulin sensitivity 

of adipose tissue) may be explained in part by direct effects of NRTI on adipocytes since 

it has been shown in vitro 15-17 that NRTI may induce mitochondrial dysfunction within 

adipocytes leading to oxidative stress, increased apoptosis and lipolysis 18. Another 

potential mechanism may be NRTI-induced inflammatory changes within adipose 

tissue resulting in dysfunctional adipocytes, production of pro-inflammatory cytokines 

and enhanced lipolysis 19. PI may act synergistically with NRTI in the induction of this 

inflammatory state 19. Various studies have shown that patients with lipodystrophy have 
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higher adipose tissue expression of TNF-alpha and IL-6 compared to healthy controls 20, 

21 and that, in these patients, higher TNF-alpha is associated with attenuated insulin-

mediated suppression of FFA 22, which appears to support this hypothesis. The sensitivity 

of adipose tissue for these potential effects of NRTI may be fat depot-specific, with limb 

fat possibly being more sensitive than visceral fat. This may be a potential explanation 

for the changes in body composition and return of lipolysis rates to baseline concurrent 

with the reduction of limb fat and increase in visceral fat. Higher rates of lipolysis result 

in higher plasma FFA which in turn may negatively influence insulin-mediated peripheral 

glucose uptake 23.

Previous studies have shown that patients with lipodystrophy have low levels of 

adiponectin 24, 25 and that adiponectin is correlated with whole body glucose disposal 

in HIV-infected patients 26. This has led to the hypothesis that adiponectin may play a 

role in lipodystrophy-associated insulin resistance. Our findings do not appear to support 

this, as adiponectin increased rather than decreased in the patients who developed 

insulin resistance and fat redistribution. A similar increase in adiponectin was observed in 

healthy volunteers after 4 weeks of administration of IDV and LPV/r 27, 28. Adiponectin 

levels do not appear to explain the peripheral insulin resistance in the ZDV/3TC/LPV/r 

group. However, we cannot exclude that, besides the lower glucagon levels, the higher 

adiponectin in the NVP/LPV/r group at 24 months may have contributed to the increase 

in hepatic insulin sensitivity since adiponectin has been reported to decrease hepatic 

glucose production 29. Whether adiponectin levels stabilize or even decrease if fat 

redistribution progresses to overt lipodystrophy in the ZDV/3TC/LPV/r arm, as might be 

expected from the above-mentioned studies, remains to be determined.

Our finding that no deterioration in glucose or glycerol metabolism occurred in 

patients treated with NVP/LPV/r, at least during 2 years of follow-up, challenges the 

concept that PI drugs importantly contribute to the insulin resistance in patients treated 

with cART 30, 31. This concept is based in part on in-vitro research showing an acute 

inhibitory effect on GLUT-4 activity 32, 33. Although studies in healthy humans confirm 

this acute effect on insulin sensitivity 2, 5, this effect was no longer present after 4 weeks 

of LPV/r monotherapy 6. Furthermore, the scarce prospective data on insulin sensitivity 

in HIV-infected patients cannot distinguish between effects of PI and NRTI, as drugs of 

these classes are generally combined in effective cART 34. We therefore suggest that the 

effect of LPV/r alone on insulin sensitivity is either transient or compensated for by other 

mechanisms, which may include the observed increase in adiponectin.

In conclusion, we found that treatment with ZDV/3TC/LPV/r versus NVP/LPV/r 

differentially affects glucose and lipid metabolism. The ZDV/3TC/LPV/r regimen induced 
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a rapid onset of peripheral insulin resistance, a transient increase in basal lipolysis and 

a transient decrease in insulin-mediated inhibition of lipolysis. In the NVP/LPV/r arm, 

increased insulin-mediated inhibition of hepatic glucose production was observed after 

24 months, probably explained by lower glucagon levels and possibly by the increased 

adiponectin levels. The early decrease in peripheral insulin sensitivity in the ZDV/3TC/

LPV/r arm is probably a direct effect of the medication since no changes in body fat 

distribution occurred at that time point, although the fat distribution changes occurring 

later on may have contributed to the persistence of peripheral insulin resistance. Finally, 

the transient changes in lipolysis may be caused by fat depot specific sensitivity for 

the inflammatory and pro-apoptotic effects of NRTI, with limb fat possibly being more 

sensitive than visceral fat, explaining the return of lipolysis rates to baseline with the 

reduction of limb fat and increase in visceral fat.
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