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Abstract

Objective: 

Patients with antiretroviral therapy (ART)-associated lipodystrophy frequently have 

disturbances in glucose metabolism associated with insulin resistance. It is unknown 

whether changes in body composition are necessary for the development of these 

disturbances in ART-naive patients starting treatment with different combination ART 

regimens.

Methods: 

Glucose metabolism and body composition were assessed before and after 3 months 

of ART in a prospective randomized clinical trial of HIV-1-positive, ART-naive men 

taking lopinavir/ritonavir within either a nucleoside reverse transcriptase inhibitor 

(NRTI)-containing regimen (zidovudine/lamivudine; n=11) or a NRTI-sparing regimen 

(nevirapine; n=9). Glucose disposal, glucose production and lipolysis were measured 

after an overnight fast and during a hyperinsulinemic-euglycemic clamp using stable 

isotopes. Body composition was assessed by computed tomography and dual-energy 

X-ray absorptiometry.

Results: 

In the NRTI-containing group, body composition did not change significantly in 3 months. 

Insulin-mediated glucose disposal decreased significantly by 25% (p<0.001) and fasting 

glycerol turnover increased by 22% (p<0.005). Hyperinsulinemia suppressed glycerol 

turnover equally before and after treatment. The disturbances in glucose metabolism 

were not accompanied by changes in levels of adiponectin or other glucoregulatory 

hormones. In contrast, glucose metabolism did not change in the NRTI-sparing regimen. 

Glucose disposal significantly differed over time between the arms (p<0.01).

Conclusions: 

Treatment for 3 months with a NRTI-containing, but not a NRTI-sparing, regimen resulted 

in a 25% decrease in insulin-mediated glucose disposal and a 22% increase in fasting 

lipolysis. In the absence of discernable changes in body composition, NRTI may directly 

affect glucose metabolism, the mechanism by which remains to be elucidated.
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Introduction

Combination antiretroviral treatment (cART) has remarkably improved the prognosis of 

patients with HIV-1-infection 1, but has become associated with changes in body fat 

distribution or lipodystrophy 2 and metabolic disturbances, which include dyslipidemia 

and alterations in glucose metabolism 3-8. The pathogenesis of the disturbances in 

glucose metabolism is likely multifactorial, in which both HIV protease inhibitors (PI) and 

nucleoside reverse transcriptase inhibitors (NRTI) may play a role 9-23. Prospective studies 

showed a decrease in insulin sensitivity and beta-cell dysfunction in HIV-1-infected patients 

several months after starting a PI-containing regimen 10, 17, 19. In healthy volunteers, 

administration of a single dose of the PI indinavir reduced peripheral glucose uptake 

during a hyperinsulinemic clamp 21. 

NRTI drugs are thought to contribute mainly indirectly to disturbances in glucose 

metabolism by inducing changes in body fat distribution 24, 25. This could explain why 

cumulative exposure to particular NRTI was found to be independently associated with 

markers of insulin resistance 26. It has also been reported, however, that in ART-naive, 

HIV-1-infected patients, insulin resistance develops as early as 4 weeks after initiating 

cART containing didanosine and stavudine, but not after abacavir plus 3TC 27. This could 

suggest that particular NRTI drugs may also disturb glucose metabolism more directly. 

In contrast to PI and NRTI, nonnucleoside reverse transcriptase inhibitors (NNRTI) have 

not been implicated in alterations in glucose metabolism.

This study has sought to obtain more insight into the contribution of individual drug 

classes, NRTI in particular, and into the sequence of onset of metabolic disturbances 

by examining body composition and glucose metabolism in detail in a subset of 20 

participants from a randomized clinical trial in ART-naive, HIV-1-infected patients. This 

trial compares a NRTI-containing regimen of zidovudine (AZT) plus lamivudine (3TC) plus 

ritonavir-boosted lopinavir (LPV/r) with a NRTI-sparing regimen of nevirapine (NVP) plus 

LPV/r. The primary objective of the substudy was to assess the impact of both regimens 

on glucose metabolism (peripheral glucose disposal, endogenous glucose production) 

and body composition over time, as well as to compare the effects between both arms. 

Secondary objectives included the effects and comparisons of these 2 arms on lipolysis, 

free fatty acids (FFA), glucoregulatory hormones and lipids. The results reported here 

cover the first 3 months of treatment.
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Patients and methods

Subjects and study design
Subjects were participants in the ‘MEDICLAS’ (metabolic effects of different classes 

of antiretrovirals) trial. This is an ongoing, multicenter, multinational, single-blinded, 

randomized trial over 144 weeks in 50 previously antiretroviral-naive male patients, 18-70 

years old, with an indication to start cART. The trial compares a NRTI-containing regimen 

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

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

with obesity (body mass index (BMI) >35 kg/m2), a history of hyperlipidemia (according 

to the treating physician) or diabetes mellitus were excluded, as well as patients using 

medication that could affect glucose metabolism, e.g. systemic corticosteroids. For the 

purpose of the substudy, patients with active infections in the preceding 2 months and/

or patients with wasting (defined as a recent loss of  >10% of body weight) were also 

excluded.

In the subgroup, glucose metabolism was investigated by hyperinsulinemic-euglycemic 

clamps 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 timepoints by abdominal 

computed tomography- (CT) and dual-energy X-ray absorptiometry (DEXA) scan. Patients 

could be recruited into the substudy if they were followed at the Academic Medical 

Center, The Netherlands or could be referred there from neighboring participating 

centers or at the Helsinki University Central Hospital, Finland, as these were the only 

sites able to perform the clamp studies according to a common protocol (see below). 

The study was approved by the Medical Ethical Committees of all participating centers. 

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

Randomization procedure
At the central study coordinating center, a treatment allocation sequence (1:1 for LPV/

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

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 substudy.

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 at 10 am, subjects were admitted to 

the metabolic clinical research center and studied in supine position. They fasted till the 
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end of the study day and were only allowed to drink water. Antiretroviral medication 

was taken without food on the study day. A catheter was inserted in the antecubital 

vein of each arm. One catheter was used for sampling of arterialized blood, using a 

thermoregulated (60ºC) box and the other for infusion of [6,6-2H2]-glucose, [2H5]-

glycerol, insulin and glucose 20%. 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, US) was started at a rate of 

0.11 μmol/kg/min, after a priming dose of 8.8 μmol/kg. At T=-1.30 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 until T=0, blood samples were drawn every 10 minutes for 

determination of the rate of appearance (Ra) of glucose and glycerol. Subsequently at 

T=0, 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 at a rate of 20 mU/m2 body 

surface area/min. Plasma glucose concentration was measured every 5 minutes (Beckman 

glucose analyzer-2, Palo Alto, CA, USA) and glucose 20% was infused at a variable rate 

to maintain euglycemia. [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 28, 29. During the last hour of insulin 

infusion, samples were drawn every 10 minutes for determination of the Ra of glucose 

and glycerol. Blood for measurement of concentrations of cortisol, catecholamines, 

glucagon, insulin, FFA, soluble TNF-α receptor (sTNFR) 1 and 2 and adiponectin was 

collected at T=-0.30 and T=0 and at the end of the hyperinsulinemic clamp at T=2.00 and 

T=2.30. LPV concentrations were measured in the week preceding and at the end of each 

hyperinsulinemic clamp. Blood samples were kept on ice immediately after collection and 

subsequently centrifuged for 10 minutes at 3000 rpm at 4ºC. All plasma samples were 

stored at –20°C.

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 (sum of arm and leg fat) and trunk fat mass in 

kg. 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 cm2.
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Analytical procedures
Plasma insulin, cortisol, catecholamines, glucagon, FFA, sTNFR 1, sTNFR 2 and adiponectin 

concentrations were measured as described before 30, 31. Plasma HIV-1 RNA was 

measured in the participating centers by various tests with a lower limit of quantification 

of 50 copies/mL. LPV concentration was analysed using a validated HPLC-method using 

diode-array detection: coefficient of variation 1.6% at 1.98 mg/L and 1.7% at 7.96 mg/L; 

detection limit 0.008 mg/L. Plasma samples for enrichments of [6,6-2H2]-glucose and 

[2H5]-glycerol were determined as described before 32, 33.

Calculations and statistical analysis
Ra of glucose, peripheral glucose disposal and Ra of glycerol were calculated with a 

modified form of Steele equations, as described before 5, 34. LPV concentration ratios 

were calculated by dividing the measured concentration by the expected concentration 

from the reference curve.

All participants were evaluated as their own control. Analyses were by intent to treat. 

Mean within-group changes were analyzed by paired Student’s t-tests. In both groups, 

for each parameter, the difference was calculated between the value at month 3 and 

at baseline. Subsequently, the mean differences between the 2 treatment arms were 

analyzed by Wilcoxon tests. Alpha <0.05 was considered statistically significant. Data are 

presented as median (interquartile range (IQR)). SPSS statistical software version 12.0.1 

(SPSS Inc, Chicago, IL) was used for all analyses.

Results

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

June 2005. Twenty of these patients were also enrolled in the substudy; 11 patients were 

randomly assigned to LPV/r+AZT/3TC and 9 patients to LPV/r+NVP. Their demographic 

and clinical characteristics are shown in Table 1. For one patient in the LPV/r+AZT/3TC 

group, data on glucose metabolism during the hyperinsulinemic clamp could not be 

included in the analysis because of technical failure during the conduct of the clamp. 

In the LPV/r+NVP group, data at 3 months were not included in the analysis from 2 

patients, one because he did not return for the visit and the second because of acute 

hepatitis A infection. One patient in the LPV/r+NVP arm discontinued ART after 4 weeks 

because of toxic hepatitis. Following complete recovery, just after the 3 month visit, he 
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resumed LPV/r, with efavirenz instead of NVP. The data of this patient were included in 

the analysis. None of the patients started concomitant medication that could be expected 

to influence glucose metabolism between start of cART and the visit at 3 months.

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

similar increases in CD4 cell count and decreases in HIV-1 RNA. At month 3, there were 

no significant differences in concentration ratios of LPV taken in the week preceding the 

clamp between the 2 arms. LPV concentrations and concentration ratios during the last 

hour of the hyperinsulinemic clamp, although slightly low because the previous LPV dose 

had been taken while fasting, did not differ between the arms.

Body composition (Table 2)
There were no significant changes in any of the body composition parameters over the 

course of 3 months, with the exception of a minor decline in abdominal SAT (p<0.05) 

and in trunk fat (p<0.05) in patients randomized to LPV/r+NVP. Of note, limb fat did not 

change significantly in either arm, whereas VAT showed a declining trend in both the 

AZT/3TC and the NVP arm (p=0.06 and p=0.15, respectively). 

Table 1. Patient characteristics, virological and immunological parameters

LPV/r+AZT/3TC LPV/r+NVP

Months 0 3 0 3

Number 11 11 9 8

Age (y) 38 (34-41) 46 (41-53)

Weight (kg) 82 (62-86) 79 (62-87) 78 (75-87) 77 (71-88)

BMI (kg/m2) 24 (21-26) 24 (21-26) 23 (22-27) 23 (22-27)

CDC Class (%)

A 64% 56%

B 18% 44%

C 18% 0%

HIV-1 RNA (log10 c/ml) 5.1 (4.8-5.3) 2.1 (1.7-2.4) 4.8 (4.6-5.6) 1.7 (1.7-2.5)

CD4-cell count (x106 cells/l) 200 (85-272) 250 (145-394) 200 (135-284) 330 (278-490)

Lopinavir concentration ratios:

 - in week preceding the clamp NA 1.34 (0.87-1.91) NA 1.44 (0.73-1.50)

 - during last hour of the clamp NA 0.90 (0.52-1.00) NA 0.84 (0.23-1.37)

Lopinavir concentration (mg/l):

 - during last hour of the clamp NA 5.90 (3.65-7.80) NA 6.40 (1.58-9.18)

Data represent median (IQR), NA= not applicable
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Table 2. Body composition, glucoregulatory hormones and lipid profile

LPV/r+AZT/3TC

Month 0 3 change

Body composition N=11 N=11

limb fat (kg) 7.3 (4.5-9.3) 6.4 (3.2-10.5) 0.3 (-0.9-1.2)

Trunk fat (kg) 7.3 (3.5-9.1) 7.7 (3.5-9.7) -0.1 (-0.4-0.5)

VAT (cm2) 115 (40-164) 103 (51-144) -12 (-20-12)

SAT (cm2) 118 (56-173) 113 (46-171) -4 (-10-8)

Hormones N=11 N=11

Cortisol (nmol/l) 199 (138-244) 224 (194-286) 2 (-31-107)

Glucagon (ng/l) 57 (50-71) 58 (47-65) -3 (-12-4)

Epinephrine (nmol/l) 0.12 (0.10-0.16) 0.13 (0.08-0.15) 0.00 (-0.02-0.04)

Norepinephrine (nmol/l) 1.04 (0.95-1.39) 0.72 (0.48-1.23) -0.33 (-0.50--0.06)*#

Adiponectin (μg/ml) 6.5 (4.2-7.5) 6.8 (5.4-7.6) 0.1 (-0.4-1.5)

Sol TNF-α receptor 1 (ng/ml) 2.0 (1.7-2.1) 1.6 (1.4-2.0) -0.2 (-0.5--0.1)†

Sol TNF-α receptor 2 (ng/ml) 10.0 (7.7-10.8) 6.7 (5.8-8.6) -2.2 (-3.9--1.5)‡

Lipid profile N=11 N=11

Total cholesterol (mmol/l) 3.8 (3.5-5.1) 5.2 (4.0-6.1) 1.1 (0.2-1.5)‡

HDL- cholesterol (mmol/l) 1.04 (0.83-1.23) 1.13 (1.00-1.50) 0.10 (0.00-0.30)*

LDL- cholesterol (mmol/l) 2.2 (1.7-3.2) 2.1 (2.1-3.2) 0.2 (-0.1-0.6)

Triglycerides (mmol/l) 1.4 (0.9-2.1) 2.9 (2.0-4.7) 1.2 (0.8-1.8)*

Data represent median (IQR), *p<0.05, †p<0.005, ‡p<0.001 within group, **p<0.05, #p<0.01 
between groups

Table 3. Glucose metabolism

LPV/r+AZT/3TC

Month 0 3 change

Fasting N=11 N=11

Glucose (mmol/l) 5.2 (5.1-5.6) 5.5 (5.3-5.8) 0.2 (-0.2-0.5)

Insulin (pmol/l) 41 (22-55) 40 (34-69) 12 (-11-23)

Endogenous glucose production$ 3.9 (2.6-4.4) 4.1 (3.5-4.9) 0.3 (-0.6-1.8)

Glycerol rate of appearance$ 1.63 (1.28-2.23) 1.85 (1.58-2.61) 0.33 (0.11-0.76)†

Free fatty acid (mmol/l) 0.34 (0.23-0.48) 0.67 (0.56-0.77) 0.30 (0.17-0.46)‡**

Clamp N=11 N=10

Glucose (mmol/l) 5.0 (4.9-5.1) 5.0 (4.9-5.0) -0.1 (-0.1-0.0)

Insulin (pmol/l) 191 (161-203) 171 (151-207) -3 (-26-23)

Endogenous glucose production$ 3.9 (2.6-4.4) 4.1 (3.5-4.9) 0.3 (-0.6-1.8)

Peripheral glucose disposal$ 22.8 (20.1-29.6) 16.6 (14.6-24.6) -5.1 (-7.2--4.0)‡#

Glycerol rate of appearance$ 0.71 (0.62-0.87) 0.76 (0.51-0.79) -0.06 (-0.19-0.14)

Free fatty acid (mmol/l) 0.05 (0.03-0.07) 0.08 (0.03-0.11) 0.01 (0.00-0.04)*

Data represent median (IQR), $μmol/kg/min, *p<0.05, †p<0.005, ‡p<0.001 within group, 
**p<0.05, # p<0.01 between groups
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LPV/r+NVP

0 3 change

N=9 N=8

6.4 (5.9-7.1) 6.2 (4.6-7.2) -0.3 (-0.6-0.5)

6.8 (4.8-7.7) 6.5 (5.0-8.6) -0.8 (-1.5--0.2)* **

113 (67-130) 96 (63-156) -14 (-26--7)

110 (80-133) 109 (80-136) -6 (-13--3)*

N=9 N=7

190 (170-322) 135 (105-401) -44 (-66-80)

67 (54-87) 56 (46-63) -28 (-30-2)*

0.06 (0.04-0.16) 0.11 (0.08-0.27) 0.04 (-0.05-0.10)

1.02 (0.52-1.41) 1.62 (0.64-2.54) 0.61 (0.12-0.73)

7.0 (4.7-8.8) 9.5 (5.9-11.3) 1.3 (-0.4-2.5)

1.7 (1.5-1.8) 1.5 (1.3-2.0) -0.2 (-0.4-0.3)

9.0 (8.3-12.7) 6.1 (5.6-7.8) -2.8 (-6.6--0.6)

N=9 N=8

4.3 (4.0-4.6) 5.4 (4.8-6.6) 0.9 (0.6-1.7)*

1.12 (1.01-1.48) 1.30 (1.18-1.76) 0.30 (0.10-0.50)*

2.3 (2.1-2.8) 3.1 (2.8-3.3) 0.7 (-0.1-0.8)

1.5 (0.9-1.5) 2.2 (1.7-3.1) 1.0 (0.1-1.3)*

LPV/r+NVP

0 3 change

N=9 N=7

5.2 (5.1-5.3) 5.3 (5.1-5.8) 0.3 (0.0-0.5)

36 (22-77) 40 (34-45) -12 (-17-13)

11.7 (10.2-12.0) 11.4 (10.8-12.5) 0.5 (-0.6-0.8)

1.63 (1.41-2.17) 1.96 (1.63-2.17) 0.11 (-0.21-0.22)

0.49 (0.46-0.59) 0.63 (0.46-0.70) 0.09 (-0.11-0.17)

N=9 N=7

5.0 (4.8-5.1) 4.9 (4.9-5.1) -0.1 (-0.2-0.3)

179 (133-207) 182 (150-195) -1 (-17-33)

4.6 (3.1-5.6) 3.9 (2.7-4.8) -0.7 (-1.9-0.3)

19.2 (13.4-22.8) 20.6 (18.6-24.3) 2.2 (-4.2-6.8)

0.76 (0.65-0.87) 0.65 (0.54-0.65) -0.11 (-0.33--0.11)

0.05 (0.05-0.13) 0.05 (0.03-0.08) -0.03 (-0.07-0.05)
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Glucose metabolism (Table 3)
There were no significant changes in fasting plasma glucose or insulin levels after 3 

months compared to baseline in either of the 2 treatment arms. In addition, there 

were no changes in fasting endogenous glucose production in either arm. During 

hyperinsulinemia, glucose production could also be suppressed equally at month 3 when 

compared with baseline in both groups. Treatment with LPV/r+NVP did not result in 

a significant change of peripheral glucose disposal during the hyperinsulinemic clamp. 

In contrast, in the LPV/r+AZT/3TC arm, insulin-stimulated peripheral glucose disposal 

decreased significantly by 25% after 3 months of therapy (p<0.001) (Figure 1). This 

resulted in a significant difference in glucose disposal over time between patients in the 

2 treatment arms (p<0.01).

Figure 1. Left: Rate of peripheral glucose disposal (Rd) (μmol/kg/min) during hyperinsulinemia in 
the individual patients (N=10) before and after 3 months of therapy with LPV/r+AZT/3TC. 
--- = mean of all patients, * p<0.001. Right: Rate of peripheral glucose disposal (Rd) (μmol/kg/min) 
during hyperinsulinemia in the individual patients (N=7) before and after 3 months of therapy with 
LPV/r+NVP, --- = mean of all patients

Lipolysis (Table 3)
After a 12h-fast as well as during the hyperinsulinemic clamp, glycerol turnover did not 

change in the LPV/r+NVP group over the course of 3 months. In contrast, in the LPV/

r+AZT/3TC group, fasting glycerol turnover had significantly increased by 22%, 3 months 

after starting therapy (p<0.005). During hyperinsulinemia, however, glycerol turnover was 

suppressed equally at month 3 when compared to baseline in the LPV/r+AZT/3TC arm. In 

agreement with the enhanced glycerol turnover after an overnight fast, fasting plasma 

FFA levels were 84% higher in the LPV/r+AZT/3TC group after 3 months (p<0.001). 

In the LPV/r+NVP group, fasting FFA levels did not change over time. As a result, the 
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change in fasting FFA levels was significantly different when comparing the treatment 

arms (p<0.05). Additionally, after 3 months of treatment with LPV/r+AZT/3TC, FFA 

concentrations were slightly but significantly higher during the clamp (p<0.05). There 

was no significant correlation between the change in insulin-mediated glucose disposal 

and the change in fasting glycerol turnover (r= 0.13).

Glucoregulatory hormones and lipid profile (Table 2) 
There were no significant differences in fasting plasma concentrations of cortisol or 

epinephrine over time in either treatment group. In the LPV/r+NVP group, fasting plasma 

levels of glucagon significantly decreased (p<0.05), whereas in the LPV/r+AZT/3TC group, 

norepinephrine levels decreased after starting treatment (p<0.05). Plasma adiponectin 

concentrations did not change significantly after 3 months of therapy. Concentrations of 

sTNFR 1 and 2 decreased in both arms, but the declines were only significant in the LPV/

r+AZT/3TC arm (p<0.005 and p<0.001 respectively). Plasma total-, HDL-cholesterol and 

triglyceride levels were significantly higher after treatment in both groups (p<0.05) with 

no significant differences between groups.

Discussion

Dyslipidemia, body fat redistribution and disturbed glucose homeostasis are frequently 

seen in HIV-1-infected patients treated with cART 3, 6. Once patients have developed 

clinically overt signs of lipodystrophy, the disturbances in glucose metabolism have been 

shown to include insulin resistance at the level of peripheral glucose disposal, hepatic 

glucose production and lipolysis 4, 5, 9, 35. The present study to our knowledge is the 

first prospective randomized clinical trial that attempts to investigate the onset of the 

derangements in glucose kinetics and body composition in relation to commencing 

treatment with different cART regimens, with and without NRTI, in HIV-1-infected, ART-

naive patients, by conducting hyperinsulinemic-euglycemic clamps. Our results show 

that treatment with a NRTI-containing regimen of LPV/r+AZT/3TC, in the absence of 

significant changes in body fat distribution, led to a 25% decrease in insulin-mediated 

peripheral glucose disposal and a 22% increase in fasting lipolysis after as little as 3 

months, while this was not the case in patients randomized to a NRTI-sparing regimen 

of LPV/r+NVP.

Results from detailed prospective studies on the metabolic side-effects of ART in HIV-

1-infected patients thus far are limited. Only a few studies have tried to investigate the 
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effects of the PI class on insulin sensitivity, measured by the intravenous glucose tolerance 

test, the homeostatic model assessment (HOMA) index and the hyperglycemic clamp. 

These studies showed that in HIV-1-infected patients, insulin resistance was already 

present several months after starting a PI-containing regimen 10, 17, 19. Since these 

studies contained a mixture of ART-naive and ART-experienced patients and the regimens 

included NRTI drugs, it is impossible to conclude whether the observed reduction in 

insulin sensitivity could be attributed only to the use of a PI. The effect of different PI on 

glucose metabolism has been studied in HIV-1-uninfected volunteers. Administration of 

the PI indinavir, both as a single dose and during 4 weeks, reduced peripheral glucose 

disposal and increased endogenous glucose production during a hyperinsulinemic clamp 
20, 21, 23. The effects observed with short-term exposure to LPV/r differ however; insulin 

sensitivity with respect to glucose disposal decreased after a single dose and after 5 days 

of exposure 13, 22, but not after 4 weeks of LPV/r treatment 36. In line with these human 

studies, studies in healthy rodents showed an acute reduction in peripheral glucose 

uptake after administration of several PI drugs, including LPV/r 12, 18. Moreover, these 

studies showed that glucose transport in both skeletal muscle and adipose tissue was 

affected. In-vitro research has shown that several PI, including ritonavir, are able to acutely 

inhibit the activity of glucose transporter-4 (GLUT-4) 11, 14, thereby offering a possible 

explanation for the peripheral insulin resistance found in healthy volunteers and HIV-1-

infected patients with lipodystrophy. Besides PI, NRTI drugs have also been associated 

with insulin resistance in patients with HIV-1-infection. Duration of exposure to NRTI 

has been reported to be independently associated with insulin resistance, as measured 

by fasting insulin levels and the QUICKI index in a number of observational studies 26, 

37. These findings could potentially be explained as indirect effects of NRTI by virtue of 

their association with the development of changes in body fat distribution, especially 

lipoatrophy 24, 25. However, evidence from a randomized trial conducted in previously ART-

naive subjects demonstrated early and sustained increases in fasting serum insulin levels 

and in HOMA indices, as short as 4 weeks after treatment initiation with cART containing 

a thymidine analogue, including stavudine plus didanosine, but not with a thymidine 

analogue-sparing combination of abacavir plus lamivudine 27. These results suggested 

that thymidine analogue NRTI in particular may contribute to the early onset of insulin 

resistance, before any clinically noticeable changes in body fat distribution are present. A 

recent placebo-controlled study in healthy HIV-uninfected volunteers demonstrated that 

administration of stavudine during 4 weeks indeed resulted in a significant decrease in 

insulin sensitivity measured by hyperinsulinemic-euglycemic clamps, without changes in 

body composition. Interestingly, 31P magnetic resonance spectroscopy revealed reduced 



C
hanges in m

etabolism
 after starting antiretroviral therapy

103

C
hapter 6

mitochondrial function in skeletal muscle, which correlated significantly with insulin 

sensitivity. In addition, mitochondrial DNA-content was reduced in muscle biopsies of 

stavudine recipients 38.

The present study, which employed serial hyperinsulinemic-euglycemic clamps, found 

a reduction in peripheral insulin sensitivity in the absence of significant changes in body 

fat distribution, after only 3 months in patients taking LPV/r+AZT/3TC, as opposed to 

those treated with LPV/r+NVP. The latter may seem in contrast with the findings from 

earlier studies assessing changes in insulin sensitivity following the introduction of PI in 

antiretroviral regimens 10, 17, 19. Of note however, the PI in those studies did not include 

LPV/r. Furthermore, patients were concomitantly receiving NRTI in most instances, which 

could have contributed to the reported changes in glucose metabolism. Nonetheless, 

LPV/r did result in a change in insulin sensitivity when administered as monotherapy to 

healthy HIV-1-uninfected persons 13, 22. The difference in duration of LPV/r exposure 

between our study (3 months) and the studies conducted in healthy volunteers (single 

dose and 5 days) may be relevant and an earlier reduction in insulin sensitivity in our 

patients on LPV/r+NVP, which had disappeared after 3 months, cannot be ruled out.

The changes in glucose metabolism in the NRTI-containing arm, as opposed to the 

nucleoside-sparing arm, suggest that exposure to AZT/3TC may have contributed to the 

development of alterations in glucose metabolism. This is in accordance with a number 

of observations concerning the potential contribution of NRTI to the development of 

insulin resistance 26, 27, 37. NRTI, particularly the thymidine analogues d4T and AZT, have 

been shown to play an important role in the onset of lipoatrophy 39. Since lipoatrophy 

has independently been associated with insulin resistance, NRTI have been suggested to 

affect glucose metabolism indirectly via a decrease in peripheral fat 24, 25. In the present 

study, however, LPV/r+AZT/3TC treatment resulted in disturbed glucose metabolism in 

the absence of changes in fat distribution. We can not rule out the possibility of having 

missed a small decline in peripheral fat because of a concomitant increase in fat due to 

recovery from HIV-wasting, as has been described before in patients starting ART 40, 41, 

but find it an unlikely confounding factor as patients with wasting were excluded and LPV/

r+NVP treatment, which is not expected to result in lipoatrophy, likewise did not result in 

increased fat amounts. This suggests that AZT/3TC may have directly contributed to the 

development of reduced insulin sensitivity, for which different possible mechanisms could 

have been responsible. Some NRTI drugs have been shown to disturb the production 

and secretion of adipocytokines, which in turn could affect glucose metabolism. In 3T3 

culture adipocytes, d4T and ZDV both decreased adiponectin production, whereas the 

production of TNF-α, IL-6 and IL-1 was enhanced 42. However, in the present study 
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adiponectin levels were unchanged after 3 months, whereas levels of sTNFR 1 and 2 

decreased rather than increased in the LPV/r+AZT/3TC arm. These results argue against 

abnormal adipocytokine secretion as an explanation for insulin insensitivity. In our study, 

LPV/r+AZT/3TC treatment resulted in stimulation of fasting lipolysis with increased plasma 

FFA levels, which may indicate resistance to insulin’s suppressive effect on lipolysis. As 

FFA have a negative influence on the signaling pathway of insulin 43, 44, increased levels 

could have contributed to insulin resistance with respect to peripheral glucose disposal 

in the LPV/r+AZT/3TC arm. However, since patients with HIV-associated lipodystrophy 

remained insulin resistant (albeit less so) after FFA levels were acutely lowered by 

administration of the lipolysis inhibitor acipimox 45, additional factors are involved as well. 

There might be an important role for mitochondria in fat and muscle in the development 

of insulin insensitivity. NRTI have been associated with mitochondrial toxicity 38, 46-49. 

A decline in oxidative phosphorylation, resulting from mitochondrial dysfunction, could 

result in accumulation of FFA (metabolites), which, in turn, could have a negative effect 

on the signaling cascade of insulin 43, 44 and may reinforce mitochondrial dysfunction 44, 

50. NRTI-induced mitochondrial dysfunction as a cause for insulin insensitivity has been 

suggested by a recent study in healthy volunteers 38.

With respect to plasma lipids, total cholesterol and triglyceride levels increased 

significantly in both arms after 3 months, which was not unexpected given the presence 

of LPV/r in both regimens 51, 52. Compatible with observations in other trials of potent 

cART in ART-naive, HIV-1-infected individuals, HDL-cholesterol likewise increased in both 

arms 53, 54. Further follow-up of lipid changes in all ‘MEDICLAS’ trial participants will be 

needed to determine whether the rise in HDL-cholesterol will be significantly greater in 

the NVP-containing arm.

In conclusion, treatment with the NRTI-containing regimen LPV/r+AZT/3TC, as opposed 

to the NRTI-sparing regimen LPV/r+NVP, resulted in a 25% decrease in insulin-mediated 

peripheral glucose disposal and a 22% increase in fasting lipolysis after only 3 months, 

in the absence of discernable changes in body composition. These findings suggest 

that certain NRTI may directly contribute to ART-associated disturbances in glucose 

metabolism, the precise underlying mechanism of which remains to be elucidated, but 

could include NRTI-induced mitochondrial dysfunction. Follow-up of participants in our 

trial is ongoing and will need to determine to what extent these regimens will continue 

to differ with respect to their effects on peripheral insulin sensitivity and, over the longer 

term, potentially also on other aspects of glucose metabolism, body fat distribution and 

lipid abnormalities. Meanwhile avoiding thymidine analogue NRTI might be appropriate, 

particularly in patients with (a predisposition to develop) diabetes mellitus. 
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