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InsulinInsulin resistance in lipodystrophy 

Int roduct io n n 

Combinationn antiretroviral therapy including protease inhibitors for the 

treatmentt of HIV-1 infected patients has been associated with the 

developmentt of a fat redistribution syndrome, which may include both 

centrall  fat accumulation and peripheral fat wasting [1]. These changes 

inn body fat distribution are frequently accompanied by insulin 

resistancee [2,3]. Insulin resistance is frequently described only in terms 

off  an impairment in the effects of insulin on the uptake of glucose in 

peripherall  tissues. However, insulin influences several metabolic 

pathways.. Insulin increases peripheral uptake of glucose, but decreases 

endogenouss glucose production, the rate of lipolysis and of proteolysis. 

Insulinn sensitivity in HIV related lipodystrophy has only been described 

inn terms of the effects of insulin on peripheral glucose uptake, but not in 

termss of other effects of insulin. 

Thee aim of the present study was to evaluate the effects of the 

combinationn of HIV infection and lipodystrophy on postabsorptive 

glucosee production and insulin sensitivity with respect to the 

suppressivee effects of insulin on endogenous glucose production. 

Furthermore,, we measured oxidative and non-oxidative glucose 

disposal.. In addition we measured plasma free fatty acid (FFA) levels as 

aa reflection of lipolysis. 
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Subjectss and Methods 

Subjects Subjects 

Wee studied 7 HIV-1 positive men with lipodystrophy (HIV+LD ) who 

weree included in the 'Reverse' study. This is an ongoing protocol in 

whichh HIV-1 infected patients with lipodystrophy are examined for 

reversibilityy of the syndrome when replacing the protease inhibitor 

componentt in their regimen by the nucleoside reverse transcriptase 

inhibitorr abacavir. Pat ients eligible for inclusion in this study have to 

usee a protease inhibitor-containing regimen and have a plasma HIV-1 

RNAA level below 400 copies per millilitr e for at least 6 months. Patients 

wit hh diabetes melllitus, defined as having a fasting glucose 

concentrationn above 7.0 mmol/1, were excluded[4]. 

Afterr 6 weeks of adding abacavir (300mg, two times daily) to their 

currentt regimen, pat ients are randomized to either discontinue their 

proteasee inhibitors immediately, or continue protease inhibitor use for 

anotherr 12 weeks and then stop. Patients referred for this protocol had 

lipodystrophyy in the opinion of their treating physician. Prior to being 

includedd this was confirmed by physical examination and by obtaining 

thee pat ients' history by two study physicians. Lipodystrophy was 

definedd as the presence of peripheral lipoatrophy, central fat 

accumulationn or both. Al l assessments reported for the HIV+L D group 

weree performed six weeks after adding abacavir to the current 

antiretrovirall  regimen. We included patients who reached this point 

betweenn February 2000 and November 2000. In the final analysis, one 

off  these seven patients was excluded, because of a technical failure 

whilee performing the hyperinsulinaemic euglycaemic glucose clamp. 

Sixx healthy subjects with similar age and BMI were studied as controls. 

Thesee were also included in another, unrelated dietary intervention 

study,, the results of which have been published elsewhere. [5] The 
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patientss and the controls had used a balanced diet in the weeks before 

thee study. 

Bothh studies were approved by the institutional review board of the 

Academicc Medical Center in Amsterdam. Written informed consent was 

obtainedd from all subjects. 

HyperinsulinaemicHyperinsulinaemic euglycaemic clamp protocol (figure 1) 

Figuree 1 

variablee glucose infusion 

infusionn of insulin 20 mU/m2/min 

boluss (17,6 |jmol /kg) and continuous infusion (0,22|jmol /kg/minute) of 6,6-D2-glucose 

t=-2 2 tt = 0 tt = + 0.5 tt = +2 t=2.5 5 tt  = 3 

tt t t t 
tt t 

t t tt  t t t t 6,6-D2-glucose 

tt t 
tt = -2 hrs = 09.00 am The bars represent continous infusion from that time onward. 

6,66 D2 glucose: [6,6-2H2]glucose; hrs: hours FFA: free fatty acids, 

Hormones s 
andd FFA 

Subjectss were admitted to the metabolic clinical research centre 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 [6,6-2H2]-glucose, glucose 20% 

andd insulin. At 09.00 hrs. (t= - 2 hr.), after drawing a blood sample for 

backgroundd enrichment of plasma glucose, a continuous infusion of [6,6-
2H2]glucosee (>99 % enriched, Cambridge Isotopes, Ma, US) was started 

att a rate of 0.22 umol-kg ^m in1 after a priming dose was administered 

whichh equalled 80 minutes of infusion. After 120, 130, 140 and 150 
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minutess blood samples were drawn for determination of basal 

endogenouss glucose production. FFA concentrations were measured at 

1200 and 150 minutes. Subsequently at t= + 0,5 hr. a primed continuous 

infusionn of insulin (Actrapid 100 EH/mL, Novo Nordisk Farma B.V., 

Alphenn ad Rijn, The Netherlands) was started for 2,5 hours at a rate of 

200 mU-m-2 body surface a reamin1 . Plasma glucose concentration was 

measuredd every 5 minutes (Beekman glucose analyzer 2, Palo Alto, CA, 

US)) and glucose 20% was infused at a variable rate to maintain plasma 

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

solutionn to achieve glucose enrichments of 2 % to minimize changes in 

isotopicc enrichment due to changes in the infusion rate of exogenous 

glucose,, and thus to allow for accurate quantification of endogenous 

glucosee production [6,7]. The last hour of insulin infusion every 10 

minutess blood samples were drawn for determination of endogenous 

glucosee production. FFA concentrations were measured at t= 2,5 hr. and 

att t=3 hr. During the study subjects were only allowed to drink water. 

IndirectIndirect calorimetry 

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

byy indirect calorimetry using a ventilated hood system (Sensormedics 

modell  2900, Anaheim, Ca). VÖ2 and VCO2 were measured continuously 

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

periods. . 

BodyBody composition 

Bodyy composition was measured with a body impedance analyzer (BIA 

1099 Akern, Florence, Italy) the morning before the start of the isotope 

infusionn study. 
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AnalyticalAnalytical procedures 

Plasmaa insulin concentration were 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). Serum fatty acids were measured by an 

enzymaticc method (NEFAC; Wako chemicals GmbH, Neuss, Germany, 

intra-assayy c.v. 2-4 %, inter-assay c.v.: 3-6 %, detection limit : 0.02 

mmol/L). . 

GasGas Chromatography-Mass Spectrometry 

Plasmaa samples for glucose enrichments of [6,6-2H2]glucose were 

deproteinizedd with methanol [8]. The aldonitril penta-acetate derivative 

off  glucose [9] was injected into a gas chromatograph/mass spectrometer 

systemm (HP 6890 series II gas chromatograph equipped with a 

split/splitlesss injector and an HP 5973 model mass selective detector). 

Separationn was achieved on a J&W DB17 column (30 m  0.25 mm, df 

0.255 um). Glucose was monitored at m/z 187, m/z 188 and m/z 189. 

Withinn each series three control samples with known enrichments were 

measuredd for quality control. Glucose enrichments were calculated by 

dividingg the area of the m/z 189 peak by total peak area. Xylose was 

usedd as an internal standard to measure glucose concentration. 
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CalculationsCalculations and statistics 

Whenn endogenous glucose production (Ra) and glucose disposal (Rd) are 

calculated,, the added source of labeled glucose entering the system and 

thee exogenous glucose infusate should be taken into account. Thus, Ra 

andd Rd were calculated with a modified form of the Steele equations [5]: 

RR (t)J_L pre(0[dPct,(0/dt], 
d WW [Pctp(0 Pctp(r) 

and d 

RR (/)J— pVG(t)[d?ct?(t)/dt] { 
aa |Pctp(r) Pctp(r) 

Pct„ „ 
0 0 

Pctp(0 0 

Pet t 
gg jcGInf(0 

Pctp(0 0 

dt t 

-Glnf(0 0 

i nn which ƒ represents the constant tracer infusion rate (mgkg^min1) , t 

t ime,, PCTP(£) the percentage enrichment in plasma glucose taken as the 

averagee of 2 consecutive samples, p the pool fraction, V the distribution 

volumee of glucose, G(t) the plasma glucose concentration taken as the 

averagee of two consecutive samples, dPCTP(f)/dt the rate of change in 

thee percentage enrichment in plasma (min1), GInf(£) the rate of infusion 

off  exogenous glucose, PCTg the percent enrichment of the glucose 

infusatee and dG(t)/dt the rate of change of the plasma glucose 

concentration.. p V w as set at 165 mL/kg. Al l enrichments were corrected 

forr background enrichments. Reported Ra and Rd represent the mean 

valuess from 90 to 150 minutes of insulin infusion. 

Glucosee oxidation was calculated from V02, VC02 [10]. Non-oxidative 

glucosee disposal was calculated as the difference between total glucose 

disposall  and glucose oxidation. 

Al ll  data for both HIV+L D and controls are presented as median and 

interquart i lee ranges. The differences between HIV+L D subjects and 

controlss were analyzed by the Mann-Whitney test. The differences 
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withinn each group between basal measures and those obtained during 

thee hyperinsulinemic euglycemic clamp were analyzed by Wilcoxon's 

signed-rankk test. We used SPSS (SPSS v. 10.0.7 Inc, Chicago) for 

statisticall  analysis interpreted at an alpha level of 0.05. 
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Resul ts s 

PatientPatient disposition and baseline characteristics (table 1 and table 2) 

Thee HIV+L D subjects were comparable to controls with respect to both 

bodyy mass index,age total body fat and lean body mass (table 1). Median 

fastingg triglyceride concentrations were significantly higher in the 

HIV+L DD group when compared to the healthy controls (3.60 and 0.55 

mmol/1,, respectively (p=0.002)) Al l HIV+L D patients had HIV-1 viral 

loadss below 50 copies/ml at the time of assessment. The mean CD4 cell 

countt was 570 (430-755) cells /mm3. Antiretroviral drug history, details 

off  the regimens used, and body fat changes at enrollment for each of the 

patientss are shown in Table 2. 

Tabl ee 1 Characterististics of HIV positive subjects with lipodystrophy and controls 

HIV++ LP Controls JD 

BMI(kg/m2)) 23.9(21.7-27.0) 22,3(20.8-23.0) ns 

Agee (yr) 44 (40.8-48.0) 36 (32.0 -42.3) ns 

Triglyceridess (mmol/l) 3.60 (2.34 - 4.51) 0.55 (0.37-0.64) 0.002 

leann body mass (%) 82.6 (80.8-85.4) 83.0 (80.6-84.6) ns 

fatt mass (%) 17.5(14.6-19.2) 17.0(15.4-19.5) ns 

BMI:: body mass index, ns: not statistically different, yr: year 
Leann body mass and fat mass measured by body impedance analysisexpressed as 
percentagee from total weight. 
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Tablee 2. Antiretroviral treatment (ART) of all six HIV+LD patients, all previous 
usedd ART and body fat changes 

curren tt  ART regime n 

AZT/3TC/RTV(100 0 
mgg bid) /IDV (800 mg 

bid) ) 

month ss on curren t 
regime n n 

previousl yy  used ART 

AZT/ddl// IDV 

bod yy  fat change s 

accumulationn and 
atrophy y 

d4T/3TC/NFVV (1250 
mgg bid) 

28 8 
accumulationn and 

atrophy y 

d4T/3TC// RTV (400 
mgg bid) /SQV (400 

mgg bid) 
37 7 

accumulationn and 
atrophy y 

d4T/3TC// IDV(800 mg 
tid) ) 

34 4 atrophyy only 

d4T/3TC/RTV(100 0 
mgg bid) / IDV (800 

mgg bid) 
14 4 AZT/ddC/IDVV /NFV 

accumulationn and 
atrophy y 

d4T/3TC/NFVV (1250 
mgg bid) 17 7 RTV/SQV/IDV V 

accumulationn and 
atrophy y 

Iff not mentioned explicitly standard dosage is being used, bid: two times-daily, tid: three times-

daily,, qd: one time daily. ZDV: zidovudine 300 mg bid, 3TC: lamivudine 150 mg bid, 

d4T:stavudinee 40 mg bid, ddl : didanosine 400 mg qd, ddC: zalcitabine 0,75 mg bid, RTV: 

ritonavir,, IDV: indinavir, SQV: saquinavir, NFV: nelfinavir. atrophy: peripheral lipoatrophy, 

accumulation:: central fat accumulation 

Tablee 3 Endogenous glucose production at basal insulin levels and during 
euglycemicc hyperinsulinemic clamp-induced hyperinsulinemia and the relative 
suppressionn of endogenous glucose production in HIV+ patients with 
lipodystrophyy (n=6) and HIV- controls 

Condition n 

Basall insulin concentration 

Hyperinsulinemia a 

Suppressionn of endogenous 

glucosee production (%) 

Endogenouss glucose production 

HIV++ lipodystrophy Controls 

{jmolkg'{jmolkg'11 -min'1 

16.5(13.5-18.3)) 11.2(10.6-12.0) 

8.0(5.1-11.8)) 1.7(1.4-2.0) 

53(61-39)) 85(87-81) 

P P 

0.025 5 

0.004 4 

0.004 4 

Dataa are expressed as median  interquartile ranges 

95 5 



ChapterChapter 5 

EndogenousEndogenous glucose production (table 3) 

Bothh fasting plasma glucose and insulin concentrations in the HIV+L D 

pat ientss compared to controls were not statistically significant different 

(glucosee 5.6 (5.48-5.85) vs. 5.0 (4.95-5.2) mmol/L (p= 0.065); insulin 76.9 

(44.1-123.8)) vs. 39 (34.3-42.3) pmol/L, p= 0.132). During the 

hyperinsulinemicc euglycemic clamp plasma glucose concentrations were 

5.300 (5.21-5.38) and 5.13 (4.98-5.30) mmol/1, and insulin concentrations 

weree 188 (161-205) and 200 (173-211) pmol/L, in patients and controls, 

respectivelyy (differences not statistically significant). 

A tt basal insulin concentrations, endogenous glucose production was 

47%% higher in HIV+L D subjects compared to controls (p=0.025). During 

thee hyperinsulinemic euglycemic clamp endogenous glucose production 

wass suppressed to a lesser extent in HIV+L D patients (by 53 (61-39)% 

inn HIV+L D patients versus 85 (87-81)% in the controls, p=0.004). 
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PeripheralPeripheral glucose metabolism 

(Figure(Figure 2) 

Peripherall  glucose disposal and 

utilizationn are shown in Figure 2. At 

basall  insulin concentrations the 

mediann total glucose disposal was 16.5 

Limol/kg/minn and 11.2 umol/kg/min in 

HIV+L DD and controls, respectively (p= 

0.025).. The median non-oxidative 

glucosee disposal was 10.8 Lunol/kg/min 

inn the HIV+L D group and 4.9 

(unol/kg/minn in the controls (p = 0.004). 

Whenn expressing median basal non-

oxidativee glucose disposal as a 

percentagee of the total disposal this 

wass 71 % in the HIV+L D group, 

comparedd to 41% in the control group 

(p== 0.01). 

Mediann insulin-stimulated total 

glucosee disposal was lower in HIV+L D 

subjectss (20.1 Lunol/kg/min) when 

comparedd to the controls (31.9 

umol/kg/min,p=0.006). . 

Thee hyperinsulinemic clamp increased 

mediann total glucose disposal in both 

groupss compared with the basal period, 

butt by only 27% in the HIV+L D group 

ass compared to 201 % in controls 

(p=0.004).. Median nonoxidative glucose 

disposall  expressed as a percentage of 

totall  disposal was 63 % in the HIV+L D 

group,, while this was 62% in the 

controll  group (p= 0.997). 

Figur ee 2 Basal Clamp p 

re re 
w w 
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p== 0.422 p== 11 055 

HIV+LDD contro l HIV+LD contro l 

p== 0.004 p== 0.037 

T T 

HIV+LDD contro l HIV+LD contro l 

Boxx and whiskers plot of total glucose 
disposal,, oxidative glucose disposal and 
non-oxidativee glucose disposal at basal 
insulinn levels and during euglycemic 
hyperinsulinemicc clamp in HIV+ patients 
withh lipodystrophy (HIV+LD) and 
controlss (control). Data are median and 
interquartilee range; the bars represent 
thee complete range. P values represent 
resultss of Mann Whitney statistics of 
HIV+LDD versus controls. 
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FreeFree fatty acid concentrations 

Plasmaa fatty acid concentrations were higher in HIV+L D subjects: 0.60 

(0.47-0.68)) vs. 0.35 (0.28-0.44) mmol/1 (p=0.024) at basal insulin 

concentrations.. The reduction of plasma fatty acid concentrations by 

insulinn was less in HIV+L D subjects than in controls: 65 (78-51) vs. 85 

(87-84)) %, respectively, (p=0.01) resulting in higher plasma fatty acid 

concentrationss in HIV+L D subjects than in controls: 0.17 (0.12-0.35) vs. 

0.066 (0.05-0.06) mmol/L, respectively (p=0.004) during insulin infusion. 
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Discuss ion n 

Previouss studies have shown that lipodystrophy in HIV infected 

patientss is associated with peripheral insulin resistance using indirect 

indicatorss of insulin sensitivity [1-3]. Our results from the euglycemic 

hyperinsulinemicc clamp, which is considered the "gold standard" for 

assessmentt of insulin sensitivity, extends the results from these 

previouss studies. Endogenous glucose production was measured during 

thee hyperinsulinemic euglycemic clamp by means of stable isotopes to 

preventt an underestimation of insulin mediated glucose disposal. Our 

dataa show that HIV-1 positive men with lipodystrophy have increased 

ratess of post-absorptive glucose production and lipolysis, which is 

reflectedd in higher FFA concentrations. In addition, at insulin 

concentrationss of ~200 pmol/L the endogenous glucose production 

remainedd much higher in HIV+L D patients than in controls, in whom 

thee production was suppressed by 85% a value in accordance with data 

inn l i terature. [11,12] 

Insulinn stimulated oxidative and non-oxidative glucose disposal were 

alsoo reduced in HIV+LD , but this probably reflects decreased 

intracellularr glucose availability as no difference between patients and 

controlss was found when these values were expressed as percentage of 

totall  glucose disposal. Finally, the ability of insulin to reduce plasma 

FFAA levels was decreased. Taken together, these data indicate that HIV 

associatedd lipodystrophy syndrome is characterized by disturbances in 

multiplee pathways of glucose metabolism and in lipolysis, both under 

basall  conditions and during insulin infusion. 

Thee present study compared HIV-1 positive men with lipodystrophy 

treatedd with protease inhibitor-containing highly active antiretroviral 

therapy,, and healthy control subjects with a normal body fat 

distribution.. Thus, the groups differed with respect to being HIV-

infected,, using anti-retroviral therapy as well as the distribution of body 

fat.. We previously demonstrated in the pre-HAART era that insulin 

99 9 



ChapterChapter 5 

sensitivityy in pat ients with symptomatic HIV infection (without active 

ongoingg opportunistic diseases other than Kaposi's sarcoma and without 

wastingg syndrome) was increased rather than decreased [13,14]. 

Thereforee HIV infection per se does not explain the marked insulin 

resistancee demonstrated in the current study. HIV associated 

lipodystrophyy is clearly associated with insulin resistance, but it 

remainss uncertain whether the reduction in insulin sensitivity is caused 

directlyy by certain anti-retroviral drugs and/or by lipodystrophy itself. 

Nevertheless,, both in vitro and in vivo data indicate that certain drugs 

mayy have direct effects on glucose metabolism. The protease inhibitor 

indinavirr impairs insulin signalling in HepG2 hepatoma cells [15]. The 

administrat ionn of indinavir during 4 weeks to healthy HIV- negative 

volunteerss resulted in decreased glucose uptake as documented by 

elevatedd fasting plasma insulin and glucose concentrations, which were 

associatedd with insulin resistance as measured by a hyperinsulinemic 

euglycaemicc clamp [16]. Overt lipodystrophy was not observed in any of 

thesee volunteers. This observation, however, does not exclude the 

possibility,, that certain aspects of the lipodystrophy syndrome itself 

mayy be involved in the induction of insulin resistance, since clinically 

overtt lipodystrophy is expected to be preceded by alterations in overall 

lipi dd metabolism. Our results likewise do not allow to distinguish 

betweenn the effects on insulin sensitivity of antiretroviral therapy 

versuss those of the lipodystrophy syndrome. Carefully conducted 

prospectivee metabolic studies in HIV infected patients initiating 

HAARTT may be able to distinguish between the contribution of therapy 

andd changes in lipi d metabolism per se, towards the induction of insulin 

resistance. . 

Centropetall  obesity is a well-known risk factor for the induction of 

insulinn resistance [17]. Our observation of an increased basal glucose 

productionn together with a diminished suppressive effect of insulin on 

thiss production may be explained by the demonstrated alterations in 

lipolysis.. Fatty acids are known to stimulate glucose production [18]. 

Fat tyy acid concentrations were significantly higher in the HIV+L D 
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patientss compared to the controls during basal conditions, and also 

couldd be suppressed to a lesser extent during hyperinsulinemia. In 

lipodystrophyy the relative contribution of visceral fat to total body fat 

masss is increased, as a result of both a reduced peripheral and 

increasedd visceral fat mass. This redistribution in fat is likely to be 

associatedd with even more pronounced increased fatty acid 

concentrationss in the portal vein of patients with lipodystrophy. I t has 

recentlyy been shown, that FFA infusion directly in the portal vein of 

ratss leads to a decreased suppression of endogenous glucose production 

[19].. Likewise, increased basal glucose production rates and reduced 

suppressionn of endogenous glucose production by insulin were 

demonstratedd in healthy, nonobese subjects artificially exposed to 

elevatedd plasma fatty acid concentrations [20]. 

Nott all the differences observed between patients and controls in our 

studyy can be explained by a difference in plasma fatty acid 

concentrations.. The main determinant of the lower glucose oxidation 

ratee in our patients during the clamp seems to be the diminished 

stimulationn of glucose uptake by insulin. When a correction is made for 

thee differences in glucose uptake between patients and controls, equal 

ratess of glucose oxidation are obtained. This can not be explained by the 

observedd differences in plasma fatty acids, as earlier work by our group 

hass shown that an increase in plasma fatty acids in healthy volunteers 

specificallyy inhibits glucose oxidation, but not glucose uptake during an 

euglycemicc clamp [5]. The changes in lipolysis seen in our patients with 

lipodystrophyy cannot simply be an expression of the metabolic changes 

inducedd by centropetal obesity. In our patients clear-cut resistance to 

thee effect of insulin on lipolysis is shown, whereas in obese HIV-

negativee subjects either no resistance [21] or hyperinsulinemia which 

wass sufficient to overcome the resistance[22] has been reported. 

Inn conclusion, lipodystrophy in HIV-infected men exposed to protease 

inhibitorss is associated with both increased endogenous glucose 

productionn and resistance to multiple effects of insulin. 
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