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Abstract

Importance—Among HIV-infected patients, visceral adiposity is associated with metabolic 

dysregulation and ectopic fat accumulation. Tesamorelin, a growth hormone-releasing hormone 

analogue, specifically targets visceral fat reduction, but its effects on liver fat are unknown.

Objective—To investigate the effect of tesamorelin on visceral and liver fat.

Design, Setting, and Participants—Fifty antiretroviral-treated HIV-infected men and women 

with abdominal fat accumulation were recruited for this double-blind, randomized, placebo-

controlled trial at Massachusetts General Hospital. The first patient was enrolled on 1/10/2011; the 

final patient completed his 6 month study visit on 9/6/2013.

Intervention—Tesamorelin 2mg vs. placebo SC daily for 6 months
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Main Outcomes—Primary endpoints were changes in visceral adipose tissue (VAT) and liver 

fat. Secondary endpoints included glucose and other metabolic endpoints.

Results—76 patients were screened and 54 randomized. 50 presented for baseline assessment 

and 48 received treatment with study drug. Tesamorelin significantly reduced VAT (Δ −34 [−53, 

−15] vs. 8 [−14, 30] cm2, mean [95% CI], tesamorelin vs. placebo, treatment effect −42cm2 [95% 

CI −71, −14], P = 0.005) and liver fat (Δ −2.0 [−6.4, 0.1] vs. 0.9 [−0.6, 3.7] lipid-to-water %, 

median [IQR], tesamorelin vs. placebo, P=0.003) over 6 months, for a net treatment effect of −2.9 

lipid-to-water %. Fasting glucose increased in the tesamorelin group at 2 weeks (Δ 9 [5, 13] vs. 2 

[−3, 8] mg/dL, mean [95% CI], treatment effect 7mg/dL [95% CI 1, 14], P=0.03), but overall 

changes over 6 months in fasting glucose (Δ 4 [−2, 10] vs. 2 [−4, 7] mg/dL, mean [95% CI], 

treatment effect 2mg/dL [95% CI −6, 10], P=0.72) and 2 hour glucose (Δ −1 [−18, 15] vs. −8 

[−24, 8] mg/dL, mean [95% CI], treatment effect 7mg/dL [95% CI −16, 29], P=0.53) were not 

significant.

Conclusions and Relevance—In this preliminary study of HIV-infected patients with 

abdominal fat accumulation, tesamorelin administered for 6 months was associated with 

reductions in visceral fat and, additionally, with modest reductions in liver fat. Further studies are 

needed to determine the clinical importance and long-term consequences of these findings.

Trial Registration—clinicaltrials.gov NCT01263717
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Introduction

In HIV-infection, visceral adipose tissue (VAT) accumulation is associated with ectopic fat 

accumulation in the liver 1–3. Indeed, HIV-infected patients demonstrate a high prevalence 

of nonalcoholic fatty liver disease (NAFLD), estimated at 30–40% 1,2,4, which is seen often 

in the context of increased VAT 1,2. NAFLD encompasses simple steatosis, characterized by 

triglyceride accumulation in hepatocytes (“liver fat”), as well as steatohepatitis, 

characterized by inflammation, hepatocellular injury, and fibrosis that may progress to end 

stage liver disease and hepatocellular carcinoma. To date, there are no approved 

pharmacologic strategies to reduce liver fat, and no strategies have proven successful in 

HIV-infected patients. A sub-study of HIV-infected individuals participating in a trial of 

growth hormone (GH) and rosiglitazone 5 showed no change in liver fat with rosiglitazone 

and a trend for reduction in liver fat with GH 6.

The current study investigates changes in liver fat using a different treatment approach, in 

which a growth hormone releasing hormone (GHRH) analogue, tesamorelin, is administered 

to increase endogenous pulsatile GH. Tesamorelin reduces VAT, with minimal effects on 

subcutaneous fat 7,8, but its effects on other ectopic fat depots and detailed metabolic indices 

have not been investigated.
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Methods

Patient Selection

Potential participants were identified through referral from infectious disease physicians, 

advertisements in community centers and health clinics, and the clinical research study 

volunteer program. Patients underwent screening, and eligible patients were invited to 

participate. Fifty men and women with HIV-infection and increased abdominal adiposity 

participated in a baseline assessment. Recruitment began in December, 2010. The first 

patient was enrolled on 1/10/2011, and the final study visit was completed on 9/6/2013. The 

study was approved by the MGH Institutional Review Board (IRB), and written informed 

consent was obtained from each patient prior to study procedures.

HIV-infected patients 18–65 years of age with stable use of antiretroviral therapy (ART) for 

≥3 months who noted body fat changes including abdominal fat accumulation in the context 

of ART, and who had objective evidence of abdominal adiposity as determined by gender-

specific waist circumference (WC) and waist-to-hip ratio (WHR) criteria (WC ≥95 cm and 

WHR ≥0.94 for male, WC ≥94 cm and WHR ≥0.88 for female9) were included. Patients 

with a history of pituitary disease or cranial irradiation, use of GH or GHRH during the past 

6 months, or use of supraphysiologic corticosteroids, gonadal steroids except physiologic 

testosterone replacement, or antidiabetic agents were excluded. Lipid-lowering and anti-

hypertensive medications were allowed if doses were stable for ≥3 months prior to baseline. 

Patients were excluded for pregnancy, inability to undergo magnetic resonance imaging, 

severe chronic illness, any active malignancy, and history of colon cancer, prostate cancer, 

or pituitary malignancy. Laboratory exclusion criteria were fasting glucose >126 mg/dL, 

aspartate aminotransferase (AST) > 2.5 times the upper limit of normal, hemoglobin < 12 

g/dL, creatinine >1.4 mg/dL, CD4+ T-cell count <200 copies/mL, and, for males, prostate 

specific antigen >5 ng/mL. Patients with increased PSA were excluded to avoid enrolling 

patients with abnormal prostate growth. Three patients had participated in previous 

randomized controlled trials of tesamorelin in our research group 7,10,11, but, as per protocol, 

none of these individuals had received tesamorelin in the 6 months prior to enrollment.

Study Design

After screening, eligible volunteers underwent two independent randomizations – a double-

blind, 1:1 randomization to tesamorelin 2mg subcutaneously daily vs. identical placebo, and, 

independently, a 1:1 randomization to undergo euglycemic hyperinsulinemic clamp in 

addition to other study procedures. Randomization was stratified by gender and, for males, 

by physiologic testosterone use, using a permuted block algorithm within each stratum, with 

randomly varying block sizes of 2, 4, or 8. Baseline assessment included fasting blood 

sampling for lipids, IGF-1, CBC, T-cell subsets, HIV viral load, hemoglobin A1c (HbA1c), 

c-reactive protein (CRP), adiponectin, AST, and alanine aminotransferase (ALT); 75g oral 

glucose tolerance test (OGTT); waist and hip circumferences; dual-energy x-ray 

absorptiometry (DXA, Hologic, Discovery A) for total body and regional fat mass; single-

slice computed tomography (CT) at L4 for assessment of visceral and subcutaneous adipose 

tissue (SAT) area12,13; 1H magnetic resonance spectroscopy (MRS) for hepatocellular lipid-

to-water percent (HCL/W%) and intramyocellular lipid (IMCL) of the tibialis anterior and 
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soleus muscles 14,15; overnight frequent sampling for GH concentrations; and neck 

ultrasound for measurement of carotid intima-media thickness (cIMT) 16. MRS was 

performed in the morning following an 8-hour fast. Two patients did not follow instructions 

to fast for their 6 month scans. According to the intent-to-treat design of the study, data from 

these patients were retained in the analyses; changes in liver fat remained significant 

between groups in sensitivity analyses excluding these patients (see results). All images 

were performed on the same scanner. Calculation of liver fat from spectroscopy data was 

automated, and results were reviewed by a single radiologist, blinded to treatment 

assignment, to ensure quality control. With regard to reproducibility, Bland-Altman analysis 

of scans repeated using our technique shows a mean difference between same-day scans of 

0.29% (95% CI: −1.46 and 2.05%) 14. The diagnostic accuracy of MRS for liver steatosis is 

high with an area under the receiver operating characteristic curve of 0.94 (95% CI 0.88–

1.0) compared to assessment of liver biopsy by an experienced pathologist 17. For 

measurement of VAT and SAT, single-slice CT has an estimated correlation between repeat 

measurements of 0.99, with errors in precision estimated at 1.9% for SAT and 3.9% for 

VAT 18. Dietary intake, including alcohol, was assessed by 4-day food record (Nutrition 

Data System). Physical activity was assessed using the Modifiable Activity Questionnaire 

(MAQ) 19. For assessment of overnight GH, patients had dinner at 1700 and began fasting at 

1800. Blood samples were drawn every 20 minutes from 2000 until 0740. At the conclusion 

of the baseline assessment, patients received their first dose of study drug, which they 

administered daily for the next 6 months. Patients returned for a safety visit 2 weeks after 

baseline, a 3-month assessment including oral glucose tolerance test, and a 6-month 

assessment identical to baseline. Patients randomized to the euglycemic hyperinsulinemic 

clamp subset (n=13 in tesamorelin group and n=11 in placebo group) also underwent clamp 

procedure at baseline, 3 months, and 6 months (see Supplemental Methods). Full clamp data 

were not available for three patients in the tesamorelin group and two patients in the placebo 

group. Adherence to the study medication was measured by patient-completed study diary 

and by vial count of returned study drug. Data on self-reported race and ethnicity were 

collected as these characteristics may affect fat distribution.

Laboratory Methods

GH (Beckman Access Ultrasensitive Assay), insulin (Beckman Access), total adiponectin 

(Alpco), and hsCRP (Labcorp) were measured by immunoassays. IGF-I was measured by 

liquid chromatography/mass spectroscopy (Quest Diagnostics). Lipids, glucose and 

transaminases were measured by standard clinical assays (Labcorp). Homeostasis model 

assessment – insulin resistance (HOMA-IR) was calculated 20.

Statistical Analysis

Given the absence of prior data on hepatic fat, the study was powered for VAT reduction, 

with the hypothesis that tesamorelin would reduce visceral fat in the abdomen and related 

ectopic depots. The protocol was therefore initially designed with VAT as the primary 

endpoint, but prior to trial initiation, due to increasing interest in liver fat as a critical 

endpoint, we reconsidered the endpoints and made hepatic fat a co-primary endpoint, with 

secondary endpoints including IMCL, measures of glucose homeostasis, lipid, cIMT, 

transaminases and systemic inflammatory markers as listed in the initial clinicaltrials.gov 
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posting dated 12/15/2010, prior to enrollment of the first patient. The protocol was initially 

planned to enroll 60 patients, with an estimated 48 planned to complete the study, providing 

80% power to detect a treatment effect of 16.5% change in VAT. Due to issues with drug 

supply, recruitment stopped a few months earlier than anticipated, resulting in 43 patients 

completing the study. Based on this change in enrollment and more recent data regarding the 

SD of change in VAT with tesamorelin (41 cm2) from the combined Phase 3 studies 8, post 

hoc power calculations showed that the sample size of 43 patients had 85% power to detect 

a treatment difference of 38.5 cm2 in ΔVAT at a two sided α=0.05.

Data were tested for normality using the Shapiro-Wilk test. Normally distributed variables 

are presented as mean ± standard deviation (SD) or, for changes over time, as mean [95% 

CI]; variables that are not normally distributed are presented as median [interquartile range 

(IQR)]. At baseline, comparisons between treatment groups for categorical variables were 

made using Pearson Chi-Square. For continuous variables, comparisons were made using 

Student’s t-test for normally distributed variables or Wilcoxon rank sum test for variables 

that were not normally distributed.

Analysis for treatment effect was based on a modified intention to treat population among 

patients with available baseline and 6 month follow-up data. For variables measured only at 

baseline and 6 months, including the primary endpoints of VAT and hepatic fat, between-

group comparisons of changes over time were made using Student’s t-test for normally 

distributed variables or Wilcoxon rank sum test for non-normally distributed variables. For 

hepatic fat, data were missing for one patient at baseline in the tesamorelin group and for 8 

patients at follow up (3 in the placebo group, 5 in the tesamorelin group). For VAT, follow 

up data were missing in 6 patients (2 in the placebo group, 4 in the tesamorelin group). 

Sample sizes for each analysis are provided in each table. To handle missing data, analyses 

using an imputation approach confirmed the results of the analyses using all available data 

for hepatic fat and VAT, as well as for secondary endpoints assessed at baseline and 6 

months (Table 2 and see Supplemental Table 1). An additional analysis was performed 

using logistic regression to assess the significance of treatment group in predicting liver fat 

reduction controlling for age, duration of HIV, and lipid lowering therapy. Secondarily, 

within-group comparisons were made using paired t-test for normally distributed variables 

and Wilcoxon signed rank test for non-normally distributed variables.

For outcomes measured at >2 timepoints (e.g., baseline, 3, and 6 months), random intercept 

mixed effects modeling using restricted maximum likelihood was applied to assess the 

significance of time×randomization interaction. Two analyses were performed: mixed 

effects analysis using all available data, and a mixed effects analysis performed to handle 

missing data using imputation for missing values (see Supplemental Table 1).

Treatment effect (with 95% CI) is shown for normally distributed data. For non-normally 

distributed data, statistical determination of a treatment effects and associated 95% CI is not 

possible, but an approximate net treatment effect was determined by subtracting the median 

changes in each group. Changes within each group for non-normally distributed data are 

presented showing the median [IQR] of the paired changes over time in each group, whereas 

the data presented at each time point represent the median [IQR] at such points for each 

Stanley et al. Page 5

JAMA. Author manuscript; available in PMC 2015 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



group. Subtraction of the group medians may differ from the medians of the paired changes 

due to normality of data.

Relationships between continuous variables were assessed using Pearson correlation 

coefficient (denoted as r) when both variables were normally distributed and Spearman’s 

rank correlation coefficient (denoted as ρ) when one or both variables was not normally 

distributed. For comparisons of interest (e.g., change in VAT by change in liver fat), we 

performed multivariable linear regression modeling, including treatment group and a (group 

× x-variable) interaction term, to assess whether associations were different between 

treatment groups.

P-values shown in the text for aggregate changes over time between groups in primary and 

secondary endpoints are those for imputation analyses. In tables, p-values from both 

imputation and from analysis using all available data are shown. All statistical analyses were 

two-sided, with alpha = 0.05 as the pre-defined threshold for statistical significance. Data 

analysis was performed with SAS 9.3 and JMP 10.0.0 (SAS Institute, Cary, NC).

Results

Of 76 patients who completed eligibility screening, 50 were randomized and underwent 

baseline assessment (Figure 1). Reasons for patient exclusion are listed in Figure 1. Two 

patients participated in the baseline visit but discontinued before starting study drug. Patient 

disposition during the study is shown in Figure 1. Overall adherence by vial count was 98% 

[87, 100] in the tesamorelin group and 99% [88, 99] in the placebo group (P = 0.95). 

Adherence by study diary was similar: 99% [97, 100] in tesamorelin and 99% [97, 100] in 

placebo, P = 0.51. One patient in the placebo group and 2 patients in the tesamorelin group 

had compliance of <80% (P = 0.65).

Baseline Characteristics

There were no differences between treatment groups in baseline demographics, alcohol use, 

or hepatitis C status (Table 1). No patient reported consuming alcohol equivalent to 3 or 

more drinks per day. Menopausal status did not differ (75% post-menopausal in both groups, 

P = 1.00). Duration of HIV, antiretroviral therapy use, and lipid lowering therapy use did not 

differ at baseline (Table 1). Body composition did not differ at baseline (Table 2), nor were 

there differences between groups in measures of glucose homeostasis (Table 3); lipids, 

transaminases, or inflammatory markers (Supplemental Table 2); immunologic measures 

(Table 2); or dietary intake and activity (Supplemental Table 3).

Baseline measures of visceral fat and liver fat were positively associated (ρ = 0.42, P = 

0.003), and both showed associations with measures of glucose homeostasis and lipids 

(Supplemental Table 4). Both VAT (ρ = −0.43, P = 0.003) and liver fat (ρ = −0.44, P = 

0.003) were negatively associated with baseline overnight mean GH concentrations and 

showed no association with baseline IGF-1.
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Changes in Body Composition and Ectopic Fat

The tesamorelin group experienced a significant decrease in abdominal VAT area (−34 

[−53, −15] vs. 8 [−14, 30] cm2, tesamorelin vs. placebo, mean [95% CI], treatment effect 

−42cm2 [95% CI −71, −14], P = 0.005) without effects on SAT area (2 [−5, 10] vs. 8[−3, 

20] cm2, mean [95% CI], treatment effect −6cm2 [95% CI −19, 7], P = 0.29 (Table 2). 

Percentage change in VAT was −9.9 [−19.7, −0.2] vs. 6.6% [−4.1, 17.3], mean [95% CI], 

for a net treatment effect of −16.6% [95% CI −30.6, −2.6], similar to that seen in previous 

studies 7,8. Hepatic lipid-to-water percent decreased significantly in the tesamorelin group as 

compared to placebo (−2.0 [−6.4, 0.1]) vs. 0.9 [−0.6, 3.7] lipid-to-water %, tesamorelin vs. 

placebo, P = 0.003, for a net effect between groups of −2.9 lipid-to-water %, Table 2). This 

effect of tesamorelin on liver fat remained statistically significant (P = 0.005) controlling for 

age, duration of HIV, and lipid lowering therapy. In a sensitivity analysis excluding 2 

patients who were not fasting for MRS, both in the placebo group, the change in liver fat 

remained significant (P=0.0005). For the 3 patients with poor compliance, change in hepatic 

fat was within the interquartile range for the respective treatment groups. Both total fat and 

trunk fat as measured by DXA decreased significantly compared to placebo (Table 2). 

IMCL did not change (Table 2).

Changes in Glucose Homeostasis

Fasting glucose increased in the tesamorelin group compared to placebo between baseline 

and two weeks (Δ 9 [5, 13] vs. 2 [−3, 8] mg/dL, mean [95% CI]; treatment effect 7mg/dL 

[95% CI 1, 14], P=0.03, Table 3) but was not different from baseline at subsequent 

assessments (3 months: Δ 6 [2, 10] vs. 2 [−4, 7] mg/dL, mean [95% CI], treatment effect 

4mg/dL [95% CI −2, 11], P = 0.20; 6 months: Δ 4 [−2, 10] vs. 2 [−4, 7] mg/dL, mean [95% 

CI], treatment effect 2mg/dL [95% CI −6, 10], P = 0.56; Table 3). Mixed effects modeling 

showed no significant effects of tesamorelin on fasting glucose (P = 0.72), fasting insulin (P 

= 0.68), or HOMA-IR (P = 0.45, Table 3) over the six month period. There was a slight but 

statistically significant increase in HbA1c from baseline to 6 months (Δ 0.20 [0.04, 0.36] vs. 

0.02 [−0.07, 0.10] %, mean [95% CI], treatment effect 0.19% [95% CI 0.01, 0.36], P = 

0.03). One patient in each treatment group progressed from impaired fasting glucose to 

diabetes by fasting glucose, whereas 1 additional patient in each group progressed from 

impaired glucose tolerance to diabetes by 2hr OGTT (see Supplemental Table 5 for 

distribution of glucose values). During the 6-month treatment period, no patient in either 

group experienced fasting blood glucose > 150mg/dL, which was the pre-determined cutoff 

for study discontinuation.

In the euglycemic hyperinsulinemic clamp subgroup, there was a significant difference in 

the change from baseline to 3 months in insulin stimulated glucose uptake (M) (Δ −0.5 

[−1.7, 0.7] vs. 1.3 [0.6, 2.1] mg/kg/min, mean [95% CI], treatment effect −1.8mg/kg/min 

[−3.3, −0.4], P = 0.02, whereby the insulin sensitivity decreased in the tesamorelin group 

and increased in the placebo group). In contrast, the change from baseline was not 

significant at 6 months (0.4 [−1.2, 1.9] vs. 0.7 [−0.6, 2.1] mg/kg/min, mean [95% CI], 

treatment effect −0.4 mg/kg/min [−2.3, 1.5], P = 0.68). Results were similar when M was 

corrected for steady state insulin level and, at six months, for lean body mass.
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Changes in Transaminases

There were no significant overall changes in ALT, whereas AST decreased with tesamorelin 

compared to placebo −4 [−12, 2] vs. 0 [−6, 5] U/L, tesamorelin vs. placebo, (P = 0.046) 

(Supplemental Table 2).

Changes in Cardiovascular Risk Measures

Intima-media thickness of the left carotid artery decreased in the tesamorelin group (Δ −0.03 

[−0.07, −0.00] mm, mean [95% CI], P = 0.04) but did not change in the placebo group (Δ 

−0.00 [−0.03, 0.03] mm, P = 0.89), though the primary comparison between groups was not 

significant, treatment effect −0.03 mm [95% CI −0.08, 0.01], P=0.14 (Table 2). Blood 

pressure and lipids did not significantly change (Supplemental Table 2). CRP did not 

significantly change, whereas tesamorelin tended to increase adiponectin (P = 0.07) 

(Supplemental Table 2).

Changes in Growth Hormone and IGF-1

Changes from baseline in IGF-1 and IGF-1 Z-scores were significantly different between 

treatment groups at 2 weeks, 3 months, and 6 months of treatment (see Supplemental Table 

6). Mean overnight GH (Δ 0.35 [0.15, 0.57] vs. −0.01 [−0.07, 0.06] ng/mL, tesamorelin vs. 

placebo, P = 0.0003) also increased significantly in the tesamorelin group compared to 

placebo. Supplemental Figure 1 shows the median [IQR] GH at each overnight sampling 

time point.

Nutrition and Physical Activity

There were no significant changes in dietary intake or physical activity (Supplemental Table 

3). Alcohol intake also did not significantly change over six months (0 [0, 4] vs. 0 [0, 0] 

grams/day, tesamorelin vs. placebo, P = 0.79).

Interrelationship of Reductions in Ectopic Fat with Metabolic Changes and Glucose

Among all patients, changes in hepatic lipid were significantly associated with changes in 

VAT (ρ = 0.31, P = 0.047) (Supplemental Figure 2), HOMA-IR (ρ = 0.50, P = 0.001) and 

fasting insulin (ρ = 0.50, P = 0.001). See Supplemental Table 7 for correlations with change 

in liver fat by treatment group.

Change in VAT was significantly associated with change in mean GH (ρ = −0.46, P = 

0.005), whereas change in HCL/W% was not associated with change in mean GH (ρ = 

−0.22, P = 0.21).

Safety and Adverse Events

Adverse events that occurred in greater than 5 percent of patients are reported in Table 4. 

There were three serious adverse events (SAEs) in both the treatment and placebo arms of 

the study. SAEs in the tesamorelin arm consisted of one hospitalization due to exacerbation 

of existing congestive heart failure, one hospitalization for pneumonia, and one diagnosis of 

basal cell carcinoma in a patient with a prior history of the same. SAEs in the placebo arm 

consisted of one hospitalization for acute stroke, one hospitalization for Heller myotomy, 
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and one diagnosis of basal cell carcinoma in a patient with a prior history of the same. Two 

patients underwent blinded dose reductions, see Supplemental Results and Supplemental 

Table 6. For further discussion of AE’s, see Table 4 and Supplemental Results.

There were no significant changes in immunologic parameters in the tesamorelin group 

(Table 2).

Discussion

In this preliminary study, our data demonstrate a modest but statistically significant decrease 

in liver fat with tesamorelin in HIV-infected individuals selected for abdominal fat 

accumulation, although the clinical importance of this finding is uncertain. Liver fat and 

visceral fat were closely associated at baseline, and the reduction in liver fat during the study 

was significantly associated with the reduction in VAT.

To our knowledge, the data from this study are the first to demonstrate in a clinical trial that 

an agent selectively reducing visceral fat simultaneously reduced liver fat independent of 

changes in weight. Thus our data support the hypothesis that visceral fat accumulation is 

linked to liver fat accumulation and suggest that selective targeting of VAT reduction can 

lead to reductions in liver fat. The mechanisms by which GH augmentation reduced liver fat 

are unknown. GH augmentation by tesamorelin may increase oxidation of visceral fat. In 

addition, GH may reduce liver fat through inhibition of hepatic de novo lipogenesis21,22 or 

other mechanisms. Two prior papers have investigated GH replacement in non-HIV 

hypopituitary models showing mixed results on hepatic fat 23,24. In contrast, the current 

study used GHRH to augment endogenous GH secretion as a strategy to reduce visceral fat 

in an HIV model selected for excess VAT.

The decrease in liver fat in this study suggests that strategies to reduce visceral adiposity 

merit further investigation in HIV-infected patients with NAFLD, a condition for which 

there are no approved treatments. Importantly, NAFLD is associated with visceral adiposity 

and other metabolic abnormalities in HIV1,25. Although the causal pathways underlying 

these interrelationships are not yet clear, visceral adiposity results in increased inflammatory 

cytokine production and increased portal free fatty acid flux, either or both of which may 

contribute to steatohepatosis and hepatic insulin resistance26–28.

In this study, tesamorelin resulted in reductions in VAT, without reductions in SAT. 

Subcutaneous fat is thought to represent a beneficial depot that may serve as a buffer to 

protect ectopic fat distribution into other organs 26,29–31. Strategies such as tesamorelin, 

which are selective to VAT and do not simultaneously reduce SAT, may be optimal to 

reduce ectopic fat. Further studies of the effects of tesamorelin on other depots linked to 

VAT, including epicardial fat, should be performed in HIV-infected patients.

Our data also further elucidate effects of tesamorelin on glucose homeostasis. 

Administration of GH increases glucose 13,32. In contrast, studies to date have suggested that 

tesamorelin has limited adverse effect on glucose homeostasis7,8,33. Our data demonstrate 

that tesamorelin initially perturbed glucose as well as insulin sensitivity, assessed by clamp. 

However, these initial changes were reversed and glucose returned to baseline over longer 
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duration of treatment. We showed a modest increase in HbA1c, consistent with data from 

larger studies of tesamorelin7,8, which may reflect initial increases in glucose.

Our study has limitations. First, the purpose of this study was to determine detailed 

metabolic endpoints, including 1H MR spectroscopy and euglycemic hyperinsulinemic 

clamp, limiting sample size. Thus the study may have been underpowered to detect changes 

in secondary endpoints. Nonetheless, trends toward improvement in adiponectin and 

significant improvements in AST suggest additional metabolic effects of VAT reduction in 

the HIV-infected population. In this study, we chose to enroll patients based on the FDA 

approved indication for tesamorelin to reduce abdominal fat, and we determined benefits to 

liver fat and metabolic indices. As the cohort was not specifically chosen for increased liver 

fat, and the absolute change in lipid-to-water % was modest, the clinical significance of our 

data is not known. Changes in liver fat may have been more pronounced in a cohort 

specifically selected for NAFLD. NAFLD may have a benign clinical course and may not 

progress to liver disease. Liver biopsies, which are the gold standard for assessing features 

of steatohepatitis and advanced liver disease, were not performed in this study. Our 

population was primarily male and had been living with HIV and under ART treatment for a 

long period, consistent with many patients exhibiting lipodystrophic changes in fat. Though 

abdominal hypertrophy may be less common with newer ART, there exists a substantial 

group of patients with abdominal fat accumulation in the context of long term prior ART. 

Further, we did not collect data following discontinuation of tesamorelin. Previous studies 

have shown that visceral fat may re-accumulate after discontinuation of tesamorelin34, and 

future studies will be necessary to determine if reductions in liver fat with tesamorelin are 

maintained following treatment discontinuation. Moreover, tesamorelin is expensive, which 

is a barrier to its use.

Conclusion

In this preliminary study of HIV-infected patients with abdominal fat accumulation, 

tesamorelin administered for 6 months was associated with reductions in visceral fat and, 

additionally, with modest reductions in liver fat. Further studies are needed to determine the 

clinical importance and long-term consequences of these findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
CONSORT Diagram detailing participant flow. *Two randomization events – a double-

blind 1:1 randomization to tesamorelin vs. placebo, and a 1:1 randomization to euglycemic 

hyperinsulinemic clamp – occurred simultaneously prior to the baseline visit. These 

randomization events were independent of each other. Two statistical analyses were 

performed using (i) an imputation approach to handle missing data and (ii) all available data 

with missing data treated as missing.
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