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Benefits and Drawbacks of cART 

Combination antiretroviral therapy (cART)  
• Increases survival in HIV infected (HIV+) people 
• Increases prevalence of obesity, metabolic syndrome, 

type 2 diabetes (T2D), and cardiovascular disease (CVD), 
particularly in women 

• Adverse metabolic effects of obesity are especially 
pertinent in HIV, because HIV+ people already have            
a 2–4 fold increased risk of developing T2D and CVD 
than BMI-matched, HIV seronegative (HIV−) people 
• Although obesity increases the risk of T2D in people with HIV, 

increased BMI does not increase the risk of CVD events 

Reeds DN, et al. Obesity (Silver Spring). 2017 Apr;25(4):682-688.  
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Presentation Notes
Obesity (Silver Spring). 2017 Apr;25(4):682-688. doi: 10.1002/oby.21793. Epub 2017 Feb 28.HIV infection does not prevent the metabolic benefits of diet-induced weight loss in women with obesity.Reeds DN1, Pietka TA1, Yarasheski KE1, Cade WT1, Patterson BW1, Okunade A1, Abumrad NA1, Klein S1.Author informationAbstractOBJECTIVE:To test the hypothesis that HIV infection impairs the beneficial effects of weight loss on insulin sensitivity, adipose tissue inflammation, and endoplasmic reticulum (ER) stress.METHODS:A prospective clinical trial evaluated the effects of moderate diet-induced weight loss on body composition, metabolic function, and adipose tissue biology in women with obesity who were HIV-seronegative (HIV-) or HIV-positive (HIV+). Body composition, multiorgan insulin sensitivity (assessed by using a two-stage hyperinsulinemic-euglycemic clamp procedure with stable isotopically labeled tracer infusions), and adipose tissue expression of markers of inflammation, autophagy, and ER stress were evaluated in 8 HIV- and 20 HIV+ women with obesity before and after diet-induced weight loss of 6% to 8%.RESULTS:Although weight loss was not different between groups (∼7.5%), the decrease in fat-free mass was greater in HIV+ than HIV- subjects (-4.4 ± 0.7% vs. -1.7 ± 1.0%, P < 0.05). Weight loss improved insulin sensitivity in adipose tissue (suppression of palmitate rate of appearance [Ra]), liver (suppression of glucose Ra), and muscle (glucose disposal) similarly in both groups. Weight loss did not affect adipose tissue expression of markers of inflammation or ER stress in either group.CONCLUSIONS:Moderate diet-induced weight loss improves multiorgan insulin sensitivity in HIV+ women to the same extent as women who are HIV-. However, weight loss causes a greater decline in fat-free mass in HIV+ than HIV- women.© 2017 The Obesity Society.PMID: 28245099 PMCID: PMC5373981 DOI: 10.1002/oby.21793
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Estimated 
Mean Weight 
Over Initial 3 
Years Following 
ART Initiation 

Koethe JR, et al. AIDS Res Hum Retroviruses. 2016 Jan;32(1):50-8.  

• 14,084 pts from 17 cohorts  
• 83% male, 57% nonwhite 
• Median age 40 years 

Presenter
Presentation Notes
AIDS Res Hum Retroviruses. 2016 Jan;32(1):50-8. doi: 10.1089/aid.2015.0147. Epub 2015 Sep 9.Rising Obesity Prevalence and Weight Gain Among Adults Starting Antiretroviral Therapy in the United States and Canada.Koethe JR1, Jenkins CA1, Lau B2, Shepherd BE1, Justice AC3,4, Tate JP3,4, Buchacz K5, Napravnik S6, Mayor AM7, Horberg MA8, Blashill AJ9, Willig A10, Wester CW1, Silverberg MJ11, Gill J12, Thorne JE2, Klein M13, Eron JJ6, Kitahata MM14, Sterling TR1, Moore RD2; North American AIDS Cohort Collaboration on Research and Design (NA-ACCORD).AbstractThe proportion of overweight and obese adults in the United States and Canada has increased over the past decade, but temporal trends in body mass index (BMI) and weight gain on antiretroviral therapy (ART) among HIV-infected adults have not been well characterized. We conducted a cohort study comparing HIV-infected adults in the North America AIDS Cohort Collaboration on Research and Design (NA-ACCORD) to United States National Health and Nutrition Examination Survey (NHANES) controls matched by sex, race, and age over the period 1998 to 2010. Multivariable linear regression assessed the relationship between BMI and year of ART initiation, adjusting for sex, race, age, and baseline CD4(+) count. Temporal trends in weight on ART were assessed using a generalized least-squares model further adjusted for HIV-1 RNA and first ART regimen class. A total of 14,084 patients from 17 cohorts contributed data; 83% were male, 57% were nonwhite, and the median age was 40 years. Median BMI at ART initiation increased from 23.8 to 24.8 kg/m(2) between 1998 and 2010 in NA-ACCORD, but the percentage of those obese (BMI ≥30 kg/m(2)) at ART initiation increased from 9% to 18%. After 3 years of ART, 22% of individuals with a normal BMI (18.5-24.9 kg/m(2)) at baseline had become overweight (BMI 25.0-29.9 kg/m(2)), and 18% of those overweight at baseline had become obese. HIV-infected white women had a higher BMI after 3 years of ART as compared to age-matched white women in NHANES (p = 0.02), while no difference in BMI after 3 years of ART was observed for HIV-infected men or non-white women compared to controls. The high prevalence of obesity we observed among ART-exposed HIV-infected adults in North America may contribute to health complications in the future.PMID: 26352511 PMCID: PMC4692122 DOI: 10.1089/aid.2015.0147



4 

Does HIV infection prevent the 
metabolic benefits of lifestyle 

change and/or moderate, diet-
induced weight loss in men and 

women? 
What evidence is there in the 

literature to date? 
What outcomes were 

measured? 

Presenter
Presentation Notes
IN order to evaluate what other measures should be looked at in HIV + population due to the complexity of HIV and obesity together I looked at what intervnention studies  has been looked at already and what measures and outcomes were used.
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Measures of Metabolic Risk 
• Body Mass Index, WC and Body Composition (DEXA scan) visceral 

and subcutaneous compartments MRI  
 

• NCEP ATP III criteria for Metabolic Syndrome: any three of the five 
criteria: 

• WC > 40 (men) > 35 inches (women) 
• Fasting glucose > 100 mg/dl 
• TG > 150 mg/dl 
• HDL cholesterol < 40 (men) < 50 mg/dl (women) 
• BP > 130 mmHg systolic or > 85 mmHg diastolic 

 
• Insulin Sensitivity:  
• HOMA-IR 
• Oral Glucose Tolerance Test 75 gm  
• FS IVGTT 
• 2 stage hyperinsulinemic euglycemic clamp  

 
• Inflammation: serum hs CRP, IL-6, TNF  
• Inflammation: adipose tissue mRNA gene expression 
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• 18 HIV-infected women with BMI             
> 30 kg/m2 completed a 12-week  

  weight loss program 
• Low-calorie diet in combination 
with a supervised exercise program 

RESULTS at follow-up 
• 7% weight loss – and fat mass loss 

(DEXA)  
• Improvements in strength, fitness,          

and QOL 
• No improvement in fasting glucose, 

insulin, or insulin sensitivity by fsIVGTT 
• No change in fasting lipids, tissue 

plasminogen activator (PAI), or PAI-1 
• No significant change in CD4 count       

or HIV viral load 
 

Yes 

Does HIV 
infection 
prevent the 
metabolic 
benefits of 
moderate, 
diet-induced 
weight loss 
in women? 
 

Engelson ES, et al. Metabolism. 2006 Oct;55(10):1327-36. 

Presenter
Presentation Notes
Metabolism. 2006 Oct;55(10):1327-36.Body composition and metabolic effects of a diet and exercise weight loss regimen on obese, HIV-infected women.Engelson ES1, Agin D, Kenya S, Werber-Zion G, Luty B, Albu JB, Kotler DP.AbstractHIV has classically been a wasting disease. However, in the United States, obesity is increasingly common among HIV-infected individuals receiving effective antiviral treatment. The risks of obesity are unclear in HIV, although the increased prevalence of diabetes and cardiovascular disease in the presence or absence of obesity causes growing concern. This study aimed to assess the effects of weight loss(through energy restriction combined with aerobic and resistance exercise) on body composition, body fat distribution, resting energy expenditure, quality of life (QOL), strength and fitness, and metabolic risk factors in obese, HIV-infected women. Eighteen HIV-infectedwomen with a body mass index of 30 or more completed a 12-week weight loss program. Before and after the intervention, body compositionand fat distribution by dual energy x-ray absorptiometry and whole-body magnetic resonance imaging, resting energy expenditure by indirect calorimetry, QOL, strength, and fitness were measured. Insulin sensitivity by intravenous glucose tolerance test and circulating cardiovascular risk factors (including lipids, tissue plasminogen activator, and plasminogen activator inhibitor 1) were measured in a subset (n = 9). Daily food intake and total body weight decreased (mean +/- SD) by 3195 +/- 477 kJ and 6.7 +/- 4.2 kg, respectively. Weight lost was 95.5% fat by dual energy x-ray absorptiometry or 6.2 L of subcutaneous adipose tissue, 0.7 L visceral adipose tissue, and 0.8 L skeletal muscle by magnetic resonance imaging. Resting energy expenditure fell approximately 419 kJ, strength and fitness increased by 28.9% +/- 18.5% and 36.8% +/- 41.6%, respectively, and QOL improved in 11 of 13 dimensions. There was significant insulin resistance in the subset with metabolic measurements at baseline, and at follow-up there was no improvement in fasting glucose, insulin, or insulin sensitivity, nor was there any change in fasting lipids, tissue plasminogen activator, or plasminogen activator inhibitor 1. There was no significant change in CD4 count or HIV viral load. In conclusion, moderate weight loss achieved by a short-term program of diet and exercise in obese HIV-positive women appears safe and induces loss of adiposity in both the subcutaneous adipose tissue and visceral adipose tissue regions. Despite reduced food intake, weight and fat loss, as well as improvements in strength, fitness, and QOL, the lack of improvement in metabolicparameters suggests that additional interventions may be necessary to reduce the risk of diabetes and cardiovascular disease in this population.PMID: 16979403 DOI: 10.1016/j.metabol.2006.05.018
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Supervised 4 day per week exercise 
program in 92 men/women for 3 
months with no control group: 
• Lifestyle therapy (exercise alone) in 
patients with HIV infection resulted 
in a decrease in waist 
circumference without a change in 
body weight 

• Increase in muscle strength and 
decrease in diastolic blood 
pressure 

• Failed to show any other beneficial 
metabolic benefits – no change in 
lipids, hs CRP, systolic BP Yes 

Does HIV 
infection 
prevent the 
metabolic 
benefits of 
moderate 
supervised 
exercise in 
men and 
women 
 

Fitch KV, et al. AIDS. 2006 Sep 11;20(14):1843-50. 
Cutrono SE, et al. AIDS Behav. 2016 May;20(5):1123-31. 

Presenter
Presentation Notes
AIDS. 2006 Sep 11;20(14):1843-50. PMID: 16954725 DOI: 10.1097/01.aids.0000244203.95758.dbEffects of a lifestyle modification program in HIV-infected patients with the metabolic syndrome.Fitch KV1, Anderson EJ, Hubbard JL, Carpenter SJ, Waddell WR, Caliendo AM, Grinspoon SK.N=28 completersRESULTS: Thirty-four patients were randomly assigned and 28 subjects completed the study. Compared with the control group, subjects randomly assigned to the lifestyle modification program demonstrated significant decreases in waist circumference (-2.6 +/- 1.1 versus 1.2 +/- 1.0 cm, P = 0.022), systolic blood pressure (-13 +/- 4 versus 4 +/- 4 mmHg, P = 0.008), hemoglobin A1C (-0.1 +/- 0.1 versus 0.2 +/- 0.1%, P = 0.017), lipodystrophy score (-1.2 +/- 0.3 versus 0.9 +/- 0.6, P = 0.006) and increased activity (17.7 +/- 14.3 versus -33.1 +/- 12.7 metabolic equivalents, P = 0.014) as measured by the Modifiable Activity Questionnaire, but lipid levels did not improve.AIDS Behav. 2016 May;20(5):1123-31. doi: 10.1007/s10461-015-1245-1.The Effect of a Community-Based Exercise Program on Inflammation, Metabolic Risk, and Fitness Levels Among Persons Living with HIV/AIDS.Cutrono SE1,2, Lewis JE3, Perry A4, Signorile J4, Tiozzo E3, Jacobs KA4.The human immunodeficiency virus (HIV) pandemic remains a top national health priority. Chronic inflammation may be a critical component in the disease course of HIV as C-reactive protein (CRP) is elevated and associated with increased mortality. This study examined the effect of 3 months of combined aerobic and resistance exercise training among a diverse cohort of HIV-infected men and women. The fixed effect of time for CRP was found to be non-significant (F[1,57.3] = 1.7, p = 0.19). There was a significant fixed effect for time for upper body (F[1,51.6] = 18.1, p < 0.05) and lower body strength (F[1,48.0] = 15.7, p < 0.05) and significant declines in diastolic blood pressure (p = 0.002) and waist circumference (p = 0.027). Though levels of CRP were not impacted after 3 months training, participants demonstrated a significant increase in muscular strength as well as beneficial changes in metabolic risk factors. Future studies should focus on determining the optimal exercise intervention length and mode to reduce inflammation among individuals living with HIV.
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DPP style lifestyle program versus 
control arm for 6 months in 34 
subjects with HIV and metabolic 
syndrome: 
• Lifestyle therapy in patients with 
HIV infection resulted in a 
decrease in waist circumference 
without a change in body weight 

• Systolic blood pressure and HbA1c 
decreased; no change in HOMA 

• Lipid levels DID NOT improve, 
however 

Yes 

Does HIV 
infection 
prevent the 
metabolic 
benefits of 
moderate, 
diet-induced 
weight loss 
in 
men/women 
 

Fitch KV, et al. AIDS. 2006 Sep 11;20(14):1843-50. 
Cutrono SE, et al. AIDS Behav. 2016 May;20(5):1123-31. 

Presenter
Presentation Notes
AIDS. 2006 Sep 11;20(14):1843-50. PMID: 16954725 DOI: 10.1097/01.aids.0000244203.95758.dbEffects of a lifestyle modification program in HIV-infected patients with the metabolic syndrome.Fitch KV1, Anderson EJ, Hubbard JL, Carpenter SJ, Waddell WR, Caliendo AM, Grinspoon SK.N=28 completersRESULTS: Thirty-four patients were randomly assigned and 28 subjects completed the study. Compared with the control group, subjects randomly assigned to the lifestyle modification program demonstrated significant decreases in waist circumference (-2.6 +/- 1.1 versus 1.2 +/- 1.0 cm, P = 0.022), systolic blood pressure (-13 +/- 4 versus 4 +/- 4 mmHg, P = 0.008), hemoglobin A1C (-0.1 +/- 0.1 versus 0.2 +/- 0.1%, P = 0.017), lipodystrophy score (-1.2 +/- 0.3 versus 0.9 +/- 0.6, P = 0.006) and increased activity (17.7 +/- 14.3 versus -33.1 +/- 12.7 metabolic equivalents, P = 0.014) as measured by the Modifiable Activity Questionnaire, but lipid levels did not improve.AIDS Behav. 2016 May;20(5):1123-31. doi: 10.1007/s10461-015-1245-1.The Effect of a Community-Based Exercise Program on Inflammation, Metabolic Risk, and Fitness Levels Among Persons Living with HIV/AIDS.Cutrono SE1,2, Lewis JE3, Perry A4, Signorile J4, Tiozzo E3, Jacobs KA4.The human immunodeficiency virus (HIV) pandemic remains a top national health priority. Chronic inflammation may be a critical component in the disease course of HIV as C-reactive protein (CRP) is elevated and associated with increased mortality. This study examined the effect of 3 months of combined aerobic and resistance exercise training among a diverse cohort of HIV-infected men and women. The fixed effect of time for CRP was found to be non-significant (F[1,57.3] = 1.7, p = 0.19). There was a significant fixed effect for time for upper body (F[1,51.6] = 18.1, p < 0.05) and lower body strength (F[1,48.0] = 15.7, p < 0.05) and significant declines in diastolic blood pressure (p = 0.002) and waist circumference (p = 0.027). Though levels of CRP were not impacted after 3 months training, participants demonstrated a significant increase in muscular strength as well as beneficial changes in metabolic risk factors. Future studies should focus on determining the optimal exercise intervention length and mode to reduce inflammation among individuals living with HIV.
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No 

• 20 women who were obese and HIV+ (age 37±2 
yrs, BMI 43.8±2.9 kg/m2 17 AA, 3 Caucasian) 

• 8 women who were obese and HIV−          (age 
40±1 yrs, BMI 39±2 kg/m2, 6 AA, 2 Caucasian) 

• 1000 kcal/day deficit and dietary counseling 
• 2 stage hyperinsulinemic euglycemic clamp with 

tracer glucose and palmitate infusions 
• Adipose tissue biopsies  

RESULTS at follow-up 
• ~7.5% weight loss in both groups 
• Decrease in fat-free-mass >in HIV+ than HIV− 

subjects (−4.4±0.7 % vs −1.7±1.0%, P < 0.05) 

• Improved insulin-sensitivity in adipose-tissue 
(suppression of palmitate rate of appearance 
[Ra]), liver (suppression of glucose Ra) and 
muscle (glucose disposal) similar in both groups 

• Weight-loss did not affect adipose-tissue 
expression of markers of inflammation or ER 
stress in either group 

Does HIV 
infection 
prevent the 
metabolic 
benefits of 
moderate, 
diet-induced 
weight loss 
in women? 
 

Reeds DN, et al. Obesity (Silver Spring). 2017 Apr;25(4):682-688.  

Presenter
Presentation Notes
Obesity (Silver Spring). 2017 Apr;25(4):682-688. doi: 10.1002/oby.21793. Epub 2017 Feb 28.HIV infection does not prevent the metabolic benefits of diet-induced weight loss in women with obesity.Reeds DN1, Pietka TA1, Yarasheski KE1, Cade WT1, Patterson BW1, Okunade A1, Abumrad NA1, Klein S1.Author informationAbstractOBJECTIVE:To test the hypothesis that HIV infection impairs the beneficial effects of weight loss on insulin sensitivity, adipose tissue inflammation, and endoplasmic reticulum (ER) stress.METHODS:A prospective clinical trial evaluated the effects of moderate diet-induced weight loss on body composition, metabolic function, and adipose tissue biology in women with obesity who were HIV-seronegative (HIV-) or HIV-positive (HIV+). Body composition, multiorgan insulin sensitivity (assessed by using a two-stage hyperinsulinemic-euglycemic clamp procedure with stable isotopically labeled tracer infusions), and adipose tissue expression of markers of inflammation, autophagy, and ER stress were evaluated in 8 HIV- and 20 HIV+ women with obesity before and after diet-induced weight loss of 6% to 8%.RESULTS:Although weight loss was not different between groups (∼7.5%), the decrease in fat-free mass was greater in HIV+ than HIV- subjects (-4.4 ± 0.7% vs. -1.7 ± 1.0%, P < 0.05). Weight loss improved insulin sensitivity in adipose tissue (suppression of palmitate rate of appearance [Ra]), liver (suppression of glucose Ra), and muscle (glucose disposal) similarly in both groups. Weight loss did not affect adipose tissue expression of markers of inflammation or ER stress in either group.CONCLUSIONS:Moderate diet-induced weight loss improves multiorgan insulin sensitivity in HIV+ women to the same extent as women who are HIV-. However, weight loss causes a greater decline in fat-free mass in HIV+ than HIV- women.© 2017 The Obesity Society.PMID: 28245099 PMCID: PMC5373981 DOI: 10.1002/oby.21793
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Percent Suppression of Palmitate and 
Glucose Ra and Stimulation of Glu Rd 

Reeds DN, et al. Obesity (Silver Spring). 2017 Apr;25(4):682-688.  

HIV− subjects 
HIV+ subjects 

* Main effect of time, P < 0.05  

Presenter
Presentation Notes
Figure 1. Percent suppression of palmitate Ra and glucose Ra during stage 1 of the hyperinsulinemic-euglycemic clamp procedure and percent stimulation of glucose Rd during stage 2 of the hyperinsulinemic-euglycemic clamp procedure before and after weight loss in HIV− (black bars) and HIV+ subjects (grey bars). * Main effect of time, P < 0.05 Obesity (Silver Spring). 2017 Apr;25(4):682-688. doi: 10.1002/oby.21793. Epub 2017 Feb 28.HIV infection does not prevent the metabolic benefits of diet-induced weight loss in women with obesity.Reeds DN1, Pietka TA1, Yarasheski KE1, Cade WT1, Patterson BW1, Okunade A1, Abumrad NA1, Klein S1.Author informationAbstractOBJECTIVE:To test the hypothesis that HIV infection impairs the beneficial effects of weight loss on insulin sensitivity, adipose tissue inflammation, and endoplasmic reticulum (ER) stress.METHODS:A prospective clinical trial evaluated the effects of moderate diet-induced weight loss on body composition, metabolic function, and adipose tissue biology in women with obesity who were HIV-seronegative (HIV-) or HIV-positive (HIV+). Body composition, multiorgan insulin sensitivity (assessed by using a two-stage hyperinsulinemic-euglycemic clamp procedure with stable isotopically labeled tracer infusions), and adipose tissue expression of markers of inflammation, autophagy, and ER stress were evaluated in 8 HIV- and 20 HIV+ women with obesity before and after diet-induced weight loss of 6% to 8%.RESULTS:Although weight loss was not different between groups (∼7.5%), the decrease in fat-free mass was greater in HIV+ than HIV- subjects (-4.4 ± 0.7% vs. -1.7 ± 1.0%, P < 0.05). Weight loss improved insulin sensitivity in adipose tissue (suppression of palmitate rate of appearance [Ra]), liver (suppression of glucose Ra), and muscle (glucose disposal) similarly in both groups. Weight loss did not affect adipose tissue expression of markers of inflammation or ER stress in either group.CONCLUSIONS:Moderate diet-induced weight loss improves multiorgan insulin sensitivity in HIV+ women to the same extent as women who are HIV-. However, weight loss causes a greater decline in fat-free mass in HIV+ than HIV- women.© 2017 The Obesity Society.PMID: 28245099 PMCID: PMC5373981 DOI: 10.1002/oby.21793
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Fold-changes in Adipose Tissue Gene 
Expression of Markers of Inflammation 

Reeds DN, et al. Obesity (Silver Spring). 2017 Apr;25(4):682-688.  

HIV− subjects 
HIV+ subjects 

After Weight Loss 

Presenter
Presentation Notes
Figure 2. Fold-changes in adipose tissue gene expression of markers of inflammation (A) autophagy
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Fold-changes in Adipose Tissue Gene 
Expression of Markers of ER Stress 

Endoplasmic Reticulum Stress  
Reeds DN, et al. Obesity (Silver Spring). 2017 Apr;25(4):682-688.  

HIV− subjects 
HIV+ subjects 

Presenter
Presentation Notes
Figure 2. Fold-changes in adipose tissue gene expression of markers of inflammation (B) endoplasmic reticulum stress 
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Fold-changes in Adipose Tissue Gene 
Expression of Markers of Autophagy 

After Weight Loss 

Reeds DN, et al. Obesity (Silver Spring). 2017 Apr;25(4):682-688.  

HIV− subjects 
HIV+ subjects 

Presenter
Presentation Notes
Figure 2. Fold-changes in adipose tissue gene expression of markers of inflammation (C) after weight loss in HIV – (black bars) and HIV+ subjects (grey bars)
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  HIV−                        HIV+ 
 Before      After    % Difference     Before After % Difference  
Body weight (kg) 113 105 −7.3* 108 100 −7.7*  
BMI (kg/m2) 39.9 36.9 −7.1* 39.1 36.3 −7.2*  
Fat-free mass (kg) 55.7 54.8 −1.7 51.1 48.9 −4.4  
Appendicular FFM (kg) 25.5 25.4* −0.6 25.2 23.7*, −5.8  
Fat mass (% body wgt) 45.9 44.0 −4.4* 49.7 48.0 −3.2*  
Total abdominal AT (cm3) 5052 4815 −6.4* 5227 4757* −7.4*  
Visceral AT (cm3) 1139 1034 −12* 1164 997* −14*  
VAT:TAT ratio 0.22 0.22 −5.1* 0.24 0.22* −7.1*  
IHTG content (%) 7.5 5.4 −16.8* 4.6 2.2* −26.3*  
Systolic BP (mmHg) 126 117 −7* 122 118 −4*  
Diastolic BP (mmHg) 76 69 −9* 72 69 −4*  
Glucose (mg/dl) 91.5 87.6 −4.0 94.1 91.7 −2.2  
Insulin (μU/L) 18.3 8.8 −54.0 16.6 14.2 −11.1  
C-peptide (ng/ml) 3.2 2.2 −28.2 2.8 2.7 −3.9  
Leptin (μg/L) 39.0 36.2 −8.6* 53.1 39.8 −20.4*  
Hemoglobin A1C (%) 5.8 5.3 −7.9 5.7 5.6 −3.2  
FFA (μmol/ml) 550 527 −3.1 661q 662 −1.1  
LDL-C (mg/dl) 111 100 −9 103 101 −1  
HDL-C (mg/dl) 43 39 −9* 42 39 −7*  
Triglyceride (mg/dl) 128 92 −17 112 119 12  

Body Composition and Cardiometabolic 
Variables Before and After Weight Loss 

Reeds DN, et al. Obesity (Silver Spring). 2017 Apr;25(4):682-688.  *P<0.05 for main effect of time 

Presenter
Presentation Notes
Table 1   Body composition and cardiometabolic variables before and after weight loss.FFM loss larger in HIV positive – insulin resistant protein metabolism?Drop in insulin levels much less pronounced in HIV pos – reason?



15 

Body Composition Assessments 

• Body fat and fat-free mass (FFM) were determined by 
using dual-energy-X-ray absorptiometry 

• Visceral and abdominal subcutaneous adipose tissue 
volumes were quantified by using magnetic resonance 
imaging 

• Intrahepatic triglyceride content was measured by using 
magnetic resonance spectroscopy 

   MRI was not able to be performed in 
   4 HIV+ subjects and 2 HIV− subjects 

Reeds DN, et al. Obesity (Silver Spring). 2017 Apr;25(4):682-688.  
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Reasons 
for 
different 
findings 
among  
similiar 
studies: 
studies 
were 
really not 
similar 
 

Differences in Treatments (Diet and 
Exercise) 
 
Differences in cART Regimens 
• Ritonavir boosted darunavir or atazanavir and 

emtricitabine with tenofovir, could have less 
adverse metabolic effects than older (unspecified) 
PIs 

Differences in Testing for Insulin Sensitivity 
• Two-stage hyperinsulinemic-euglycemic clamp 

procedure in conjunction with a stable isotopically 
labeled glucose tracer infusion is a more sensitive 
measure of insulin action than frequently-sampled 
intravenous glucose tolerance tests; also 
measured adipose tissue insulin sensitivity with 
labelled palmitate  

Reeds DN, et al. Obesity (Silver Spring). 2017 Apr;25(4):682-688.  

Presenter
Presentation Notes
Obesity (Silver Spring). 2017 Apr;25(4):682-688. doi: 10.1002/oby.21793. Epub 2017 Feb 28.HIV infection does not prevent the metabolic benefits of diet-induced weight loss in women with obesity.Reeds DN1, Pietka TA1, Yarasheski KE1, Cade WT1, Patterson BW1, Okunade A1, Abumrad NA1, Klein S1.Author informationAbstractOBJECTIVE:To test the hypothesis that HIV infection impairs the beneficial effects of weight loss on insulin sensitivity, adipose tissue inflammation, and endoplasmic reticulum (ER) stress.METHODS:A prospective clinical trial evaluated the effects of moderate diet-induced weight loss on body composition, metabolic function, and adipose tissue biology in women with obesity who were HIV-seronegative (HIV-) or HIV-positive (HIV+). Body composition, multiorgan insulin sensitivity (assessed by using a two-stage hyperinsulinemic-euglycemic clamp procedure with stable isotopically labeled tracer infusions), and adipose tissue expression of markers of inflammation, autophagy, and ER stress were evaluated in 8 HIV- and 20 HIV+ women with obesity before and after diet-induced weight loss of 6% to 8%.RESULTS:Although weight loss was not different between groups (∼7.5%), the decrease in fat-free mass was greater in HIV+ than HIV- subjects (-4.4 ± 0.7% vs. -1.7 ± 1.0%, P < 0.05). Weight loss improved insulin sensitivity in adipose tissue (suppression of palmitate rate of appearance [Ra]), liver (suppression of glucose Ra), and muscle (glucose disposal) similarly in both groups. Weight loss did not affect adipose tissue expression of markers of inflammation or ER stress in either group.CONCLUSIONS:Moderate diet-induced weight loss improves multiorgan insulin sensitivity in HIV+ women to the same extent as women who are HIV-. However, weight loss causes a greater decline in fat-free mass in HIV+ than HIV- women.© 2017 The Obesity Society.PMID: 28245099 PMCID: PMC5373981 DOI: 10.1002/oby.21793
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Effect of 5% weight loss on subcutaneous 
adipose tissue gene expression of 
inflammatory markers 

Magkos F, Klein S. Cell Metab 2016; 23:591-601. 
 

Presenter
Presentation Notes
Subcutaneous abdominal adipose tissue expression of genes involved in inflammation was determined by real-time PCR before (black bars) and after (white bars) 5% weight loss (n = 19) or weight maintenance (n = 12). The effect of time (before vs. after) and differences between groups (weight maintenance vs. weight loss) were evaluated by using repeated measures analysis of variance. Significant time-by-group interactions were followed by appropriate within-and between-group post-hoc tests. Non-normally distributed variables were log transformed for analysis and back transformed for presentation. Data are means ± SEM. No effects of weight loss were detected. †P<0.05 vs. weight maintenance group before and after the intervention. Abbreviations: TNF, tumor necrosis factor; IL6, interleukin 6; MCP1, monocyte chemoattractant protein 1; RANTES, regulated on activation normal T cell expressed and secreted; CD68, cluster of differentiation 68; EMR1, EGF-like module-containing mucin-like hormone receptor-like 1.
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Effect of progressive weight loss on subcutaneous 
adipose tissue gene expression profile 

Magkos F, 
Klein S. Cell 
Metab 2016; 
23:591-601. 
 

Presenter
Presentation Notes
Figure 2Effect of progressive weight loss on subcutaneous adipose tissue gene expression profileParametric analysis of gene-set enrichment (PAGE) was performed on microarray data to identify biological pathways in subcutaneous abdominal adipose tissue that increased (red) or decreased (blue) with progressive weight loss in subjects with obesity (n = 9). Biological pathways that were significantly affected by 5%, 11%, or 16% weight loss, based on the Z score between baseline (before weight loss) and 16% weight loss (A). Biological pathways involved in regulating cholesterol flux were significantly up-regulated, and pathways involved in lipid synthesis, regulating extracellular matrix (ECM) remodeling, and oxidative stress were significantly down-regulated by progressive weight loss (B). Subcutaneous abdominal adipose tissue expression of genes involved in regulating cholesterol flux, synthesis, ECM remodeling, and oxidative stress was determined by real-time PCR before (0) and after progressive 5% (5), 11% (10), and 16% (15) weight loss (C). The main effect of time was evaluated with repeated measures analysis of variance, which revealed significant linear changes for all genes. Non-normally distributed variables were log transformed for analysis and back transformed for presentation. Data are means ± SEM. *P<0.05 vs. baseline; †P<0.05 for linear component and ‡P<0.05 for quadratic component.Abbreviations: ABCG1, ATP-binding cassette sub-family G member 1; ABCA1, ATP-binding cassette transporter ABCA1; APOE, apolipoprotein E; CETP, cholesteryl ester transfer protein; SCD, stearoyl-CoA desaturase; FADS1, fatty acid desaturase 1; FADS2, fatty acid desaturase 2; ELOVL6, elongation of very long chain fatty acids protein 6; SPARC, secreted protein acidic and rich in cysteine; MFAP5, microfibrillar-associated protein 5; LOX, lysyl oxidase; LOXL2, lysyl oxidase homolog 2; ANGPT1, angiopoietin 1; ADAM12, disintegrin and metalloproteinase domain-containing protein 12; NQO1, NAD(P)H dehydrogenase, quinone 1; DHCR24, 24-dehydrocholesterol reductase; UCHL1, ubiquitin carboxyl-terminal esterase L1.
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Effects of moderate and subsequent 
progressive weight loss on metabolic function 
and adipose tissue biology in humans with 
obesity 

Magkos 
F, Klein 
S. Cell 
Metab 
2016; 
23:591-
601. 

Presenter
Presentation Notes
Although 5%–10% weight loss is routinely recommended for people with obesity, the precise effects of 5% and further weight loss on metabolic health are unclear. We conducted a randomized controlled trial that evaluated the effects of 5.1±0.9% (n=19), 10.8±1.3% (n=9) and 16.4±2.1% (n=9) weight loss, and weight maintenance (n=14) on metabolic outcomes. Five percent weight loss improved adipose tissue, liver and muscle insulin sensitivity, and β-cell function, without a concomitant change in systemic or subcutaneous adipose tissue markers of inflammation. Additional weight loss further improved β-cell function and insulin sensitivity in muscle, and caused stepwise changes in adipose tissue mass, intrahepatic triglyceride content, and adipose tissue expression of genes involved in cholesterol flux, lipid synthesis, extracellular matrix remodeling and oxidative stress. These results demonstrate that moderate 5% weight loss improves metabolic function in multiple organs simultaneously, and progressive weight loss causes dose-dependent alterations in key adipose tissue biological pathways.
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Conclusions – Endpoints and Outcomes 
• It is important to add body composition 
outcomes to markers of improvement in HIV 
positive patients after weight loss 
• Such as body composition by DEXA 

• Also measures of inflammation such as hs CRP 
and IL 6 in the blood 

• Testing for glycemic parameters:Bergman minimal 
model fsIVGTT if you cannot perform clamps 

• For research purposes to test benefits of various 
weight loss strategies – adipose tissue biopsies 
to look at histology and gene expression 

• This would assist in assessing the benefits of 
weight loss in combination with androgens such 
as testosterone for FFM, resistance exercise 
training and leptin treatment 
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Weight Loss in HIV : Outcomes to 
consider based on literature  
• FFM loss larger in HIV positive persons – insulin resistant 

protein metabolism? 
• Consider measures of body composition and muscle 

strength and function 
 

• Drop in insulin levels much less pronounced in HIV + and 
there is a persistent basal hyperinsulinemia 

• Consider gold standard 2 stage hyperinsulinemic 
euglycemic clamp 
 

• Outcomes and endpoint measures differ based on amount 
of weight loss achieved: 5-10% versus 11-16% weight 
loss 

• Consider adipose tissue analysis for greater weight losses 
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Bhasin S, Apovian CM, Travison TG, et al. JAMA Intern Med. 2018 Mar 12. [Epub ahead of print]. 

Primary Secondary 

Outcomes- Muscle Mass and Function 

Change in whole 
body lean mass, 
measured by DXA 

• Appendicular and trunk lean and fat mass 
• Tests of Muscle Performance 

• Maximal voluntary strength in leg press and chest press exercise  
• Leg power 

• Tests of Physical Function and Task-Specific Performance 
– 6-minute walking distance and speed 
– Stair-climbing power and speed – unloaded and loaded  
– 50-meter timed walk with 20% load carry 

• Physical function domain of the MOS SF-36    
• Wellbeing measures: 

– Psychological Well Being Index 
– Derogatis Affective Balance Scale (DABS) 

• Fatigue by FACIT-1 Fatigue scale     
• Hormone Levels 
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OPTIMEN Trial Outcomes 

Presenter
Presentation Notes
JAMA Intern Med. 2018 Mar 12. doi: 10.1001/jamainternmed.2018.0008. [Epub ahead of print]Effect of Protein Intake on Lean Body Mass in Functionally Limited Older Men: A Randomized Clinical Trial.Bhasin S1, Apovian CM2, Travison TG3,4, Pencina K1, Moore LL5, Huang G1, Campbell WW6, Li Z1, Howland AS1, Chen R1, Knapp PE2, Singer MR5, Shah M2, Secinaro K1, Eder RV1, Hally K1, Schram H1, Bearup R1, Beleva YM1, McCarthy AC2, Woodbury E1, McKinnon J1, Fleck G1, Storer TW1, Basaria S1.AbstractIMPORTANCE:The Institute of Medicine set the recommended dietary allowance (RDA) for protein at 0.8 g/kg/d for the entire adult population. It remains controversial whether protein intake greater than the RDA is needed to maintain protein anabolism in older adults.OBJECTIVE:To investigate whether increasing protein intake to 1.3 g/kg/d in older adults with physical function limitations and usual protein intake within the RDA improves lean body mass (LBM), muscle performance, physical function, fatigue, and well-being and augments LBM response to a muscle anabolic drug.DESIGN, SETTING, AND PARTICIPANTS:This randomized clinical trial with a 2 × 2 factorial design was conducted in a research center. A modified intent-to-treat analytic strategy was used. Participants were 92 functionally limited men 65 years or older with usual protein intake less than or equal to 0.83 g/kg/d within the RDA. The first participant was randomized on September 21, 2011, and the last participant completed the study on January 19, 2017.INTERVENTIONS:Participants were randomized for 6 months to controlled diets with 0.8 g/kg/d of protein plus placebo, 1.3 g/kg/d of protein plus placebo, 0.8 g/kg/d of protein plus testosterone enanthate (100 mg weekly), or 1.3 g/kg/d of protein plus testosterone. Prespecified energy and protein contents were provided through custom-prepared meals and supplements.MAIN OUTCOMES AND MEASURES:The primary outcome was change in LBM. Secondary outcomes were muscle strength, power, physical function, health-related quality of life, fatigue, affect balance, and well-being.RESULTS:Among 92 men (mean [SD] age, 73.0 [5.8] years), the 4 study groups did not differ in baseline characteristics. Changes from baseline in LBM (0.31 kg; 95% CI, -0.46 to 1.08 kg; P = .43) and appendicular (0.04 kg; 95% CI, -0.48 to 0.55 kg; P = .89) and trunk (0.24 kg; 95% CI, -0.17 to 0.66 kg; P = .24) lean mass, as well as muscle strength and power, walking speed and stair-climbing power, health-related quality of life, fatigue, and well-being, did not differ between men assigned to 0.8 vs 1.3 g/kg/d of protein regardless of whether they received testosterone or placebo. Fat mass decreased in participants given higher protein but did not change in those given the RDA: between-group differences were significant (difference, -1.12 kg; 95% CI, -2.04 to -0.21; P = .02).CONCLUSIONS AND RELEVANCE:Protein intake exceeding the RDA did not increase LBM, muscle performance, physical function, or well-being measures or augment anabolic response to testosterone in older men with physical function limitations whose usual protein intakes were within the RDA. The RDA for protein is sufficient to maintain LBM, and protein intake exceeding the RDA does not promote LBM accretion or augment anabolic response to testosterone.TRIAL REGISTRATION:clinicaltrials.gov Identifier: NCT01275365.PMID: 29532075 DOI: 10.1001/jamainternmed.2018.0008
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Beyond the Body Mass Index (BMI) 

• Worked well during the 1990s – the earlier days of 
bariatric surgery when predominantly BMIs over 50 
underwent the procedures 

• Critical tool for population studies  
• In clinical setting – fails to reflect body composition 
• Unigender value – however at BMI of 35, % fat in females 

is 46% compared to 35% in males 
• Discriminates by fitness 
• Discriminates by age 
• Discriminates by race – similar distributions of glucose 

and lipid factors at lower BMI values in South Asians 
Chinese and Aboriginal people compared to Europeans 
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Pories WJ, Obesity 2010;18:865-871 
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The Future: 3-
dimensional 
Body 
Composition 
Analysis 

24 



25 

Better Predictor of Risk Due to Adiposity 
than BMI – the BAI 
Body Adiposity Index (BAI) is defined as : 
 
BAI = Hip circumference     -   18 
          Height x √ Height 
 
BAI was found to be strong predictor of % body fat 
validated against DEXA in Mexican Americans and 
confirmed in African Americans 
In contrast to the BAI, the relationships between %fat and 
the BMI itself for males and females lie on very different 
linear representations, as has been reported previously.   

For example, the BMI value defined for obesity, BMI in the range 
between 27 and 28 kg/m2 in this population, corresponds to a 
%adiposity of 23.6 ± 3.7 for men, vs. 34.3 ± 2.9 for women. 

25 Bergman RN et al. Obesity 2011; 19(5):1083-9. 
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Outcomes to assess metabolic and 
ectopic fat after weight loss in HIV  
•  Baseline and post intervention 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; singleslice computed tomography 
(CT) at L4 for assessment of visceral and subcutaneous 
adipose tissue (SAT) area12,13; 1H magnetic resonance 
spectroscopy (MRS) for hepatocellular lipidto-water 
percent (HCL/W%) and intramyocellular lipid (IMCL) of 
the tibialis anterior and soleus muscles 

Stanley T, Grinspoon S. JAMA. 2014 July 23; 
312(4): 380–389. doi:10.1001/jama.2014.8334. 
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