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Abstract

Objective—Low muscle mass is associated with reduced survival in HIV, possibly mediated by 

systemic inflammation. Viral hepatitis coinfection can induce additional inflammation and hepatic 

dysfunction that may exacerbate low muscle mass. We determined the prevalence of and risk 

factors for low muscle mass in HIV/viral hepatitis coinfection.

Design & Methods—A cross-sectional study of participants in the Multicenter AIDS Cohort 

Study and Women’s Interagency HIV Study with anthropometry performed after January 1, 2000. 

Viral hepatitis defined by positive hepatitis B virus surface antigen and/or hepatitis C virus RNA. 

Low muscle mass defined as <10th percentile of age- and sex-matched reference values for mid-

upper arm circumference. Using multivariable logistic regression, we determined adjusted odds 

ratios (ORs) with 95% confidence intervals (CIs) of: 1) the association of HIV/viral hepatitis 

coinfection with low muscle mass; and 2) factors associated with low muscle mass in coinfected 
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persons. Analyses adjusted for age, race, body mass index, alcohol use and injection drug use 

(also, nadir CD4 and HIV RNA where appropriate).

Results—Among 3,518 participants (164 HIV/viral hepatitis; 223 viral hepatitis alone; 1,070 

HIV alone; 2,061 uninfected), HIV/viral hepatitis-coinfected persons had a 3.50-fold (95% CI, 

1.51-8.09), 1.93-fold (1.17-3.20), and 2.65-fold (1.62-4.35) higher odds of low muscle mass than 

viral hepatitis-monoinfected, HIV-monoinfected, and uninfected persons, respectively. Lack of 

HIV RNA suppression (OR: 2.26 [1.10–4.63]) was the only factor associated with low muscle 

mass in coinfected persons.

Conclusions—HIV/viral hepatitis-coinfected persons have a higher likelihood of low muscle 

mass than those with viral hepatitis monoinfection, HIV monoinfection, or neither infection. HIV 

viremia is an important risk factor for low muscle mass among coinfected persons.

Keywords

low muscle mass; sarcopenia; viral hepatitis; HIV; MACS; WIHS

INTRODUCTION

Sarcopenia, defined as low muscle mass due to aging or other disease processes,1-3 can have 

detrimental health consequences, including functional impairment, disability, and death.4-6 

Although sarcopenia occurs with normal aging, chronic infections can exert particularly 

profound changes in metabolic health and further exacerbate loss of muscle mass over time.

Sarcopenia is prevalent in HIV infection and has been independently associated with worse 

health outcomes, including progression to AIDS and reduced survival.4,7-10 Mechanisms for 

muscle mass loss in HIV might include systemic chronic inflammation, increased resting 

energy expenditure, antiretroviral therapy (ART)-related fat redistribution and metabolic 

syndrome, and the impact of HIV-associated comborbidities.7,8,11-14

Viral hepatitis coinfection, present in up to 30% of HIV-infected patients,15 may induce 

additional adverse nutritional and metabolic changes that exacerbate low muscle mass in 

HIV.16-19 It has been previously shown that chronic hepatitis C virus (HCV) infection is 

associated with low muscle mass both prior to and after the development of cirrhosis.20-22 

Further, severe depletion of muscle mass and other signs of malnutrition are associated with 

increased mortality in chronic viral hepatitis.21,22 Consequently, HIV/viral hepatitis-

coinfected individuals might be at especially high risk of low muscle mass, and this 

condition may contribute to the adverse health outcomes and increased mortality observed in 

this population.23,24 However, no studies have evaluated low muscle mass in HIV/viral 

hepatitis-coinfected patients.

To address existing knowledge gaps, we determined if HIV/viral hepatitis coinfection was 

associated with low muscle mass compared to HIV-monoinfected, viral hepatitis-

monoinfected, and uninfected persons. We hypothesized that coinfected individuals would 

be at the highest risk of low muscle mass among these groups. We also identified risk factors 

associated with low muscle mass among coinfected persons.
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METHODS

Study Design & Setting

We performed a cross-sectional study among participants in the Multicenter AIDS Cohort 

Study (MACS) and Women’s Interagency HIV Study (WIHS). The MACS is composed of 

HIV-infected or at risk men who have sex with men at four US sites (Baltimore, Maryland/

Washington, D.C.; Chicago, Illinois; Los Angeles, California; and Pittsburgh, Pennsylvania) 

and has enrolled 7,317 men since 1984. The WIHS, initiated in 1994, enrolled 4,194 HIV-

infected or at risk women from six US centers (Bronx, New York; Brooklyn, New York; 

Chicago, Illinois; Los Angeles, California; San Francisco, California; and Washington, DC) 

during three recruitment waves (1994-1995, 2001-2002, and 2011-2012). Participants in 

both cohorts attend semi-annual study visits, complete questionnaires on demographics, 

medical history, and risk behaviors, undergo physical examinations with anthropometry, and 

provide blood samples for serological testing. Details about the MACS and WIHS have been 

previously reported.25-27 Study procedures performed at each participating MACS and 

WIHS site underwent regulatory review, and all participants provided informed consent. 

This study was approved by the University of Pennsylvania Institutional Review Board.

Study Participants

All participants in the MACS and WIHS were eligible for study inclusion if they were tested 

for HIV and viral hepatitis infections and had available anthropometric data. Viral hepatitis 

infection was defined by a positive hepatitis B virus (HBV) surface antigen (HBsAg) or 

detectable hepatitis C virus (HCV) RNA.

HIV/viral hepatitis-coinfected participants were included if they had: 1) positive HIV 

antibody, 2) received ART (defined as 3 or more antiretroviral drugs from at least 2 different 

antiretroviral classes, with exceptions made for combinations of three nucleotide reverse 

transcriptase inhibitors that include abacavir or tenofovir28) for ≥1 year after January 2000, 

3) and had a positive HBsAg or HCV RNA. HIV-monoinfected participants had: 1) positive 

HIV antibody, 2) received ART for ≥1 year after January 2000, and 3) negative HBsAg and 

HCV antibody. Viral hepatitis-monoinfected patients had: 1) positive HBsAg or HCV RNA, 

and 2) negative HIV antibody and viral load. Uninfected participants had negative HIV 

antibody and viral load, negative HBsAg, and negative HCV antibody or undetectable HCV 

RNA.

We required all HIV-infected patients to have received ART for at least one year to avoid 

bias from differential treatment of HIV due to hepatitis or nutritional status and because 

substantial changes in body composition may occur in the first year after ART 

initiation.10,29,30 We further required ART initiation after January 2000 to minimize 

exposure to nucleoside reverse transcriptase inhibitors, such as zidovudine (AZT), 

didanosine (DDI), or stavudine (D4T), that are associated with peripheral lipoatrophy.31-33

The index date was defined as the first study visit between 2000 and 2013 in which 

participants met eligibility criteria. Participants were excluded if they had a diagnosis of 

malignancy (except non-melanomatous skin cancers) or AIDS (CD4 <200 cells/μL) on or 
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prior to the index date, given well-established associations between these conditions and low 

muscle mass.12,14,34-36

Main Study Outcome

The primary study outcome was low muscle mass, defined by a mid-upper arm muscle 

circumference (MUAC) measurement below the 10th percentile for age- and sex-matched 

reference values derived from healthy US adults in the National Health and Nutritional 

Examination Survey, 1970-1974.37 MUAC captures the loss of peripheral tissue stores of 

protein and muscle, has been used previously as a marker of low muscle mass in HIV and 

viral hepatitis populations,8,20,38,39 and has been independently associated with increased 

mortality.8,9,30,40 Use of anthropometric measurements to determine muscle mass is less 

likely to be subject to misclassification in chronic liver disease compared to other traditional 

measures of malnutrition, including body mass index (BMI) or serum markers (e.g. albumin, 

prealbumin).41 Further, reference values were derived using data from NHANES 

participants from 1970-1974 because it was hypothesized that the rise in BMI over the last 

half-century has been driven primarily by increased adiposity, which would be associated 

with higher MUAC values that would not necessarily reflect an increase in muscle mass over 

this time period.42-44

To confirm the validity of MUAC as a measure of low muscle mass for this study, we 

evaluated the correlation between MUAC and fat-free mass determined by single-frequency 

bioelectrical impedance analysis (SF-BIA) among a subset of 1,360 participants who 

underwent simultaneous anthropometry and SF-BIA testing. MUAC measurements 

correlated well with fat-free mass determined by SF-BIA in this study (rho=0.71; p<0.001).

Data Collection

Self-reported demographic and clinical data collected on or prior to the index date included 

age, sex, race, ethnicity, education level, active alcohol use and injection drug use, and active 

and/or past use of AZT, DDI or D4T. BMI (kg/m2) was obtained at physical examination.

Laboratory results collected at the same visit or the prior visit closest to the index date 

included: aspartate aminotransferase (AST), alanine aminotransferase (ALT), platelet count, 

and HIV viral load (copies/mL). Nadir CD4 cell count, defined as the lowest recorded CD4 

prior to ART initiation, was also collected.

Two non-invasive laboratory measures of liver fibrosis, the AST-to-platelet ratio index 

(APRI) and the Fibrosis-4 (FIB-4) scores, were calculated.45-47 APRI was determined as: 

([AST [U/L]/upper limit of normal of AST]*100/platelet count [109 cells/L]; AST upper 

limit of normal=40 U/L).47 An APRI score >2.0 has been shown to accurately identify 

cirrhosis (defined as METAVIR stage F4 or Ishak fibrosis score >5), while APRI <0.5 

indicates absent or minimal fibrosis.47 FIB-4 was calculated as: (age [years] * AST [U/L])/

((platelet count [109 cells/L] * (ALT [U/L])1/2). A FIB-4 score >3.25 identifies advanced 

hepatic fibrosis/cirrhosis, while scores <1.45 indicate no or minimal fibrosis.45,46

GOWDA et al. Page 4

AIDS. Author manuscript; available in PMC 2017 October 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Statistical Analyses

Patient characteristics were evaluated by HIV/viral hepatitis status. Differences between 

groups were assessed using Chi-squared tests for categorical data and Wilcoxon rank-sum 

tests for continuous data. We determined the prevalence and 95% confidence intervals (CIs) 

of low muscle mass by HIV/viral hepatitis status. Results were stratified by HIV suppression 

status (HIV RNA <400 copies/mL) among HIV-infected patients.

Multivariable logistic regression was used to determine the adjusted odds ratios (OR) with 

95% CIs of low muscle mass in HIV/viral hepatitis-coinfected patients compared to those 

with viral hepatitis alone, HIV alone, and uninfected persons, controlling for confounding 

variables in each comparison. Demographic and clinical variables were evaluated as 

potential confounders. Confounders remained in the model if the unadjusted OR changed by 

at least 10% after adjustment for the candidate factor or if a variable was considered a priori 
to be clinically important. We assessed if there were differential relationships between HIV/

viral hepatitis infection and low muscle mass by sex, but observed no statistical interaction 

between infection status and sex. To evaluate associations between viral hepatitis and low 

muscle mass in the absence of cirrhosis, we repeated analyses excluding patients with APRI 

>2.0. In a sensitivity analysis, we evaluated the association between viral hepatitis and low 

muscle mass after controlling for active and/or past use of ARTs implicated in lipodystrophy 

(i.e. AZT, DDI and D4T). Analyses were also stratified by type of viral hepatitis infection in 

exploratory analyses. To isolate the effect of HIV RNA on the relationship between viral 

hepatitis coinfection and low muscle mass, analyses were repeated among HIV-infected 

persons stratified by HIV suppression.

Multivariable logistic regression was then used to evaluate risk factors for low muscle mass 

in coinfected patients. Hypothesized risk factors included active alcohol consumption, active 

injection drug use, lower nadir CD4 count, lack of HIV RNA suppression, and advanced 

liver disease (APRI >2.0; FIB-4 >3.25).

To address the potential bias of missing data, multiple imputation by chained equations was 

used to perform 20 imputations with all variables and the main study outcome included in 

the model.48 Results were combined across the 20 datasets to arrive at the usual imputation 

CIs that accounted for within- and across-dataset variances.49

RESULTS

Among 11,511 participants enrolled in the MACS (n=7,317) and WIHS (n=4,194), 7,993 

did not meet inclusion criteria (Figure 1). The final sample included 3,518 participants from 

the MACS (n=1,948) and WIHS (n=1,570), of whom 164 (5%) were HIV/viral hepatitis-

coinfected, 223 (6%) were viral hepatitis-monoinfected, 1,070 (30%) were HIV-

monoinfected, and 2,061 (59%) were uninfected. Chronic HCV accounted for the majority 

of viral hepatitis infections in the coinfected (n=124 [76%]) and viral hepatitis-monoinfected 

(n=189 [85%]) groups.

The characteristics of the patients are reported in Table 1. HIV/viral hepatitis-coinfected 

participants were more commonly non-Hispanic black and less educated, compared to all 
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other participants. Uninfected participants had the highest proportion of active alcohol users, 

while injection drug use and diabetes mellitus were most prevalent among those with viral 

hepatitis monoinfection. Nadir CD4 count and HIV RNA levels were similar between the 

HIV/viral hepatitis-coinfected and HIV-monoinfected groups, although fewer coinfected 

individuals achieved HIV RNA levels <400 copies/mL. Median BMI, waist circumference, 

and MUAC measurements were lower in the coinfected than all other groups (Table 1; 

p<0.001 for all comparisons).

The prevalence of low muscle mass was substantially higher in coinfected persons 

(n=45/164 [27%]) compared to those with viral hepatitis alone (n=23/223 [10%]), HIV 

alone (n=132/1,070 [12%]), and neither infection (n=198/2,061 [10%]) (p<0.001 for all; 

Table 1). Further, coinfected persons without HIV suppression (n=24/64 [38%]) had a higher 

prevalence of low muscle mass than those with HIV suppression (n=21/100 [21%]; 

p=0.021), whereas the prevalence of low muscle mass did not differ by HIV suppression 

status in the HIV-monoinfected group (n=32/294 [11%] without HIV suppression vs 

n=100/769 [13%] with HIV suppression; p=0.349).

After adjustment for age, sex, race/ethnicity, BMI, active alcohol consumption, and injection 

drug use (as well as nadir CD4 count and HIV RNA level in comparisons between 

coinfected and HIV-monoinfected), having HIV/viral hepatitis coinfection was strongly 

associated with low muscle mass compared to HIV alone (OR, 1.93 [95% CI, 1.17-3.20]), 

viral hepatitis alone (OR, 3.50 [95% CI, 1.51-8.09]), or neither infection (OR, 2.65 [95% CI, 

1.62-4.35]) (Figure 2). Results were similar after exclusion of patients with cirrhosis by 

APRI (Figure 2). There was no statistical interaction between sex and infection status in any 

of our analyses (p>0.10 for all). After controlling for any historical use of AZT, DDI or D4T, 

HIV/viral hepatitis-coinfected participants still had increased odds of low MUAC when 

compared to uninfected (OR 1.90; 95% CI, 1.00-3.63), HIV-monoinfected (OR 1.80; 95% 

CI, 1.08-3.01), and viral hepatitis-monoinfected (OR 1.79; 95% CI, 0.40-8.14) persons. In 

exploratory analyses, we found similar results when viral hepatitis infection was restricted to 

those with HCV infection. There were too few participants with HBV infection to perform 

separate analyses in this group.

Specifically among HIV-infected patients, we assessed the impact of HIV RNA on the 

relationship between viral hepatitis coinfection and low muscle mass. Among patients 

without HIV RNA suppression, HIV/viral hepatitis coinfection was strongly associated with 

low muscle mass (OR, 3.24 [95% CI, 1.36-7.74]) when compared to HIV-monoinfected 

persons. However, among those with suppressed HIV, HIV/viral hepatitis coinfection was no 

longer associated with low muscle mass when compared to HIV monoinfection (OR, 1.31 

[95% CI, 0.66-2.58]).

Among coinfected patients, absence of HIV suppression was the only risk factor for low 

muscle mass (Table 2). Nadir CD4 count, active alcohol consumption, active injection drug 

use, and non-invasive assessment of liver fibrosis were not associated with low muscle mass. 

Results were similar when FIB-4 was analyzed within models instead of APRI 

(Supplementary Table 1).
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DISCUSSION

In this study, low muscle mass was significantly more common in HIV/viral hepatitis-

coinfected persons compared to HIV-monoinfected, viral hepatitis-monoinfected, and 

uninfected persons. This finding persisted after adjustment for use of NRTIs associated with 

lipoatrophy among HIV-infected persons and after exclusion of those with cirrhosis as 

determined by APRI. Detectable HIV viremia was the main risk factor for low muscle mass 

in the coinfected group, suggesting there may be detrimental synergistic activity between 

viral hepatitis infection and uncontrolled HIV on muscle mass.

There are several potential mechanisms by which HIV/viral hepatitis coinfection could 

contribute to low muscle mass. A chronically heightened inflammatory state, driven by lack 

of HIV virologic control,13,50 might impose greater metabolic demands on the body that, if 

unmet, could lead to muscle atrophy.51 Direct liver injury exacerbated by HIV infection may 

impair cellular processes such as glycogenesis, gluconeogenesis, and protein synthesis, 

thereby promoting low muscle mass.52-56 HIV can infect hepatic stellate cells and promote 

fibrogenesis.57,58 Indeed, HIV viremia in HIV/HCV-coinfected patients has been associated 

with more rapid fibrosis progression compared to HCV-monoinfected and HIV/HCV-

coinfected patients with undetectable HIV RNA.57,59 In addition, chronic viral hepatitis 

could contribute to insulin resistance and the development of metabolic syndrome that 

already occurs in HIV-infected persons on ART, ultimately leading to steatohepatitis and 

further alterations in body composition.60,61 Finally, HIV and viral hepatitis infections are 

associated with alcohol and other substance abuse,62,63 which may contribute independently 

to low muscle mass in these individuals.

Persistent HIV viremia, likely mediated by ART non-adherence, was the only identifiable 

risk factor for low muscle mass for coinfected individuals. Absence of HIV suppression may 

also conceivably be a surrogate marker of social determinants, such as socioeconomic 

instability or food insecurity, that are more directly linked to low muscle mass. Alternatively, 

those with an inability to achieve HIV virologic suppression may harbor HIV strains with a 

higher replicative capacity or host-specific factors that also predispose to low muscle mass. 

However, if persistent HIV viremia actually was indirectly measuring these other social or 

host determinants, then low muscle mass would be expected to be more prevalent among 

HIV-monoinfected persons with uncontrolled HIV as well. Instead, the lack of associations 

between HIV viremia and low muscle mass in HIV monoinfection and between HIV/viral 

hepatitis coinfection and low muscle mass among those with HIV virologic suppression 

suggest that uncontrolled HIV and viral hepatitis infections actually may interact negatively 

to exacerbate the metabolic consequences of each.

Despite prior studies demonstrating a high prevalence of low muscle mass in cirrhosis, stage 

of hepatic fibrosis, determined by either APRI or FIB-4, was not associated with low muscle 

mass in HIV/viral hepatitis coinfection. While this may have been driven by a low 

prevalence of advanced liver disease in our study sample, it also suggests that the 

mechanisms underlying the development of low muscle mass in HIV/viral hepatitis 

coinfection may not be primarily mediated by loss of hepatic function. Systemic 

inflammation driven by uncontrolled HIV may be a critical factor contributing to low muscle 
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mass. Active alcohol and injection drug use were not determinants of low muscle mass, 

despite well-established relationships between these substances and malnutrition. 63-68 

However, future studies should explore possible associations between low muscle mass and 

quantity of substance(s) used, since there may be threshold levels required before the 

detrimental effects of these substances on metabolic health are manifest.

These data build on prior work using the National Health and Nutrition Examination Study 

(NHANES,1999-2010) demonstrating that low muscle mass was more prevalent in chronic 

HCV infected persons compared to uninfected, healthy adults (13.8% vs 6.7%; odds ratio 

[OR], 2.22 [95% CI, 1.39-3.56]) in the U.S.20 The prevalence of low muscle mass by 

anthropometry in HIV-monoinfected (12%) and viral hepatitis-monoinfected (10%) persons, 

respectively, was similar to that previously observed in HCV-monoinfected individuals 

(14%; p=0.481 and p=0.222). However, we observed a higher prevalence of low muscle 

mass among uninfected persons in our study (10% vs 6.7%; p<0.001), suggesting that the 

uninfected group here may not be reflective of the healthy, general population as captured in 

the contemporaneous NHANES population. This is likely driven by the selective enrollment 

of individuals at high risk for HIV in the MACS and WIHS cohorts, who may also have 

higher rates of substance use or other conditions that independently predispose to low 

muscle mass. Importantly, this may explain why the associations between low muscle mass 

and HIV or viral hepatitis monoinfection did not reach statistical significance when 

compared to uninfected persons. In addition, the magnitude of association between HIV/

viral hepatitis coinfection and low muscle mass, as compared to uninfected persons in this 

study, may be an underestimate of the true impact of coinfection on low muscle mass.

This study has several potential limitations. Due to the cross-sectional design, we are unable 

to infer causality between HIV/viral hepatitis coinfection and low muscle mass. However, 

low muscle mass is not likely to lead to HIV or viral hepatitis infection independent of risk 

behaviors controlled for in the study. Although low muscle mass was defined using 

anthropometric measurements, we observed a strong correlation between MUAC and fat-

free mass estimated by SF-BIA in a subgroup analysis, supporting its use. Although ascites 

can affect the validity of BIA measurements in chronic liver disease, the impact in this study 

was likely minimal due to the low proportion of participants with advanced liver disease 

(<2%). Incorporation of MUAC measurements alongside height and weight during routine 

clinic visits is highly feasible, without requiring highly specialized equipment, intensive 

training or invasive techniques, and may enable earlier detection of both low muscle mass 

and increased mortality risk in our patients.40,69,70 Potential peripheral lipoatrophy from 

specific antiretrovirals could have confounded our results. However, this possibility was 

strongly mitigated by restricting our study to HIV infected persons initiating ART after 

January 2000 and by controlling for residual confounding from active and/or past use of 

implicated drugs. Triceps skinfold thickness and handgrip strength measurements were not 

available in this study, preventing us from using mid-arm muscle circumference or handgrip 

strength as complementary assessments of low muscle mass. However, these measurements 

could be feasibly obtained in the future and may enhance the clinical evaluation of low 

muscle mass. Lastly, there may be other factors, including physical activity indices and other 

medical or psychiatric comorbidities, that were not completely ascertained in this study 
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which may mediate the development of low muscle mass in HIV and viral hepatitis 

coinfection and should be explored in future studies.

In summary, HIV/viral hepatitis coinfection was associated with a substantially higher 

prevalence of low muscle mass compared to HIV monoinfection, HCV monoinfection and 

uninfected but at risk persons, even prior to the development of advanced liver disease. 

Absence of HIV suppression was a key risk factor for this outcome among coinfected 

patients. Future studies are needed to gain insight into the mechanisms underpinning the 

development of low muscle mass and further assess the impact of low muscle mass on 

disease progression and overall survival in HIV/viral hepatitis coinfection.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS

This work was supported by the NIH/NIAID (research grants F32-AI120363 to CG; K24-AI108516 to PCT; and, 
R01-AI120733, K24-AI120834, and R01-AI093520 to TTB). CG and VLR were involved in study design, data 
analyses and manuscript preparation. TTB, CC, KAF, JK, PS and PCT provided critical review of data analyses and 
the manuscript. All authors approved the final version of the manuscript as submitted.

Data in this manuscript were collected by the Multicenter AIDS Cohort Study (MACS) and the Women's 
Interagency HIV Study (WIHS). The contents of this publication are solely the responsibility of the authors and do 
not represent the official views of the National Institutes of Health (NIH).

MACS (Principal Investigators): Johns Hopkins University Bloomberg School of Public Health (Joseph Margolick), 
U01-AI35042; Northwestern University (Steven Wolinsky), U01-AI35039; University of California, Los Angeles 
(Roger Detels), U01-AI35040; University of Pittsburgh (Charles Rinaldo), U01-AI35041; the Center for Analysis 
and Management of MACS, Johns Hopkins University Bloomberg School of Public Health (Lisa Jacobson), UM1-
AI35043. The MACS is funded primarily by the National Institute of Allergy and Infectious Diseases (NIAID), 
with additional co-funding from the National Cancer Institute (NCI), the National Institute on Drug Abuse (NIDA), 
and the National Institute of Mental Health (NIMH). Targeted supplemental funding for specific projects was also 
provided by the National Heart, Lung, and Blood Institute (NHLBI), and the National Institute on Deafness and 
Communication Disorders (NIDCD). MACS data collection is also supported by UL1-TR001079 (JHU ICTR) from 
the National Center for Advancing Translational Sciences (NCATS) a component of the National Institutes of 
Health (NIH), and NIH Roadmap for Medical Research. The contents of this publication are solely the 
responsibility of the authors and do not represent the official views of the National Institutes of Health (NIH), Johns 
Hopkins ICTR, or NCATS. . The MACS website is located at http://aidscohortstudy.org/.

WIHS (Principal Investigators): UAB-MS WIHS (Michael Saag, Mirjam-Colette Kempf, and Deborah Konkle-
Parker), U01-AI-103401; Atlanta WIHS (Ighovwerha Ofotokun and Gina Wingood), U01-AI-103408; Bronx WIHS 
(Kathryn Anastos), U01-AI-035004; Brooklyn WIHS (Howard Minkoff and Deborah Gustafson), U01-AI-031834; 
Chicago WIHS (Mardge Cohen and Audrey French), U01-AI-034993; Metropolitan Washington WIHS (Mary 
Young), U01-AI-034994; Miami WIHS (Margaret Fischl and Lisa Metsch), U01-AI-103397; UNC WIHS (Adaora 
Adimora), U01-AI-103390; Connie Wofsy Women's HIV Study, Northern California (Ruth Greenblatt, Bradley 
Aouizerat, and Phyllis Tien), U01-AI-034989; WIHS Data Management and Analysis Center (Stephen Gange and 
Elizabeth Golub), U01-AI-042590; Southern California WIHS (Joel Milam), U01-HD-032632 (WIHS I - WIHS 
IV). The WIHS is funded primarily by the National Institute of Allergy and Infectious Diseases (NIAID), with 
additional co-funding from the Eunice Kennedy Shriver National Institute of Child Health and Human Development 
(NICHD), the National Cancer Institute (NCI), the National Institute on Drug Abuse (NIDA), and the National 
Institute on Mental Health (NIMH). Targeted supplemental funding for specific projects is also provided by the 
National Institute of Dental and Craniofacial Research (NIDCR), the National Institute on Alcohol Abuse and 
Alcoholism (NIAAA), the National Institute on Deafness and other Communication Disorders (NIDCD), and the 
NIH Office of Research on Women's Health. WIHS data collection is also supported by UL1-TR000004 (UCSF 
CTSA) and UL1-TR000454 (Atlanta CTSA).

This work was supported by the NIH/NIAID (research grants F32-AI120363 to CG; K24-AI108516 to PCT; and, 
R01-AI120733, K24-AI120834, and R01-AI093520 to TTB).

GOWDA et al. Page 9

AIDS. Author manuscript; available in PMC 2017 October 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://aidscohortstudy.org/


REFERENCES

1. Cohen S, Nathan JA, Goldberg AL. Muscle wasting in disease: molecular mechanisms and 
promising therapies. Nat Rev Drug Discov. 2015; 14(1):58–74. [PubMed: 25549588] 

2. Mitchell WK, Williams J, Atherton P, Larvin M, Lund J, Narici M. Sarcopenia, dynapenia, and the 
impact of advancing age on human skeletal muscle size and strength; a quantitative review. Frontiers 
in physiology. 2012; 3:260. [PubMed: 22934016] 

3. Muscaritoli M, Anker SD, Argiles J, et al. Consensus definition of sarcopenia, cachexia and pre-
cachexia: joint document elaborated by Special Interest Groups (SIG) "cachexia-anorexia in chronic 
wasting diseases" and "nutrition in geriatrics". Clinical nutrition. 2010; 29(2):154–159. [PubMed: 
20060626] 

4. Erlandson KM, Allshouse AA, Jankowski CM, MaWhinney S, Kohrt WM, Campbell TB. 
Functional impairment is associated with low bone and muscle mass among persons aging with HIV 
infection. J Acquir Immune Defic Syndr. 2013; 63(2):209–215. [PubMed: 23392468] 

5. Montano-Loza AJ, Meza-Junco J, Prado CM, et al. Muscle wasting is associated with mortality in 
patients with cirrhosis. Clinical gastroenterology and hepatology : the official clinical practice 
journal of the American Gastroenterological Association. 2012; 10(2):166–173. 173 e161. 
[PubMed: 21893129] 

6. Noori N, Kopple JD, Kovesdy CP, et al. Mid-arm muscle circumference and quality of life and 
survival in maintenance hemodialysis patients. Clinical journal of the American Society of 
Nephrology : CJASN. 2010; 5(12):2258–2268. [PubMed: 20947789] 

7. Mangili A, Murman DH, Zampini AM, Wanke CA. Nutrition and HIV infection: review of weight 
loss and wasting in the era of highly active antiretroviral therapy from the nutrition for healthy 
living cohort. Clinical infectious diseases : an official publication of the Infectious Diseases Society 
of America. 2006; 42(6):836–842. [PubMed: 16477562] 

8. Scherzer R, Heymsfield SB, Lee D, et al. Decreased limb muscle and increased central adiposity are 
associated with 5-year all-cause mortality in HIV infection. Aids. 2011; 25(11):1405–1414. 
[PubMed: 21572308] 

9. Gustafson P, Gomes VF, Vieira CS, et al. Clinical predictors for death in HIV-positive and HIV-
negative tuberculosis patients in Guinea-Bissau. Infection. 2007; 35(2):69–80. [PubMed: 17401710] 

10. Oliveira I, Andersen A, Furtado A, et al. Assessment of simple risk markers for early mortality 
among HIV-infected patients in Guinea-Bissau: a cohort study. BMJ open. 2012; 2(6):e001587.

11. Scrimshaw NS, Taylor CE, Gordon JE. Interactions of nutrition and infection. Monograph series. 
World Health Organization. 1968; 57:3–329.

12. Kulstad R, Schoeller DA. The energetics of wasting diseases. Current opinion in clinical nutrition 
and metabolic care. 2007; 10(4):488–493. [PubMed: 17563468] 

13. Palella FJ Jr. Phair JP. Cardiovascular disease in HIV infection. Current opinion in HIV and AIDS. 
2011; 6(4):266–271. [PubMed: 21546831] 

14. Mulligan K, Bloch AS. Energy expenditure and protein metabolism in human immunodeficiency 
virus infection and cancer cachexia. Seminars in oncology. 1998; 25(2 Suppl 6):82–91. [PubMed: 
9625389] 

15. Alter MJ. Epidemiology of viral hepatitis and HIV co-infection. J Hepatol. 2006; 44(1 Suppl):S6–
9. [PubMed: 16352363] 

16. Ismail FW, Khan RA, Kamani L, et al. Nutritional status in patients with hepatitis C. Journal of the 
College of Physicians and Surgeons--Pakistan : JCPSP. 2012; 22(3):139–142. [PubMed: 
22414351] 

17. Meng QH, Wang JH, Yu HW, et al. Resting energy expenditure and substrate metabolism in 
Chinese patients with acute or chronic hepatitis B or liver cirrhosis. Internal medicine. 2010; 
49(19):2085–2091. [PubMed: 20930434] 

18. Qin H, Li H, Xing M, Wu C, Li G, Song J. Nutritional support treatment for severe chronic 
hepatitis and posthepatitic cirrhosis. Journal of Huazhong University of Science and Technology. 
Medical sciences = Hua zhong ke ji da xue xue bao. Yi xue Ying De wen ban = Huazhong keji 
daxue xuebao. Yixue Yingdewen ban. 2006; 26(2):217–220.

GOWDA et al. Page 10

AIDS. Author manuscript; available in PMC 2017 October 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



19. Henkel AS, Buchman AL. Nutritional support in patients with chronic liver disease. Nature clinical 
practice. Gastroenterology & hepatology. 2006; 3(4):202–209.

20. Gowda C, Compher C, Amorosa VK, Lo Re V 3rd. Association between chronic hepatitis C virus 
infection and low muscle mass in US adults. Journal of viral hepatitis. 2014

21. Kalman DR, Saltzman JR. Nutrition status predicts survival in cirrhosis. Nutrition reviews. 1996; 
54(7):217–219. [PubMed: 8918144] 

22. Alberino F, Gatta A, Amodio P, et al. Nutrition and survival in patients with liver cirrhosis. 
Nutrition. 2001; 17(6):445–450. [PubMed: 11399401] 

23. Lo Re VIK, Michael J, Tate, Janet P, Localio A. Russell, Lim Joseph K. Goetz Matthew Bidwell, 
Klein Marina B. Rimland David, Rodriguez-Barradas Maria C. Butt Adeel A. Gibert Cynthia L. 
Brown Sheldon T. Park Lesley, Dubrow Robert, Reddy K. Rajender, Kostman Jay R. Strom Brian 
L. Justice Amy C. Hepatic Decompensation in Antiretroviral-Treated Patients Co-Infected With 
HIV and Hepatitis C Virus Compared With Hepatitis C Virus–Monoinfected Patients: A Cohort 
Study. Annals of internal medicine. 2014; 160(6):369–379. [PubMed: 24723077] 

24. Greub G, Ledergerber B, Battegay M, et al. Clinical progression, survival, and immune recovery 
during antiretroviral therapy in patients with HIV-1 and hepatitis C virus coinfection: the Swiss 
HIV Cohort Study. Lancet. 2000; 356(9244):1800–1805. [PubMed: 11117912] 

25. Barkan SE, Melnick SL, Preston-Martin S, et al. The Women's Interagency HIV Study. WIHS 
Collaborative Study Group. Epidemiology. 1998; 9(2):117–125. [PubMed: 9504278] 

26. Dudley J, Jin S, Hoover D, Metz S, Thackeray R, Chmiel J. The Multicenter AIDS Cohort Study: 
retention after 9 1/2 years. American journal of epidemiology. 1995; 142(3):323–330. [PubMed: 
7631636] 

27. Kaslow RA, Phair JP, Friedman HB, et al. Infection with the human immunodeficiency virus: 
clinical manifestations and their relationship to immune deficiency. A report from the Multicenter 
AIDS Cohort Study. Annals of internal medicine. 1987; 107(4):474–480. [PubMed: 2957944] 

28. Guidelines for the use of antiretroviral agents in HIV-infected adults and adolescents. Department 
of Health and Human Services and Henry J. Kaiser Family Foundation. MMWR. 
Recommendations and reports : Morbidity and mortality weekly report. Recommendations and 
reports / Centers for Disease Control. 1998; 47(RR-5):43–82.

29. Liu E, Spiegelman D, Semu H, et al. Nutritional status and mortality among HIV-infected patients 
receiving antiretroviral therapy in Tanzania. The Journal of infectious diseases. 2011; 204(2):282–
290. [PubMed: 21673040] 

30. Maman D, Glynn JR, Crampin AC, et al. Very early anthropometric changes after antiretroviral 
therapy predict subsequent survival, in karonga, Malawi. The open AIDS journal. 2012; 6:36–44. 
[PubMed: 22670166] 

31. de Waal R, Cohen K, Maartens G. Systematic review of antiretroviral-associated lipodystrophy: 
lipoatrophy, but not central fat gain, is an antiretroviral adverse drug reaction. PloS one. 2013; 
8(5):e63623. [PubMed: 23723990] 

32. Mulligan K, Tai VW, Algren H, et al. Altered fat distribution in HIV-positive men on nucleoside 
analog reverse transcriptase inhibitor therapy. J Acquir Immune Defic Syndr. 2001; 26(5):443–
448. [PubMed: 11391163] 

33. Nolan D, Hammond E, James I, McKinnon E, Mallal S. Contribution of nucleoside-analogue 
reverse transcriptase inhibitor therapy to lipoatrophy from the population to the cellular level. 
Antiviral therapy. 2003; 8(6):617–626. [PubMed: 14760896] 

34. Suzuki H, Asakawa A, Amitani H, Nakamura N, Inui A. Cancer cachexia--pathophysiology and 
management. Journal of gastroenterology. 2013; 48(5):574–594. [PubMed: 23512346] 

35. Wang XH, Mitch WE. Muscle wasting from kidney failure-a model for catabolic conditions. The 
international journal of biochemistry & cell biology. 2013; 45(10):2230–2238. [PubMed: 
23872437] 

36. Workeneh BT, Mitch WE. Review of muscle wasting associated with chronic kidney disease. The 
American journal of clinical nutrition. 2010; 91(4):1128S–1132S. [PubMed: 20181807] 

37. Johnson CL, Fulwood R, Abraham S, Bryner JD. Basic data on anthropometric measurements and 
angular measurements of the hip and knee joints for selected age groups 1-74 years of age. Vital 
and health statistics. Series 11, Data from the national health survey. 1981; (219):1–68.

GOWDA et al. Page 11

AIDS. Author manuscript; available in PMC 2017 October 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



38. Kawabe N, Hashimoto S, Harata M, et al. Assessment of nutritional status of patients with hepatitis 
C virus-related liver cirrhosis. Hepatology research : the official journal of the Japan Society of 
Hepatology. 2008; 38(5):484–490. [PubMed: 18021235] 

39. Wasserman P, Segal-Maurer S, Rubin DS. High Prevalence of Low Skeletal Muscle Mass 
Associated with Male Gender in Midlife and Older HIV-Infected Persons Despite CD4 Cell 
Reconstitution and Viral Suppression. Journal of the International Association of Providers of 
AIDS Care. 2013; 13(2):145–152. [PubMed: 24067494] 

40. de Hollander EL, Bemelmans WJ, de Groot LC. Associations between changes in anthropometric 
measures and mortality in old age: a role for mid-upper arm circumference? Journal of the 
American Medical Directors Association. 2013; 14(3):187–193. [PubMed: 23168109] 

41. Figueiredo FA, Dickson ER, Pasha TM, et al. Utility of standard nutritional parameters in detecting 
body cell mass depletion in patients with end-stage liver disease. Liver transplantation : official 
publication of the American Association for the Study of Liver Diseases and the International 
Liver Transplantation Society. 2000; 6(5):575–581.

42. Bray GA, Bellanger T. Epidemiology, trends, and morbidities of obesity and the metabolic 
syndrome. Endocrine. 2006; 29(1):109–117. [PubMed: 16622298] 

43. Cole TJ. The secular trend in human physical growth: a biological view. Econ Hum Biol. 2003; 
1(2):161–168. [PubMed: 15463971] 

44. Ladabaum U, Mannalithara A, Myer PA, Singh G. Obesity, abdominal obesity, physical activity, 
and caloric intake in US adults: 1988 to 2010. The American journal of medicine. 2014; 127(8):
717–727 e712. [PubMed: 24631411] 

45. Sterling RK, Lissen E, Clumeck N, et al. Development of a simple noninvasive index to predict 
significant fibrosis in patients with HIV/HCV coinfection. Hepatology. 2006; 43(6):1317–1325. 
[PubMed: 16729309] 

46. Xiao G, Yang J, Yan L. Comparison of diagnostic accuracy of aspartate aminotransferase to 
platelet ratio index and fibrosis-4 index for detecting liver fibrosis in adult patients with chronic 
hepatitis B virus infection: a systemic review and meta-analysis. Hepatology. 2015; 61(1):292–
302. [PubMed: 25132233] 

47. Wai CT, Greenson JK, Fontana RJ, et al. A simple noninvasive index can predict both significant 
fibrosis and cirrhosis in patients with chronic hepatitis C. Hepatology. 2003; 38(2):518–526. 
[PubMed: 12883497] 

48. Newgard CD, Lewis RJ. Missing Data: How to Best Account for What Is Not Known. JAMA. 
2015; 314(9):940–941. [PubMed: 26325562] 

49. Rubin, DB. Multiple Imputation for Nonresponse in Surveys. Wiley & Sons; New York: 1987. 

50. Grunfeld C, Pang M, Doerrler W, Shigenaga JK, Jensen P, Feingold KR. Lipids, lipoproteins, 
triglyceride clearance, and cytokines in human immunodeficiency virus infection and the acquired 
immunodeficiency syndrome. The Journal of clinical endocrinology and metabolism. 1992; 74(5):
1045–1052. [PubMed: 1373735] 

51. Melchior JC, Niyongabo T, Henzel D, Durack-Bown I, Henri SC, Boulier A. Malnutrition and 
wasting, immunodepression, and chronic inflammation as independent predictors of survival in 
HIV-infected patients. Nutrition. 1999; 15(11-12):865–869. [PubMed: 10575662] 

52. Kachaamy T, Bajaj JS, Heuman DM. Muscle and mortality in cirrhosis. Clinical gastroenterology 
and hepatology : the official clinical practice journal of the American Gastroenterological 
Association. 2012; 10(2):100–102. [PubMed: 22079850] 

53. Felig P, Brown WV, Levine RA, Klatskin G. Glucose homeostasis in viral hepatitis. The New 
England journal of medicine. 1970; 283(26):1436–1440. [PubMed: 5481777] 

54. Morgan MY, Marshall AW, Milsom JP, Sherlock S. Plasma amino-acid patterns in liver disease. 
Gut. 1982; 23(5):362–370. [PubMed: 7076013] 

55. Syed GH, Amako Y, Siddiqui A. Hepatitis C virus hijacks host lipid metabolism. Trends in 
endocrinology and metabolism: TEM. 2010; 21(1):33–40. [PubMed: 19854061] 

56. You X, Liu F, Zhang T, Li Y, Ye L, Zhang X. Hepatitis B virus X protein upregulates oncogene 
Rab18 to result in the dysregulation of lipogenesis and proliferation of hepatoma cells. 
Carcinogenesis. 2013; 34(7):1644–1652. [PubMed: 23471881] 

GOWDA et al. Page 12

AIDS. Author manuscript; available in PMC 2017 October 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



57. Brau N, Salvatore M, Rios-Bedoya CF, et al. Slower fibrosis progression in HIV/HCV-coinfected 
patients with successful HIV suppression using antiretroviral therapy. J Hepatol. 2006; 44(1):47–
55. [PubMed: 16182404] 

58. Friedman SL. Mechanisms of hepatic fibrogenesis. Gastroenterology. 2008; 134(6):1655–1669. 
[PubMed: 18471545] 

59. Tuyama AC, Hong F, Saiman Y, et al. Human immunodeficiency virus (HIV)-1 infects human 
hepatic stellate cells and promotes collagen I and monocyte chemoattractant protein-1 expression: 
implications for the pathogenesis of HIV/hepatitis C virus-induced liver fibrosis. Hepatology. 
2010; 52(2):612–622. [PubMed: 20683959] 

60. Castera L. Steatosis, insulin resistance and fibrosis progression in chronic hepatitis C. Minerva 
gastroenterologica e dietologica. 2006; 52(2):125–134. [PubMed: 16557184] 

61. Cheung O, Sanyal AJ. Hepatitis C infection and nonalcoholic fatty liver disease. Clinics in liver 
disease. 2008; 12(3):573–585. viii–ix. [PubMed: 18625429] 

62. Alter MJ. The epidemiology of acute and chronic hepatitis C. Clinics in liver disease. 1997; 1(3):
559–568. vi–vii. [PubMed: 15560058] 

63. Parikh N, Nonnemacher MR, Pirrone V, Block T, Mehta A, Wigdahl B. Substance abuse, HIV-1 
and hepatitis. Current HIV research. 2012; 10(7):557–571. [PubMed: 22973853] 

64. Li, TK., Schenker, S., Lumeng, L., National Institute on Alcohol A, Alcoholism. Division of 
Extramural R. Alcohol and nutrition: proceedings of a workshop, September 26-27, 1977, 
Indianapolis, Indiana; U.S. Dept. of Health, Education, and Welfare, Public Health Service, 
Alcohol, Drug Abuse, and Mental Health Administration, National Institute on Alcohol Abuse and 
Alcoholism; 1979. 

65. Caregaro L, Alberino F, Amodio P, et al. Malnutrition in alcoholic and virus-related cirrhosis. The 
American journal of clinical nutrition. 1996; 63(4):602–609. [PubMed: 8599326] 

66. Baum MK. Role of micronutrients in HIV-infected intravenous drug users. J Acquir Immune Defic 
Syndr. 2000; 25(Suppl 1):S49–52. [PubMed: 11126427] 

67. Hendricks KM, Erzen HD, Wanke CA, Tang AM. Nutrition issues in the HIV-infected injection 
drug user: findings from the nutrition for healthy living cohort. Journal of the American College of 
Nutrition. 2010; 29(2):136–143. [PubMed: 20679149] 

68. Smit E, Graham NM, Tang A, Flynn C, Solomon L, Vlahov D. Dietary intake of community-based 
HIV-1 seropositive and seronegative injecting drug users. Nutrition. 1996; 12(7-8):496–501. 
[PubMed: 8878141] 

69. Loguercio C, Sava E, Marmo R, del Vecchio Blanco C, Coltorti M. Malnutrition in cirrhotic 
patients: anthropometric measurements as a method of assessing nutritional status. The British 
journal of clinical practice. 1990; 44(3):98–101. [PubMed: 2344428] 

70. Stosovic M, Stanojevic M, Simic-Ogrizovic S, Jovanovic D, Djukanovic L. The predictive value of 
anthropometric parameters on mortality in haemodialysis patients. Nephrology, dialysis, 
transplantation : official publication of the European Dialysis and Transplant Association - 
European Renal Association. 2011; 26(4):1367–1374.

GOWDA et al. Page 13

AIDS. Author manuscript; available in PMC 2017 October 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Selection of HIV/viral hepatitis-coinfected, HIV-monoinfected, viral hepatitis-monoinfected, 

and uninfected participants from the Multicenter AIDS Cohort (MACS) and Women’s 

Interagency HIV Study (WIHS) for inclusion in the study.

Abbreviations: AIDS, acquired immunodeficiency syndrome; ART, antiretroviral therapy; 

HIV, human immunodeficiency virus; MACS, Multicenter AIDS Cohort Study; WIHS, 

Women’s Interagency HIV Study
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Figure 2. 
Association between HIV/viral hepatitis-coinfected participants and low muscle mass, as 

compared to HIV-monoinfected, viral hepatitis-monoinfected and uninfected persons.

* All models adjusted for age, sex, race/ethnicity, body mass index, active alcohol use, and 

active injection drug use. Model comparing HIV/viral hepatitis coinfected to HIV 

monoinfected patients was additionally adjusted for HIV viral load and nadir CD4 count.
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Table 2

Risk factors for low muscle mass among HIV/viral hepatitis-coinfected participants.

Risk Factor
Unadjusted OR of
Low Muscle Massa

(95% CI)

Adjustedb OR of
Low Muscle Mass

(95% CI)

Alcohol use

 No Ref Ref

 Yes 1.55 (0.77-3.14) 1.56 (0.75-3.23)

Active injection drug use

 No Ref Ref

 Yes 1.66 (0.69-3.96) 1.73 (0.70-4.31)

AST-to-Platelet Ratio Index

 < 0.5 Ref Ref

 0.5 – 2.0 0.93 (0.45-1.93) 0.87 (0.41-1.86)

 > 2.0 2.68 (0.51-14.2) 3.17 (0.56-18.0)

Nadir CD4 count (per 50 cells/mm3) 0.94 (0.85-1.04) 0.95 (0.86-1.05)

HIV RNA (copies/ml)

 <400 copies/ml Ref Ref

 ≥ 400 copies/ml 2.26 (1.12-4.54) 2.26 (1.10-4.63)

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; OR, odds ratio

a
Low muscle mass, determined by anthropometry, was defined as <10th percentile of age- and sex-matched reference values for mid-upper arm 

circumference

b
Multivariable model incorporated all potential risk factors of interest, including alcohol use, injection drug use, nadir CD4 count, HIV RNA and 

AST-to-Platelet Ratio Index.
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