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 Physical activity is an accepted intervention for the prevention of diabetes mellitus (DM) and 

insulin resistance (IR) in the general population. Few studies in HIV-infected persons assessed 

the role of physical function or physical activity as a contributing factor to glucose disorders.  

The relationship between self-reported and performance-based measures of physical function in 

HIV-infected individuals has not been assessed.  This dissertation examined associations 

between self-reported and performance-based measures of physical function, DM, and IR in 

HIV-uninfected and HIV-infected men. 

 Data from 658 men from the Pitt Men’s Study were analyzed to assess the contribution of 

self-reported physical function to prevalent DM and IR.  Physical function score (AOR 1.5 per 

25 unit decrease, p=0.02) was significantly associated with diabetes, but not IR, after adjustment 

for covariates.  

Data from 1790 men from the Multicenter AIDS Cohort Study (MACS) were used to 

assess physical function as a risk factor for incident DM and IR.  Cumulative DM incidence was 

highest among HIV-uninfected and HIV-infected men with low physical function.  Low physical 

function was a risk factor for incident DM in HIV-uninfected men using more stringent (HR 
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1.31; 95% CI 1.02-1.66) and less stringent (HR 1.29; 95% CI 1.11-1.50) diabetes definitions 

adjusting for BMI, family history of diabetes and race.  Among HIV-infected men, physical 

function was a risk factor for incident DM using the less stringent diabetes definition.   

 To assess the relationship between self-reported and performance-based measures of 

physical function, DM and IR, a cross-sectional study of 2079 men from the MACS was 

conducted.  Self-reported physical function and performance-based measures correlated weakly. 

(HIV-uninfected: ρ=0.12-0.23, p<0.01; HIV-infected ρ=0.16-0.24, p<0.01).  Self-reported 

physical function had a stronger association with DM and IR than performance-based measures 

in HIV-uninfected but not HIV-infected men. 

There are important public health implications of this dissertation.  Low physical function 

is a risk factor for DM in two cohorts of HIV uninfected and HIV-infected men; therefore 

interventions to increase physical function may decrease DM risk while simultaneously reducing 

the risk of further disability and chronic sequelae among HIV-infected individuals already 

diagnosed with diabetes.   This is essential given the national burden of HIV infection and DM.  
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1.0  INTRODUCTION 

1.1 SPECIFIC AIMS 

Physical activity is an accepted intervention for the prevention and management of diabetes 

mellitus (DM) and insulin resistance (IR) in the general population1-9.  However, its role in the 

prevention of DM has not been addressed in most studies of HIV-infected populations10-14.  

 Numerous studies in HIV-uninfected populations have established that physical activity 

levels are correlated with physical function 15-20.  Among HIV-infected persons, resistance 

training has been shown to improve self-reported physical function in patients with HIV 

wasting21.   Therefore, physical function is likely to reflect physical activity.  To date, no studies 

have assessed the association between self-reported and performance-based measures of physical 

function, diabetes mellitus, and insulin resistance in HIV-infected men.  The goal of the 

proposed research is assess the association of physical function, a correlate of physical activity, 

with diabetes mellitus and insulin resistance and, further, to compare self-reported physical 

function with performance-based measures of physical function in HIV-infected and HIV-

uninfected men. 

The following research aims and hypotheses will be used to achieve this goal: 

1. To investigate the association between self-reported low physical function and 

prevalent and incident diabetes mellitus among HIV-infected and HIV-uninfected 
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men.  We hypothesize that low physical function will be independently associated 

with both prevalent and incident diabetes mellitus in HIV-infected and HIV-

uninfected men. 

2. To investigate the association between low physical function and prevalent and 

incident insulin resistance among HIV-infected and HIV-uninfected men.  We 

hypothesize that low physical function will be independently associated with both 

prevalent and incident insulin resistance in HIV-infected and HIV-uninfected 

men. 

3. To compare incidence rates of diabetes in HIV-infected and HIV-uninfected men 

with low physical function to HIV-infected and HIV-uninfected men with high 

physical function.  We hypothesize that HIV-infected and HIV-uninfected men 

with low physical function will have higher cumulative incidences of diabetes 

than HIV-infected and HIV-uninfected men with high physical function. 

4. To assess the relationship between self-reported and performance-based 

measures of physical function in HIV-infected and HIV-uninfected men.  We 

hypothesize that performance-based measures of physical function will be 

significantly correlated with self-report physical function in both HIV-infected 

and HIV-uninfected men. 
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5. To determine whether self-report or performance-based measures of physical 

function are more strongly associated with prevalent diabetes mellitus and insulin 

resistance in HIV-infected and HIV-uninfected men.  We hypothesize that the 

performance-based measures of physical function will have a stronger 

association with prevalent diabetes and insulin resistance than self-reported 

physical function. 
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1.2 BACKGROUND 

1.2.1  Introduction 

 The introduction of highly active antiretroviral therapy (HAART) dramatically changed the 

course of HIV infection.  Individuals living with HIV infection are now faced with co-

morbidities that are common in the general population.  Type 2 diabetes mellitus (DM) and 

insulin resistance (IR) are two such conditions.  To date, the etiology of DM and IR in HIV-

infection remains unclear.  Traditional risk factors such as advancing age and higher body mass 

index (BMI) have consistently been reported and HIV-specific risk factors such as HAART use 

are thought to play a role.  Physical activity is a well accepted intervention for the prevention of 

DM in the general population, yet its role has been overlooked in the majority of studies of DM 

in HIV-infected persons.  The purpose of this literature review is to evaluate what is currently 

known about glucose disorders in the HIV-infected population as well as to underscore the 

paucity of physical activity literature in this specific population.  In addition, the correlation 

between physical activity and physical function will be addressed. 

1.2.2 Glucose disorders 

1.2.2.1 Diabetes 

Diabetes mellitus is a disease in which the body does not either produce or properly use insulin22, 

23.  Insulin helps to maintain normal blood glucose levels in the body by improving the glucose 

uptake from the blood across cell membranes using the glucose transporter GLUT424. Diabetes is 

a complex chronic disorder of carbohydrate, fat, and protein metabolism that is typically the 

result of a relative or a complete lack of insulin secretion by the beta cells of the pancreas or due 

to defects of the insulin receptors25. In diabetes, the pancreas does not make enough insulin 
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(Type 1) or can’t respond normally to the insulin that is made (Type 2).  This leads to an increase 

in blood glucose levels which can cause acute complications (diabetic ketoacidosis) as well as 

long term complications (cardiovascular disease, nephropathy, retinopathy, neuropathy) typically 

requiring continued medical care and patient self management22, 25. Currently, the American 

Diabetes Association (ADA) recognizes 4 classes of diabetes: 1) type 1 diabetes resulting from 

Beta cell destruction typically resulting in absolute insulin deficiency; 2) type 2 diabetes 

typically resulting from insulin resistance combined with relative insulin deficiency; 3) other 

specific types of diabetes due to causes such as genetic defects in Beta cell function, genetic 

defects in insulin action, diseases of the exocrine pancreas and drug or chemical induced; and 4) 

gestational diabetes mellitus which is diagnosed during pregnancy22.   

 Type 2 diabetes occurs most frequently in older adults and is often not diagnosed until 

symptoms occur.  It is estimated that one-third of all individuals with diabetes are undiagnosed22. 

Over the past 50 years, the prevalence and incidence of obesity, insulin resistance and type 2 DM 

have been increasing throughout the world at alarming rates26.  Individuals with Type 2 DM 

comprise 90-95% of all cases of DM worldwide24. It is estimated that the number of type 2 

diabetes cases will double from 171 million in 2000 to 366 million in 2030 with incidence rates 

increasing faster in developing countries24, 27.  The worldwide prevalence in adults was 4.0% in 

1995 and may rise to as high as 5.4% by 202528.  In the United States, a six fold increase in the 

prevalence of type 2 DM was reported between 1958 and 1993 with current estimates suggesting 

that 6-8% of adults have diabetes4, 5, 26, 29; however the true prevalence may be closer to 10% 

after considering undiagnosed cases4, 5, 29. This has lead to an estimated national burden in excess 

of $174 billion ($116 billion in excess medical expenditures and $58 billion in decreased 

national productivity from premature disability, premature death, missed work days, restricted 
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activity, and sick leave) 7, 24. While the specific etiologies of type 2 DM remain unknown, certain 

risk factors are well documented24.  These include family history of DM, age, race/ethnicity, 

obesity, and physical inactivity.  

The risk of developing diabetes for an individual with a positive family history varies 

depending upon the family member’s age, the age at diagnosis and the type of diabetes mellitus.  

The risk of a child developing type 2 diabetes is approximately 14% if the parent with DM was 

diagnosed before age 50 and 8% if diagnosed after age 50.  The risk increases to 50% if both 

parents have type 2 DM24.  Older age can also lead to an increased risk of developing type 2 DM, 

with the greatest risk occurring in persons aged 45 years and older24.  This is likely due to a 

combination of loss of muscle mass with subsequent increases in body fat (especially in the 

abdomen) as well as defects in fatty acid oxidation in muscle with aging (which enhances insulin 

resistance) 24, 30.  In addition, racial/ethnic minorities including African, Hispanic, Indian, Asian 

Americans, and Pacific Islanders have a greater risk of developing type 2 DM.  This is likely due 

to a combination of environmental, genetic, and metabolic differences24. Individuals with a body 

mass index (BMI) of > 25 kg/m2 (normal BMI = 18-25 kg/m2) are considered to be at an 

increased risk for type 2 DM8, 31.  Large waist circumference is also associated with an increased 

risk of type 2 DM, likely due to its use as surrogate for abdominal fat distribution24.  

Physical inactivity can lead to the development of obesity and modifies muscle insulin 

sensitivity, both of which increase risk of type 2 DM development2, 24.  Other factors such as 

dyslipidemia, hypertension, prior gestational diabetes, polycystic ovary syndrome (PCOS), 

inflammation, and prothrombotic factors are also thought to increase the risk of developing DM.   

Early diagnosis is critical for diabetes management.  According to ADA criteria, there are 

3 ways to diagnose diabetes, each of which must be confirmed on a subsequent day22: 1) 
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symptoms of diabetes such as excessive urination, excessive thirst, unexplained weight loss and 

a casual plasma glucose of  > 200 mg/dL (casual is defined as “any time of day without regard to 

time since last meal”) or 2) fasting plasma glucose (FPG)  > 126 mg/dl where fasting is defined 

as no caloric intake for at least 8 hours or 3) 2-h plasma glucose > 200 mg/dl during a 75-g oral 

glucose tolerance test (OGTT) as described by the World Health Organization.  Hyperglycemia 

that does not meet the aforementioned criteria is classified as either impaired fasting glucose or 

impaired glucose tolerance depending upon the diagnostic test used.  IFG is defined as an FPG of 

100 mg/dl to 125 mg/dl while IGT is defined as a 2 hour OGTT of 140 mg/dl to 199 mg/dl. 

People with IFG and IGT, who are at risk for DM, have recently been officially designated as 

having “pre-diabetes22.” Normal glucose tolerance is defined as an FPG < 100 mg/dl. Impaired 

glucose tolerance and impaired fasting glucose can increase the risk of DM development.  

Individuals diagnosed with IFG or IGT have a 40% risk of developing type 2 DM over the next 5 

years 24. 

1.2.2.2  Insulin Resistance 

In the U.S. alone, it is estimated that 70-80 million people have insulin resistance syndrome3.  

Insulin resistance is defined as the diminished ability of cells to respond to the action of insulin 

in transporting glucose from the blood stream into the muscle or other tissues24.  The pancreas 

overproduces insulin in response to this resistance.  If the body can produce enough insulin to 

overcome this resistance, blood glucose levels remain normal.  The overproduction of insulin 

(hyperinsulinemia) can lead to an excess of glucose and insulin in the bloodstream as cells 

become resistant to insulin.  Insulin resistance, in turn, may ultimately progress to DM.  IR is 

likely caused by a combination of genetic and environmental factors (such as physical inactivity 

and diet) 6, 24.  IR can include both elevated blood glucose levels and elevated levels of 
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circulating insulin24.  Several mechanisms are thought to lead to IR including reduced binding of 

insulin to the insulin receptor, changes in intracellular signaling pathways, and defective cellular 

uptake of glucose32.  IR, in combination with insulin deficiency, likely plays a key role in the 

pathophysiology of type 2 DM.  Defects in insulin secretion, abnormalities in glucose uptake and 

insulin resistance are uniform findings in type 2 DM3.  The body’s ability to maintain glucose 

homeostasis depends upon the normal insulin secretory response by the pancreatic beta cells as 

well as normal tissue sensitivity3, 6, 24.  Risk factors for IR are similar to those of DM and include 

obesity, physical inactivity, family history of DM, PCOS, hypertension, hyperlipidemia, and an 

increased waist circumference. 

The current “gold standard” for measuring IR is the hyperinsulinemic euglycemic 

clamp33; however the technique is complicated to administer34. Alternatives such as the 

Quantitative Insulin Sensitivity Index Check (QUICKI) and the homeostasis model assessment 

(HOMA) utilize fasting insulin and glucose levels to calculate IR and were developed to offset 

the complicated nature of the clamp technique.  Both the HOMA (r = -0.820, P < 0.0001)35 and 

the QUICKI (r=0.77, P< 0.0001)36 have been found to correlate well with clamp technique and 

are acceptable for use as a measures of insulin sensitivity and insulin resistance in studies in 

which only a fasting blood sample is available34-38.  

1.2.3  Diabetes and physical activity in HIV-uninfected populations 

1.2.3.1  Physical activity and exercise 

According to the 1996 “Physical Activity and Health” Surgeon General report, physical activity 

(PA)  is defined as bodily movement produced by the contraction of skeletal muscle that requires 

energy expenditure in excess of resting energy expenditure39.  Exercise is a subset of PA that 
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consists of planned, structured, and repetitive bodily movements that are performed to either 

improve or maintain one or more components of physical fitness including cardiorespiratory 

fitness, muscular fitness, and flexibility.  While exercise is a type of physical activity, it is 

important to note that not all physical activity is considered exercise16.  An individual may be 

physically active during the day, walking at an occupation, doing housework, etc without 

actually doing structured exercise.  Despite these differences, the terms are often used 

interchangeably. 

 The Surgeon General’s Report recommends 30 minutes of moderate intensity physical 

activity, similar in intensity to brisk walking, on most days of the week, although it is not 

necessary to complete all 30 minutes in one continuous session.  Short bouts of 10 minutes or 

longer completed during a single day are acceptable.  However, 1998 data from the Behavioral 

Risk Factor Surveillance System suggest that a mere 25.4% of individuals participate in the 

recommended level of physical activity while 45.9% and 28.7% report insufficient activity or no 

activity respectively40.  Findings from the Third National Health and Nutrition Examination 

Survey (NHANES III) indicate that 31% of individuals with type 2 DM reported that they do not 

partake in physical activity while an additional 38% reported that they participated in less than 

the recommended levels of physical activity41.  

1.2.3.2  Prevention of diabetes 

Throughout the years, the role of physical activity in preventing type 2 DM in HIV-uninfected 

individuals has become well established.  Four major clinical trials (three of which were 

randomized) and numerous large cohort studies provide strong evidence to suggest that physical 

activity can reduce the incidence of DM42-50.  The Swedish Malmo Feasibility study was the 

earliest clinical trial aimed at preventing diabetes42.  This six year non-randomized trial enrolled 
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161 men with impaired glucose tolerance (IGT) in a diet-plus-physical activity intervention and 

compared these men to 56 men with IGT who declined the same intervention.  After 6 years, the 

cumulative incidence of type 2 DM was 11% in the diet-plus-PA group compared with 21% in 

the control group (relative risk (RR) 0.37, 95% CI 0.20-0.68)42.  In addition, after 12 years of 

follow-up, the mortality among men with IGT in the intervention group was 6.5 per 1,000 person 

years versus 14.0 per 1000 person-years in the control group43.  Despite these encouraging 

results, the study had an important limitation.  As previously mentioned, this trial was non-

randomized therefore baseline differences between groups (the 2 arms differed by medical 

conditions) affected the study’s internal validity.  

The first randomized trial, the Da Qing IGT and Diabetes Study, addressed life style 

interventions with the goal of preventing type 2 DM48, 49.  This study randomized, by clinic site, 

577 Chinese men and women aged 25 years and older with IGT to one of four interventions: 

diet-only, exercise-only, diet-plus-exercise, and a control group.  Subjects were followed for six 

years and the cumulative incidence of DM was calculated.    The cumulative incidence of type 2 

DM was highest in the control group (68%), followed by the diet group (44%), the exercise 

group (41%) and the diet plus exercise group (46%) respectively.  Each intervention group 

differed significantly from the control group (p<0.05).  In a proportional hazards model 

comparing the intervention groups to the control group after adjustment for body mass index and 

fasting glucose, there was an overall lower incidence of DM by 31% in the diet-only group 

(p<0.03); 46% in the exercise-only group (p<0.0005) and 42% in the diet-plus-exercise group 

(p<0.005)48.  This study provides evidence to suggest that both diet and exercise can be 

important interventions in preventing DM.  This study did however have two major limitations: 

1) randomization occurred at the clinic level rather than at the participant level and 2) the 
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baseline exercise units for the two PA groups were significantly higher than the control or diet-

only group.  Generalizability of results is also limited as this study restricted participating clinics 

to a single city in China (Da Qing).  Therefore results may not extend to other ethnic groups 

especially given the leanness of the Da Qing cohort (mean BMI ~ 23 kg/m2).  

Results from subsequent clinical trials completed in Finland and the United States 

produced similar results but differed from the Da Qing study by randomizing individual 

participants rather than clinics.  In the Finnish Diabetes Prevention Project 522 overweight 

participants with IGT ranging in age from 40-65 years were randomized to a lifestyle 

intervention (with both a dietary and a PA component) or a control group44, 45, 47.  The cumulative 

incidence of DM after 4 years was 11% in the intervention group compared with 23% in the 

control group.  In Cox regression models, the cumulative incidence in the intervention group was 

58% lower (hazard ratio (HR) 0.4; p<0.01) than in the control group.  The incidence of DM was 

reduced by 63% in men (p=0.01) and by 54% in women (p=0.008).  A post-intervention follow-

up study by the same group produced similar results.  The incidence rates were 4.3 per 100 

person years in the intervention group and 7.4 per 100 years in the control group (p=0.0001) with 

a corresponding HR of 0.57.  The 6-year cumulative incidence for DM was 23% in the 

intervention group and 38% in the control group46.   

The Diabetes Prevention Program (DPP) was a large, randomized clinical trial conducted 

in the U.S. which included 3234 overweight men and women 25 years and older with impaired 

glucose tolerance50.  The study’s objective was to determine whether a lifestyle intervention or 

treatment with metformin would prevent or delay the onset of type 2 DM.  Participants were 

randomized to one of three interventions: standard lifestyle recommendations plus metformin, 

standard lifestyle recommendations plus placebo, or an intensive lifestyle modification program 
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and were followed for a mean of 3.2 years.  The crude incidence of diabetes was 11.0, 7.8, and 

4.0 cases per 100 person years in the placebo, metformin, and lifestyle intervention groups 

respectively after a mean of 2.8 years of follow-up.  The risk reduction was 58% in the lifestyle 

group and 31% in the metformin group compared to the placebo group.  In addition, the 

incidence of diabetes was 39% lower in the lifestyle group than the metformin group.  The 

estimated cumulative incidence of DM at three years was 28.9% in the placebo group, 21.7% in 

the metformin group and 14.4% in the lifestyle intervention group.  These results were similar in 

both men and women as well as in all racial and ethnic groups50.  

In addition to these 4 well known clinical trials, a number of large cohort studies51-60 and 

smaller clinical trials61, 62 also found that higher levels of exercise and/or cardiorespiratory fitness 

were associated with a decreased risk of developing type 2 DM.  The independent effect of 

exercise remained, when accounting for known diabetes risk factors including hypertension, 

familial history of DM, and obesity.   

Despite the consistent findings from these clinical trials, it is important to note that a few 

questions regarding physical activity and diabetes are not yet answered63.  The aforementioned 

clinical trials provide strong evidence for the promotion of lifestyle interventions in the 

prevention of type 2 DM; however in 3 of the 4 trials the independent effect of activity alone was 

not tested.  All of the trials, except the Da Qing Study, used a combined lifestyle intervention 

including physical activity, diet, and weight loss.  Therefore, in order to truly understand the role 

that PA plays in preventing type 2 DM, the physiological effect of this relationship needs to be 

better defined. 

Given the results of the aforementioned studies, the American Diabetes Association 

(ADA) maintains that “the importance of promoting physical activity as a vital component of the 
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prevention as well as management of type 2 diabetes must be viewed as a high priority64.”  In 

addition, the ADA suggests that the exercise benefits of improved metabolic abnormalities in 

type 2 DM are greatest when exercise is introduced early in the progression of the disease64. 

1.2.3.3  Metabolic effects of physical activity in diabetes management 

Although physical activity has been used for decades as an important facet of diabetes 

management, it has only been in the past few years that good quality evidence strengthened the 

importance of its use65.  Numerous cross-sectional and cohort studies provide evidence that 

physical inactivity is associated with impaired glucose tolerance66-71.  Physical activity can lower 

blood glucose by its synergistic action with insulin in tissues that are insulin-sensitive72.  The 

specific metabolic effects of physical activity on type 2 diabetes and insulin resistance follow. 

 Boulé et al conducted a meta-analysis of controlled clinic trials (through December 2000) 

on the effect of physical activity interventions (> 8 weeks duration) on glycemic control in type 2 

diabetics using glycosylated hemoglobin (HbA1c)73.  In pooled post intervention results, HbA1c 

was significantly lower in the intervention groups as compared to the control groups (7.65% 

versus 8.31%, weighted mean difference -0.66%; p<0.001).  Boulé et all suggested that a 

reduction in HbA1c by 0.66% was significant enough to reduce the risk of diabetes complications 

and was similar in effect to differences between conventional and intensive glucose-lowering 

therapy in the United Kingdom Prospective Diabetes Study74, 75.  In addition, the data from the 

meta-analysis was taken from a number of different ethnic populations, ages, dietary 

interventions and medication interventions, and can thus be generalized to middle aged 

individuals with type 2 DM.  Post intervention body weights did not significantly differ between 

the intervention and control groups (weighted mean difference 0.06, p=0.60).  Meta-regression 

analysis indicated that the HbA1c difference were independent of body weight (weight loss), 
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exercise intensity, or exercise volume.  This finding suggests that even without weight loss, 

exercise can beneficially impact glycemic control.  Exercise affects a number of mechanisms, 

not necessarily involved with weight loss, that decrease hepatic and muscle insulin resistance 

while increasing glucose disposal.  These mechanisms include increased post receptor insulin 

signaling, increased glucose transporter and messenger RNA, increased glycogen synthase and 

hexokinase activity, decreased release and clearance of free fatty acids, increased muscle glucose 

delivery (due to an increased muscle capillary density), and changes in muscle composition 

which help to increase glucose disposal76-83.  

In their randomized trial of 251 adults ages 39 to 70 years with type 2 DM, Sigal et al 

also reported improvements in HbA1c with aerobic and resistance training84.  The absolute 

change in HbA1c value in the aerobic training group was -0.51 percentage point compared to the 

control group (95% CI, -0.87 to -0.14).  Similarly, a change of -0.38 was observed in the 

resistance training group compared with the controls (95% CI -0.72 to -0.22).  The control group 

had an increase in HbA1c of 0.07 percentage point whereas the aerobic group and resistance 

group had decreases of 0.43 and 0.30 percentage points respectively. 

During physical activity, a 20-fold increase in whole-body oxygen consumption can 

occur in the working muscles.  Skeletal muscle will use its own stores of glycogen, triglycerides, 

and free fatty acids from the breakdown of adipose tissue triglycerides and glucose released from 

the liver to meet the body’s energy needs during exercise64.  

Skeletal muscle IR is the characteristic feature of patients with type 2 DM26.  Although 

the primary cause of whole-body insulin resistance remains unclear, recent studies have 

improved our understanding of the molecular basis that leads to the beneficial role of exercise in 

stimulating the entry of glucose into insulin-sensitive tissues.  These mechanisms include defects 
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in early and intermediate insulin signal transduction in skeletal muscle, gene expression, enzyme 

regulation, and lipid dynamics breakdown26.  Insulin-mediated glucose uptake takes place mostly 

in skeletal muscle and is directly related to the amount of muscle mass while inversely associated 

with fat mass.   

It has become well accepted that regular exercise is an effective therapy to improve 

insulin action in the skeletal muscle of insulin resistant individuals3, 72, 85, 86.  Studies suggest that 

exercise increases both peripheral and visceral insulin sensitivity for 12 to 24 hours post exercise 

among individuals with type 2 DM72, 87-89.  Exercise training studies have also established that 

PA can improve insulin sensitivity independent of its effect on weight loss and fat  

distribution81, 90. 

1.2.4 HIV Epidemiology 

More than twenty-five years have passed since the first cases of the human immunodeficiency 

virus (HIV) emerged yet today the disease remains one of considerable public health 

significance.  According to 2006 UNAIDS data, an estimated 38.6 million individuals live with 

HIV worldwide; 1.1 million of these reside within in the United States91, 92.   The majority of 

individuals living with HIV in the US at the end of 2006 were nonwhite (65.4%) and almost half 

were men who have sex with men (MSM) (48.1%)92.  Of the prevalent cases 74.8% were males 

and 70% of persons living with HIV in the US were between the ages of 25-49.  In August 2008 

the Centers for Disease Control and Prevention (CDC) estimated that approximately 56,300 

people were newly infected with HIV in the United States in 2006 (95% CI: 48,200–64,500)93.   

This is higher than the previous estimate of 40,000.  The new estimate also confirmed that gay 

and bisexual men of all races, African Americans, and Hispanics/Latinos were most affected94.   
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HIV infects CD4 cells by integrating into host DNA.  The virus converts its RNA into 

DNA through the use of a reverse transcriptase enzyme95.  If left untreated HIV infection results 

in a chronic, progressive, and eventually fatal disease characterized by depletion of CD4 

lymphocytes96.  Although HIV and the acquired immunodeficiency syndrome (AIDS) claimed 

545,805 lives in the United States since 1981, the effective use of highly active antiretroviral 

therapy (HAART) throughout the past decade significantly reduced morbidity and mortality 

among those affected with HIV97-99.  

Currently, there are 3 main classes of antiretroviral agents (ARV) in use, the reverse 

transcriptase inhibitors (RTI) [nucleosides (NRTI); non-nucleosides (NNRTI) and nucleotides], 

protease inhibitors (PI), and entry inhibitors100. NRTIs were the first type of drug available to 

treat HIV infection95. They contain faulty versions of the nucleotides used by reverse 

transcriptase to convert RNA into DNA.  Due to the faulty nucleotides, new DNA cannot be 

correctly built and HIV’s genetic material is not incorporated into the cell. Thus replication of 

new virus is prevented. NNRTIs attach directly to the reverse transcriptase enzyme, change its 

shape, and prevent the enzyme from converting RNA into DNA.  Protease inhibitors block the 

ability of the protease enzymes to cut the long strands of amino acids into working proteins for 

HIV95. Therefore, the virus is unable to make copies to infect new cells.  When used in 

combination with RTIs, PIs are the most effective HIV treatment to date95. Entry inhibitors are 

the newest antiviral drugs available to treat HIV infection and work by blocking the attachment 

of HIV to the CD4 T receptor or the CCR5/CXCR4 co-receptors101. 
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1.2.5 Glucose disorders in HIV-infected populations 

The wide spread usage of highly active antiretroviral therapy (HAART) presented unforeseen 

clinical challenges within the dynamic HIV epidemic99. As the paradigm of HIV treatment 

shifted from palliative care to chronic disease management, unexpected metabolic complications 

surfaced102, 103.  Syndromes such as lipoatrophy, visceral fat redistribution and accumulation, 

hyperlipidemia, diabetes mellitus, impaired glucose tolerance, and insulin resistance began to 

occur in both individuals receiving HAART102-106 as well as in HIV-infected patients not using 

ARV agents100. Patients with chronic HIV disease can have an abnormal metabolic profile 

including elevated lipids and insulin resistance.  A full understanding of these complications 

remains elusive, but may involve a combination of antiretroviral therapy and duration of HIV 

infection (likely due to the pro-inflammatory effects of HIV itself103) as well as traditional risk 

factors such as lifestyle, body mass index (BMI)11, 107-110, age, sex, and genetic predisposition111, 

112.  Adiponectin and a high level of free fatty acids have also been implicated with IR among 

individuals with HIV infection.  Similarly, increased fatty acids in HIV patients with fat 

redistribution correlate with IR113, 114. 

1.2.5.1 Diabetes Mellitus 

Prior to HAART introduction, cases of DM and IR rarely occurred in HIV-infected 

individuals115.  Beginning as early as 1998, cross sectional and cohort studies reported an 

increase in glucose disorders among HIV-infected individuals14, 103, 108, 109, 114, 116-120. Prevalence 

estimates of DM among HIV-infected persons have been found to vary greatly and range from 

1% to 16%107-109, 118, 119, 121.  This range likely occurs for a number of reasons, including differing 

study designs and populations as well as the specificity and sensitivity of the diabetes definition 
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used. In one of the first studies, Carr et al reported a 7% DM prevalence among HIV-infected 

participants receiving protease inhibitors116.  However, it is important to note that this study 

lacked an HIV-uninfected control group, had a small size and did not confirm glucose levels by 

subsequent testing.  The majority of studies have documented prevalence rates between 6-

10%,118, 120, 122, 123 however a larger, prospective cohort study in 1278 HIV-uninfected and HIV-

infected men by Brown et al found that prevalent DM was more common in HIV-infected men 

receiving HAART compared to HIV-uninfected men (14% versus 5%)121.  HIV-infected men not 

on HAART were also found to have an increased risk of prevalent DM (PR 2.21; 95% CI 1.12-

4.38) compared to HIV-uninfected men.  However, it is important to note that FG levels were not 

confirmed by a subsequent test, which may have affected prevalence estimates.  Regardless, the 

DM prevalence differences in HIV-infected versus HIV-uninfected participants deserve 

attention.    

Extremes in prevalence estimates are noted.  Brar et al, used a cohort of ART naïve 

participants which may account for their lower prevalence estimates (3.3%) given results from 

studies which suggest that ARVs may play a role in diabetes development107.  They excluded 

participants over the age of 59 years (mean age 38 years) which may partially explain their lower 

estimates107. In addition, their DM definition was based on historic self-report rather than on 

glucose testing. In contrast, Howard et al reported much higher DM prevalence in their cross-

sectional studies of HIV-infected and HIV-uninfected men and women108, 109. The first of these 

studies assessed the associations of HIV, HAART, and other factors with prevalent diabetes in a 

cohort of 288 HIV-uninfected and 332 HIV-infected middle-aged (ages 35-71) women108.  Of 

these women, over 80% were black or Hispanic, 74% were overweight and 75% were not 

physically active.  Diabetes was defined by self-report of a DM diagnosis.  Of the entire cohort, 
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13% reported being told by a health care provider that they had DM and no differences were 

noted by HIV status (12% for HIV-infected and 13% for HIV-uninfected, p = 0.75) or by PI use 

(15% for PI experienced versus 8% for PI-naïve, p=0.06).  A similar study by the same authors 

was conducted in a cohort of 643 HIV-uninfected and HIV-infected men > 49 years.  Of these 

men, over 75% were black or Hispanic, 58% were overweight and 70% were not physically 

active109.  The definition for DM was analogous to their study in women.  Of the entire cohort, 

18% reported being told by a health care provider that they had DM and no differences were 

noted by HIV status (16% for HIV-infected and 20% for HIV-uninfected, p = 0.25) or by PI use 

(18% for PI experienced versus 12% for PI-naïve, p=0.13).  The high prevalence rates in these 

two studies can likely be attributed to the high risk profiles in the study populations.  The 

prevalence of DM in HIV-uninfected subjects (20% for men and 13% for women) was much 

higher than the prevalence in the general population (6-8%)4, 5, 26, 29, 103.  A second study in 

women with similar demographics to the Howard study reported a 10.2% prevalence in HIV-

uninfected women, 8.1% in HAART naïve women, and 4.2% of women on HAART (although 

these differences were not significant)120.  These somewhat surprising results may be due to BMI 

and minority differences between the groups. 

A number of studies have also assessed the incidence of DM in HIV-infected 

populations.  Brown et al121 (n=680 for incidence analysis) reported a 4-fold increase the 

incidence rate of DM in HIV-infected men on HAART compared to HIV-uninfected men (47 per 

1000 person-years [PY] versus 14 per 1000 PY; age and BMI adjusted RR 4.11, 95% CI 1.85-

9.16); however no differences in incidence rates were observed between HIV-infected men not 

using HAART (17 per 1000 PY) and HIV-uninfected men (demographics similar for men on 

HAART and men not on HAART).  Because fasting glucose levels were not confirmed, it is 
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possible that the observed incidence rate in this study is overestimated.  In addition, other factors 

such as physical activity and family history of DM were not assessed and may confound RR 

results.  Ledergerber et al14, in their cohort of 6513 HIV-infected participants from the Swiss 

HIV Cohort Study, reported a much lower incidence of DM (4.42 cases per 1000 person-years, 

95% CI 3.7-5.3) while De Wit et al reported a similar low incidence of new onset DM (5.72 per 

1000 person years, 95% CI 5.31-6.13) in a cohort of 32,437 HIV-infected men and women in 

Europe, the US, Argentina, and Australia.  Explanations for these discrepancies include a lower 

population background DM incidence in Europe compared with the US124, differing study 

demographics (lower mean age and BMI compared with the Brown study) and a confirmatory 

fasting glucose.  However, neither of these studies had an HIV-uninfected control group.   

Results from a multicenter (6 inner city US sites) prospective cohort study of 1435 HIV-

infected and 350 HIV-uninfected women reported an incidence of 14 cases per 1000 person-

years in HIV-uninfected women, 12 per 1000 person-years, 12 per 1000 person-years and 28 per 

1000 person-years in the NRTI, no HAART, and PI groups respectively13.  However, DM cases 

were based on self-report so misclassification was possible.  Tien at el reported incidence rate 

results from the same cohort using fasting glucose levels or initiation of diabetes medications125. 

They reported a DM incidence rate of 19.6 per 1000 person-years in HIV-uninfected women, 

15.3 per 1000 person-years in HIV-infected women not on HAART, 25 per 1000 person-years in 

HIV-infected women on HAART in combination with a PI and 28.9 per 1000 person-years in 

women on non-PI HAART; however none of the relative hazards significantly differed from one 

another.  Therefore, chance cannot be ruled out.  Regardless, these studies are important because 

they provided some insight into the incidence of DM in women, a less studied HIV-infected 

population. 
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This current literature has several limitations including differing DM definitions (making 

prevalence and incidence comparisons difficult), sample size differences and few studies in HIV-

infected women and populations at lower risk for DM.  In addition, it is important to note that the 

differences in DM and IR prevalence and incidence in the post-HAART era compared with the 

pre-HAART era could also be attributed to longer life expectancies (and thus more time to 

develop DM), increased testing and screening, and the 1997 change in diagnostic criteria which 

implemented a lower cutoff for DM (126 mg/dL)126. 

1.2.5.2 Insulin resistance 

Walli et al32, 127 and Carr et al103, 116 were among the first to document the development of insulin 

resistance in HIV-infected individuals in epidemiological studies.  Walli et al32 reported a 61% 

prevalence of IR among patients treated with protease inhibitors as well as significantly lower 

insulin sensitivity (75 µmol/l/min ) compared with therapy naive patients (156 

µmol/l/min, p<0.001).  Cross-sectional studies by Carr found that men on PI therapy had 

significantly higher insulin levels than both HIV-infected men not on PIs and HIV-uninfected 

men (9.1 versus 7.2 versus 5.1 mlU/l respectively) and reported a 16% prevalence of impaired 

glucose tolerance among the men on protease inhibitors103, 116.  Conversely, Danoff et al, did not 

find significant differences in the HOMA score between 88 HIV-uninfected and 179 HIV-

infected women (p=0.4) or by HIV-treatment group120.  However, sample sizes were small in 

these studies and power may have been limited.  Howard et al, did not find any difference in the 

prevalence of impaired glucose tolerance according to PI or HAART use in their cross-sectional 

studies of HIV-uninfected and HIV-infected men109.  In addition, prevalence of IGT did not vary 

by HIV serostatus in men.  Conversely, women receiving non-PI HAART were more likely to 
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have IGT when compared with HIV-uninfected women (25% versus 9%, P=0.02) 108.  Due to the 

cross-sectional design of these initial studies, a temporal relationship between PI use and IR 

could not be determined.  In addition, subjects in these studies were not randomized to treatment 

group; therefore it is possible that other factors (such as PA and other unmeasured variables) 

confounded this relationship.  In a case-control study, Hadigan et al matched 213 healthy HIV-

uninfected control subjects (from the Framingham Offspring Study) to  71 HIV-infected patients 

with lipodystrophy128.  Thirty HIV-infected participants without lipodystrophy were separately 

matched to 90 HIV-uninfected controls.  Participants were matched on age and BMI.  The study 

found that 35% of patients with lipodystrophy had impaired glucose tolerance.  HIV-infected 

cases with lipodystrophy were more likely to have impaired glucose tolerance than their matched 

HIV-uninfected controls (OR 6.5 adjusted for waist-to-hip ratio, 95% CI 2.9-14.7).  In addition, 

HIV-infected cases with lipodystrophy were more likely to have hyperinsulinemia (adjusted OR 

3.2, 95% CI 1.7-7.2).  Insulin levels and glucose levels did not significantly differ between HIV-

infected patients without lipodystrophy and their HIV-uninfected controls.  Selection bias may 

have affected results, as HIV-infected cases were responders to community-based advertisements 

or due to physician referrals and thus may differ from HIV-infected individuals who chose not to 

participate.  Likewise, controls were not chosen in a similar manner but, instead, were taken 

from a large population based study.    The varying results of the aforementioned studies 

underscore the difficulty in determining the exact prevalence and incidence rates of IR and IGT 

in HIV-infected populations.   

While the exact mechanism is not known, a number of theories have been proposed to 

help explain the cause of IR in HIV-infected populations102.  These mechanisms include direct 

metabolic effects from antiretroviral therapies129, 130, metabolic dysfunction due to HIV infection 
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itself secondary to cytokine and hormonal abnormalities, and an interaction between HIV disease 

and antiretroviral therapies128. 

 Numerous studies found an association between protease inhibitor use (specifically 

indinavir, amprenavir, nelfinavir, and ritonavir) and the development of IR116, 131-135. These 

results have been strengthened by studies showing that switching patients to other regimens 

improved the hyperglycemia136, 137. The use of PIs has been shown to lead to abnormal lipids and 

glucose metabolism even in the absence of HIV132, 138.  For example, Noor et al found that 

indinavir reduced insulin sensitivity by 38% after a single dose in healthy, HIV-uninfected 

individuals132. Although the mechanism is not fully understood, current literature suggests that 

PIs may lead to insulin resistance by interfering with glucose transport and phosphorylation130. 

Others propose that PI regimens cause peripheral IR in skeletal muscle and adipose tissue as well 

as impair the ability of the beta cells to deal with these changes by reducing pancreatic beta cell 

insulin secretion134, 135, 139. In addition, PIs have been shown to inhibit GLUT4, a necessary rate-

limiting step in the transport of glucose across cell membranes, thus decreasing the glucose 

regulating ability of GLUT4 with subsequent increases in cellular glucose uptake100. Other drug 

regimens such as nucleoside analogues may not directly affect glucose metabolism but still may 

contribute to IR through body fat distribution changes135. 

While the majority of literature does indicate that a relationship exists between PIs and 

IR133, 134, 140,  a number of studies found contradictory results suggesting that other medications, 

factors related to HIV, and traditional IR risk factors may be of importance141.  Hadigan et al 

reported similar increases in fasting and 2-h insulin levels among PI-naïve patients as well as in 

both current and past recipients of PI therapy128.  They also found that the duration of NRTI 

exposure but not duration of PI exposure predicted fasting hyperinsulinemia in multivariate 
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regression analysis and proposed that a more complex pathophysiologic mechanism for 

metabolic abnormalities exists.   Howard et al, also did not find a significant association between 

PI use and IR likely due to the lower number of men on indinavir (13%) compared with other PIs 

that have a weaker effect on the development of IR109, 131, 132, 142-146. A larger, prospective cohort 

study by Brown et al assessed IR and its relationship to HAART in a cohort of HIV-infected and 

uninfected men and found that of the 3 major drug classes, only cumulative exposure to NRTI 

was independently associated with fasting hyperinsulinemia (OR 1.08; 95% CI 1.02-1.13) 

although cumulative exposure to PIs had a similar, but non-significant relationship (OR 1.06; 

95% CI 0.99-1.14) 141.  It is possible that the lack of association with PIs in the above studies is 

due to the heterogeneous effect of protease inhibitors on IR.  Grouping PIs together as class 

rather than assessing the effect of the individual PI may dilute any effect of the individual 

medication141.  It is also important to recognize that studies focusing on cumulative or long-term 

drug effects may report conflicting results compared with those focused on recent drug exposure 

as PIs (specifically indinavir) typically lead to an acute onset of IR which is reversible after drug 

discontinuation11. 

1.2.5.3 Risk factors for glucose disorders in HIV-infected populations 

While the mechanism for DM onset in HIV-infected populations is unknown, many authors 

speculate that protease inhibitor use plays a role due to insulin resistance32, 100, 110, 129, 133, 134, 147, 

148.  The rate at which IR and IGT progress to DM in HIV-infected individuals is not fully known 

and because insulin resistance from PIs is reversible, other risk factors for DM should be 

considered11, 137.  Limited data is available on the association of DM with NRTI use although 

studies do suggest that cumulative exposure to this drug class may be associated with glucose 

disorders11, 14, 125, 128, 141, 149.  The mechanism for this association is under investigation and may 
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involve inhibition of mitochondrial DNA polymerase-gamma150. It is possible that chronic HIV 

infection (due to prolonged inflammation and cytokine over expression)103, 151, 152, and  risk 

factors that are more specific to HIV-infected populations including hepatitis C virus infection 

(HCV)122, 123, 153, drug-drug interactions12, 110, 152, lipoatrophy and body fat redistribution110, 128, 

149, 154, 155, and a history of an AIDS defining illness14, 107, 123, 153 may play a role in DM and IR 

development.  However, it is important to note that risk factors vary from study to study 

depending on population, sample size and study design.  For example, Mehta et al found that 

HCV infection was associated with hyperglycemia and DM123 whereas Hughes et al12 did not 

find an association and results from Ledergerber et al were inconclusive14.   Further, Brar et al 

did not find an association between HCV coinfection and DM in HAART naive individuals107.  

Differences in HCV study populations such as younger age in the Hughes study and a larger 

percentage of minority participants in the Mehta study may explain these discrepancies as well as 

power differences based on sample sizes and variations in drug therapy.  This example illustrates 

the difficulty of defining the risk factors associated with new onset DM and IR in HIV-infected 

populations.  

Regardless of these discrepancies, findings from numerous studies underscore the 

importance of traditional risk factors in the development of DM in HIV infected populations107-

109. Factors such as older age11, 12, 14, 107, 109, 123, 148, 153, higher BMI11, 107-110, 156, 157, black or 

Hispanic race11, 12, 14, 107-109, 153, family history of DM108, 109, 156 and male sex11, 14 were 

consistently associated with DM in HIV-infected populations regardless of study design, 

population, or sample size.   
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1.2.6 Physical activity in HV-infected populations 

1.2.6.1 Prevalence 

In the general population, it is well accepted that a physically active lifestyle helps prevent many 

chronic diseases and conditions.  Less is known about the risks and benefits of physical activity 

participation in HIV-infected individuals158. In fact, most of the studies have focused on exercise, 

a subset of PA159.  Early studies suggest that physical activity can be implemented safely in HIV-

infected populations, however results should be interpreted cautiously due to small sample 

sizes160-169, high dropout rates160, 165, 166, 168-170, and lack of an HIV-uninfected control group160, 

164, 165, 167-169 or a non-exercising control group165, 169.  A 2004 meta-analysis by O’Brien et al was 

not able to confirm an overall effect of aerobic exercise on CD4, viral load, or VO2max, however 

they reported the possibility of clinically important improvements in VO2max in exercisers 

compared with non-exercisers171
.  They attributed the lack of statistical significance to small 

sample sizes and concluded that aerobic exercise for HIV-infected adults appears to be safe due 

to the stability of immunological and virological measures as well as the absence of adverse 

event reports among exercisers in the included studies171.  Mustafa et al reported that exercise 

was associated with slower progression to AIDS at 1 year (HR= 0.68, 90% CI 0.4-1.17).  An 

increase in CD4 count by 107% during the year was also reported compared with non-

exercisers172.  The authors did not adjust for other factors in their models; therefore it is possible 

that improvements in CD4 count were due to factors such as medication adherence or better 

medical care.  Despite these limitations, the fact that exercise appeared beneficial rather than 

harmful to CD4 count deserves attention.  Bopp et al were the first to assess the effect of daily 

physical activity on CD4 cell counts and viral load in HIV-infected individuals and reported a 

significant, inverse association between PA levels (measured by wrist actigraph) and viral load  
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(r = -0.425, p=0.0061)173.   Although the cross-sectional design limited the ability to make causal 

inferences, the results do provide some evidence that HIV-infected persons who partake in 

regular physical activity may incur health benefits compared with their more sedentary 

counterparts.  Current exercise recommendations for HIV-infected persons support the safety and 

efficacy of moderate to high intensity aerobic and resistance training if prescribed by a trained 

professional174.  

 A few studies have assessed the prevalence of overall physical activity participation in 

HIV-infected populations159, 175-180 and results varied greatly based on study population (Table 

1).  None of the studies were population based, making comparisons with the general population 

as well as the overall HIV-infected population difficult.    

Arendt et al, reported a higher prevalence of activity in HIV-infected men than in 

Canada’s general population (84.5% versus 56%)175.  However, comparability is limited as 

participants in this study may not be representative of the general HIV-infected population (study 

consisted of white homosexual or bisexual men).    

 Filipas et al reported that nearly three quarters (73.8%) of their HIV-infected population 

met CDC and American College of Sports Medicine Guidelines (ACSM) for PA while 65.8% of 

their HIV-uninfected population met the guidelines177.  However, this study had several 

limitations including a small sample size, limited demographic data, possible misclassification of 

HIV-uninfected participants (based on self-report only) and use of the International Physical 

Activity Questionnaire (IPAQ) which tends to overestimate physical activity levels179, 181. In an 

IPAQ validation study, Ramirez-Marrero et al179 compared self-reported PA levels from the 

IPAQ with objective PA measures including accelerometer use and found that the IPAQ 

significantly overestimated moderate and vigorous PA compared with the Actigraph (mean 
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difference -268.6 + 314.0 min/wk IPAQ > Actigraph, t = - 6.16, p< 0.01) in a sample of HIV-

infected Hispanic adults.  The proportion of participants who were classified as physically active 

(defined as > 150 min/wk of moderate to vigorous PA) was 81% when using the IPAQ compared 

with 54% based on Actigraph data.  Overestimations of PA were more frequent in men (72%) 

than in women (43%).  This is the only study using an objective physical activity measure; 

therefore prevalence estimates are likely more accurate than estimates based on self-report.  

Unfortunately, the sample size was small and subjects from the parent study were not randomly 

chosen for participation.  Larger, randomized studies are needed to verify their results.  A cross-

sectional study by the same authors found that HIV-infected participants reported participation in 

1.5 hours/day of physical activity with 59% meeting the minimum PA recommendations of 30 

minutes daily; however over reporting in this study was possible due to inconsistencies with 

reported amounts of hours spent watching television (up to 5.9 hours/day) as well as reports of 

minimal daily exertion (based on the Leisure Activity Inventory)182.   

 Smit et al reported lower levels of vigorous PA in HIV-infected participants using 

HAART compared with HIV-uninfected participants and HIV-infected participants not using 

HAART suggesting a possible lower intensity PA tolerance among HAART users; however no 

significant differences in overall PA levels were found (p=0.26)180. Due to the cross-sectional 

design of the study, temporal inferences regarding HAART use and activity levels cannot be 

made.  In addition, a greater proportion of HAART users had clinical AIDS (21.64% non 

HAART versus 15.19% HAART) and were less likely to be employed (25.32% non HAART 

versus 18.94% HAART) therefore it is possible that HAART users were more limited in PA due 

to illness.  Muhammed et al also found that HIV-infected participants reported higher levels of 

PA than HIV-uninfected counterparts, however these results were not representative of the 
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general population as all participants had Nonalcoholic Fatty Liver Disease178.  In addition, 

sample sizes were very small and HIV-infected participants were generally healthier with lower 

proportions of DM, hypertension and cardiovascular disease, which may partially explain the 

higher PA levels.  Clingerman found that, while the majority of her Canadian HIV-infected 

population participated in some form of PA, only 28% met the Healthy People 2010 

recommendations for moderate activity (at least 30 min 5 or more days per week) and even less 

(19.2%) met the vigorous activity recommendations (at least 20 min 3 or more days per week)176.  

39.7% did not meet any of the recommendations.  This study also had a small sample size and 

did not have an HIV-uninfected control group making interpretation of results limited.   

 Florindo et al reported that 65% of HIV-infected men and women participated in 

“adequate” locomotion physical activity while 47.3% participated in leisure physical activity.  

Unfortunately, the authors do not define “adequate” so estimates may not be comparable to other 

studies183.  Using the Minnesota Leisure Time Physical Activity Questionnaire, Domingo et al 

reported a physical activity prevalence of approximately 30% in HIV-infected participants living 

in Barcelona, Spain184.  Again, small sample sizes and a lack of an HIV-uninfected group limit 

interpretation of results.   

  Finally, the Howard studies108, 109 also found much lower prevalence estimates (> 70% 

classified as inactive) as did Danoff et al120 and Mustafa et al172; however it is important to note 

that the definitions of physical activity were limited to exercise and may not capture other forms 

of activity done throughout the day such as walking at an occupation or for transportation.  Their 

estimates likely underestimate the true PA prevalence based on this definition.  

 In general, the studies indicate that a significant number of HIV-infected persons do 

participate in some form of regular physical activity, although larger population studies are 
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needed to get more accurate prevalence estimates.  The cultural diversity of the studies indicates 

that participation is occurring on a somewhat global scale, although estimates from developing 

nations are not available.  The current studies have limitations such as small sample sizes, 

selection bias, reporting bias, mostly male participants, and lack of an HIV control group which 

make comparisons with the general HIV-infected population difficult.  Given the clinic-based 

populations used in the aforementioned studies, it is possible that the HIV-infected participants 

in these studies represent a healthier and thus more active subset compared with the general 

HIV-infected population.   In addition, all but one of the studies used self-reported PA measures 

possibly resulting in a reporting bias and a potential overestimation of PA prevalence.  Studies 

using objective PA measures such as an Actigraph accelerometer are necessary to better 

understand the PA prevalence among HIV-infected individuals.   
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Table 1. Physical activity prevalence studies in HIV-infected populations 

Author, year Study design Study population PA Measurement Results 
Arendt 
(2008) 

Cross-sectional 65 HIV-infected men 
from the University 
Health Network, 
Toronto, Canada with 
at least one feature of 
metabolic syndrome 
(mean age 47) 

7 day PA log 84.5% met Canada’s PA 
Guide (60 min of mild or 
30-60 min of moderate 
activity per day) 
 
41.4% sedentary using the 
classification of the Institute 
of Medicine 
 
More active than general 
Canadian Population 
(44.1% physically inactive) 

Fillipas 
(2008) 

Cross-sectional 191 HIV-infected 
patients and 70 HIV-
uninfected patients 
(with non HIV 
infectious disease) 
from Infectious 
Disease Clinic of The 
Alfred hospital, 
Melbourne Australia, 
age range 18-81 years 

International 
Physical Activity 
Questionnaire 
(IPAQ) 

73.8% of HIV infected and 
65.8% of HIV-uninfected 
participants met Centers for 
Disease Control and 
American College of Sports 
Medicine Guidelines 

Ramirez-
Marrero 
(2008) 

Descriptive/ 
correlational 

58 HIV-infected 
Hispanic adults from 
the AIDS Clinical 
Trials Unit in Puerto 
Rico; (mean age 46.5) 

IPAQ; Actigraph 
accelerometer; 
pedometer 

IPAQ

(> 150 min/wk of moderate 
to vigorous PA) 

: 81% classified as 
physically active  

Actigraph

(> 150 min/wk of moderate 
to vigorous PA) 

: 54% classified as 
physically active  

Pedometer

(> 10,000 steps/day) 

: 17% classified 
as physically active  

Mohammed 
(2007) 

Cross-sectional 26 HIV-infected (age 
46.2) and 25 HIV-
uninfected men (age 
43.1) with 
Nonalcoholic Fatty 
Liver Disease from 
University Health 
Network clinics 

7 day PA log Physical activity was 
significantly higher in the 
HIV-infected group (8 units 
per day) compared with the 
HIV-uninfected group 
(4 units per day) (p=0.029)  

Florindo 
(2007) 

Cross-sectional 220 HIV-infected men 
and women from the 
AIDS Clinic of the 
Infectious and 
Parasitic Diseases 
Division, 
San Paolo, Brazil 
(Ages 18-59) 

Baecke 
questionnaire 

65% of participants reported 
adequate locomotion 
physical activity (70.6% 
women and 63.3% men) 
47.3% participate in leisure 
physical exercise 
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Table 1. (continued) 

Author, year Study design Study population PA Measurement Results 
Smit  
(2006) 

Cross-sectional 324 subjects (213 
HIV- infected with 
mean age 42 and 99 
HIV-uninfected with 
mean age 46) from the 
AIDS Linked to 
Intravenous 
Experiences (ALIVE) 
cohort (mostly African 
American cohort of 
inner city intravenous 
drug users) 

Modified 
Paffenbarger 
questionnaire 

Vigorous activity 
expenditure was lower 
among participants on 
HAART (267 kcal/day) than 
both HIV-uninfected (438 
kcal/day) and HIV-infected 
participants not on treatment 
(623 kcal/day) however 
total energy expenditure did 
not significantly differ 
between groups (p=0.26) 

Howard 
(2006) 

Cross-sectional 279 HIV-uninfected 
men and 364 HIV-
infected men (mean 
ages 54) (N=643) 
Inner city U.S  

(Bronx, NY) 

Self-reported 
physical activity 
defined as 
moderate or 
strenuous for > 20 
minutes on > 1day 
per week 

29% of HIV-uninfected men 
were classified as physically 
active while 30% of HIV-
infected men were 
physically active (difference 
not significant) 

Howard 
(2005) 

Cross-sectional 288 HIV-uninfected 
women (mean age 45) 
and 332 HIV-infected 
women (mean age 44) 
(N=620) 
Inner city U.S (Bronx, 
NY) 

Self-reported 
physical activity 
defined as 
moderate or 
strenuous for > 20 
minutes on > 1day 
per week 

23% of HIV-uninfected 
women were classified as 
physically active while 20% 
of HIV-infected women 
were physically active 
(difference not significant) 

Danoff 
(2005) 

Cross-sectional 258 women: 
88 HIV-uninfected 
(mean age 37.6), 74 
HIV-infected not on 
HAART (mean age 
37.6), 
96 HIV-infected on 
HAART (mean age 
37.6), Women’s 
Interagency HIV 
Study  
 
Urban U.S.  

Self-reported 
physical activity 
defined as > or < 6 
hours per week 
 

54% of HIV-uninfected 
women participated in > 6 
hours compared with 56.2% 
of HIV-infected women not 
on HAART and 46.3% on 
HAART. 
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Table 1. (continued) 

Author, year Study design Study population PA Measurement Results 
Ramirez-
Marrero 
(2004) 

Cross-sectional 68 HIV-infected men 
(n=43) and women 
(n=25) recruited from 
the AIDS Clinical 
Trial Unit (mean age 
40.4) 
 
Puerto Rico 

Seven-Day 
Physical Activity 
Recall 

41% of HIV-infected adults 
did not meet the minimal 
PA recommendation 
 
Time spent in daily physical 
activity was an average of 
1.2 hours per day with most 
of the reported activities 
occupational 
 
32% reported participating 
in leisure PA (walking, 
jogging, etc) 

Clingerman 
(2003) 

Cross-sectional 78 HIV-infected men 
(n=70) and women 
(n=8) ages 23-70 years 
who received primary 
care at an infectious 
disease clinic or 
community support at 
a local agency 
(Northern Great Lakes 
Region of U.S.) 

Physical Activity 
Questionnaire 
(PAQ) 

73.08% of participants 
engaged in moderate PA 
while 19.2% engaged in 
vigorous PA 
 
51.7% participated in PA 
for recommended weekly 
frequency. 
 
28.2% met Healthy People 
2010 recommendations for 
moderate PA and 7.7% met 
recommendations for 
vigorous PA 
 
39.7% did not meet any of 
Healthy People 2010 
recommendations 

Domingo 
(2003) 
 

Cross-sectional 120 HIV-infected men 
and women (mean age 
39) recruited from 
participants in a cross-
sectional study of 
metabolic disturbances 
Barcelona, Spain 

Minnesota Leisure 
Time Physical 
Activity 
Questionnaire 

28.0% of participants 
physically active ( >143 
kcal/day) using stavudine 
and 25.3% physically active 
using zidovudine 

Mustafa 
(1999) 

Prospective 
cohort 

156 HIV-infected 
(mean age 35) and 259 
HIV-uninfected (mean 
age 37) men 
participating in The 
Longitudinal AIDS 
Impact Project (New 
York City) 
  

Self-report 
“How many times 
a week do you 
engage in physical 
exercise?”  

29% of HIV-infected and 
28% of HIV-uninfected men 
were non-exercisers 
35% of HIV-infected and 
31% of HIV-uninfected men 
exercised daily 
36% of HIV-infected and 
41% of HIV-uninfected men 
exercised 3-4 times/wk 
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1.2.6.2 Prevention of diabetes in HIV-infected populations 

Because PA and exercise are cost-effective health promotion interventions that could decrease 

the need for health care resources, slow HIV disease progression, and prevent or delay the onset 

of chronic conditions, the role of physical inactivity as risk factor for DM in HIV-infected 

persons deserves attention given the prevalence of HIV-infected populations already 

participating in regular physical activity32, 100, 129, 133, 134, 147, 175-177, 180. Unfortunately, the majority 

of the studies assessing risk factors for DM in HIV-infected populations did not account for 

levels of physical activity, an important risk factor for DM in HIV-uninfected populations11-14, 

107. Therefore, the results of previous studies that observed an association between HAART use 

as well as other non-traditional risk factors and DM/IR might have been confounded by PA 

levels.  Brar et al clearly state in their manuscript introduction that studies aimed at 

understanding the risk factors associated with DM in HIV-infected populations discount 

traditional “classic risk factors” yet in their study assessing risk factors for DM among ART 

naïve participants, they do not account for physical activity levels (although the authors do 

recognize this limitation)107.  Similarly, Hughes et al and Palacios et al emphasize the importance 

of traditional risk factors in the development of DM in HIV-infected populations, yet did not 

assess physical activity12, 110.  Further, the newly released European AIDS Clinical Society 

guidelines on the prevention and management of metabolic diseases in HIV acknowledged the 

limited amount of available literature with respect to PA and DM and base their physical activity 

recommendations for the prevention of DM on “extrapolations from general medical 

guidelines185.”  

Only 4 studies have addressed associations between physical activity with DM and IR in 

HIV-infected populations (Table 2).  Howard et al define “physical activity” as moderate or 
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strenuous exercise for > 20 min on > 1 day/week108, 109.    Among their participants, 70% of both 

HIV- uninfected and HIV-infected men were inactive while 79% of women were inactive.  They 

found that physical inactivity was associated with previously diagnosed diabetes in HIV-

uninfected and HIV-infected women (OR 0.4, 95% CI 0.2-0.96); however this result was not 

replicated in their study of HIV-infected men (OR 0.6, 95% CI (0.3-1.4).  The discrepancy in 

findings may be attributed to the demographic differences between the two cohorts given the 

comparable study designs and sample sizes.  Risk factors such as black or Hispanic 

race/ethnicity and older age could potentially have overridden any PA effect among the male 

cohort.  In comparison, the female cohort had younger mean age (by 10 years) as well as a lower 

percentage of individuals of black or Hispanic race/ethnicity potentially allowing for an 

increased PA effect.  Conversely, Danoff et al did not find an association between PA and DM in 

their cross-sectional study of 258 HIV-infected and HIV-uninfected women120.  However, the 

sample size was small and power may have been limited.  Further, PA was defined differently  

(< or > 6 hours of exercise per week) than in the Howard study, making comparisons difficult.  

The smallest of the 4 cross-sectional studies evaluated the association between IR and habitual 

exercise in a cohort of 120 HIV-infected individuals186. The authors report a significant 

independent and inverse relationship between total exercise (defined as number of sessions per 

week x duration per session x intensity) and IR (std β = -.20, P=0.03).  In contrast to the 3 other 

studies, their cohort consisted of mostly white individuals with a lower than average BMI, a 

large proportion of whom participated in some form of exercise.  Therefore, participants may 

have started with a lower background DM risk profile.  Despite a paucity of literature, regular 

PA is recommended for HIV-infected individuals with IR and DM; therefore it is possible that 

individuals with IR in that study were encouraged to exercise potentially leading to their 
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observed results187.  Finally, they lacked an HIV-uninfected control group and were thus unable 

to control for HIV status in their multivariate analysis. 

Limitations do exist in the current literature.  All 4 of the studies were cross-sectional and 

therefore were unable to assess any causal relationship between physical activity and the 

development of DM and IR.  It is possible that low physical activity is a result of the diabetes, 

rather than a precursor to its onset or that that PA activity was started based on doctor 

recommendations to manage IR and DM187. Recent literature implies that the presence of 

diabetes may independently contribute to impaired exercise capacity188. Left ventricular 

dysfunction 188, aging, female sex, poor diabetes control, reduced heart rate recovery, obesity189, 

190, race190, impaired femoral arterial blood flow191, and impaired exercise stroke volumes192, as 

well as microvascular diabetic complications including neuropathy and retinopathy193 may be 

associated with impaired exercise capacity in individuals with type 2 diabetes.  Regensteiner et 

al, also observed a reduced rate of oxygen consumption increases during treadmill testing of 

healthy patients with non-insulin dependent diabetes, indicating that oxygen delivery limitations 

may lead to impaired exercise performance194.  

Secondly, three of the studies used cohorts that included a majority of individuals at very 

high risk for DM due to older age, higher BMI, black/Hispanic ethnicity, and lower levels of 

PA108, 109, 120.  In addition, all 4 studies were conducted in urban or inner city sites in the United 

States.  Thus results may not generalize to HIV-infected populations at lower risk for DM.  Two 

of the studies used self-reported DM as their outcome rather than measuring glucose levels for 

all participants while the other studies did not confirm glucose levels on a subsequent visit108, 109.   

Finally, it is important to note that none of the 4 studies measured physical activity in its entirety 

but rather focused exclusively on exercise, a subset of PA.  This is important because it is 
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possible that an individual was physically active throughout the day (i.e. at an occupation, 

completing housework, walking for transportation, etc) without actually participating in 

structured exercise16. Therefore, results may actually underestimate a true PA effect.  

Conversely, a reporting bias due to the use of self-report exercise may have lead to an 

overestimation, especially in the Gavrila study, which had a large proportion of individuals who 

reported exercise participation186.   

Due to the paucity of literature as well as limitations in the current literature, large 

prospective cohort studies or randomized trials, similar to those completed in HIV-uninfected 

populations are necessary to assess the role of PA in the prevention of DM and IR in HIV-

infected populations.  Further, these studies must use validated physical activity questionnaires 

or objective PA measures to accurately assess the PA levels (including exercise) of the study 

populations.   
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Table 2. Studies assessing physical activity as a risk factor for diabetes and insulin 

resistance in HIV-infected populations 

Author 
(year) 

Study 
design 

Sample Measurement 
of IR/DM 

Physical 
activity 
assessment 

Results  

Howard 
(2006) 

Cross-
sectional 

279 HIV-
uninfected men 
and 364 HIV-
infected men 
(mean ages 54) 
(N=643) 
54 HIV-uninfected 
men and 126 HIV-
infected men for 
metabolic 
substudy (mean 
ages 54) (N=216) 
Inner city U.S 
(Bronx, NY)) 

Self-report 
 
 
Fasting 
glucose and 
OGTT for 
metabolic 
substudy 

Defined as 
moderate or 
strenuous for 
> 20 minutes 
on > 1day per 
week 

DM risk factors: use of non-PI HAART 
(OR 1.8, 95% CI 1.03-3.0), current 
methadone treatment (OR 6.7, 95% CI 
3.8-11.9), alcoholism (OR 1.7 95% CI 
1.1-2.7), high BMI (OR 1.4, 95% CI 
1.8-6.2), and family history of DM (OR 
3.5, 95% CI 2.2-5.6) 
Metabolic substudy IR risk factors: 
waist circumference (p<0.0001) and 
history of heroin use (p=0.005) 
Abnormal OGTT risk factors

*Physical activity not associated with 
DM or IR 

: age > 55 
(OR 2.0 95% CI 1.03-3.9), Hispanic 
ethnicity (OR 3.8, 95% CI 1.05-14.0) 

Danoff, 
(2005) 

Cross-
sectional 

258 women:  
88 HIV-uninfected 
(mean age 37.6), 
74 HIV-infected 
not on HAART 
(mean age 37.6), 
96 HIV-infected 
on HAART (mean 
age 37.6), 
participating in 
Women’s 
Interagency HIV 
Study  
Urban U.S. 
(Bronx/Manhattan, 
NY and San 
Francisco, CA) 

DM: Fasting 
glucose, self-
report, use of 
hypoglycemic 
medications, 
OGTT 
 
IR: HOMA 

> or < 6 hours 
per week of 
exercise 

DM risk factors
 (OR 1.104, p < 0.0002) 

: BMI (per kg/m2) 

 
*Exercise not associated with DM or 
IR 
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Table 2. (continued) 

Author 
(year) 

Study 
design 

Sample Measurement 
of IR/DM 

Physical 
activity 
assessment 

Results  

Howard 
(2005) 

Cross-
sectional 

288 HIV-
uninfected women 
(mean age 45) and 
332 HIV-infected 
women (mean age 
44) (N=620) 
88 HIV-
uninfected women 
and 133 HIV-
infected women 
for metabolic 
substudy (mean 
ages 44 and 45 
respectively) 
(N=216) 
Inner city U.S. 
(Bronx, NY) 

Self-report 
 
 
 
Fasting 
glucose and 
OGTT for 
metabolic 
substudy 

Defined as 
moderate or 
strenuous for > 
20 min on > 
1day per week 

DM risk factors: current methadone 
treatment (OR 1.8, 95% CI 1.01-3.3), 
high BMI (OR 2.6, 95% CI 1.04-6.7), 
family history of DM (OR 2.7, 95% CI 
1.6-4.7), and physical activity (OR 0.4, 
95% CI 0.2-0.96) 
Metabolic substudy IR risk factors: 
waist circumference (p<0.0001), 
Hispanic ethnicity (p=0.01), and PA 
(p=0.03) 
Abnormal OGTT risk factors

Gavrila 
(2003) 

: age > 50 
(OR 3.8 95% CI 1.3-11.2), family 
history of DM (OR 2.7, 95% CI 0.1-
0.6), PA (OR 0.2, 95% CI 0.1-0.6), and 
smoking (OR 1.5 per 10 pack-years, 
95% CI 1.3-1.8) 

Cross-
sectional 

120 HIV-infected 
men and women 
 
Urban U.S. 
(Boston) 

DM: Fasting 
glucose 
 
IR: HOMA 

Self-report 
Cumulative 
index= number 
of sessions per 
week x 
duration per 
session x 
exercise 
intensity 

*significant inverse association 
between total exercise and IR 
 ( std β= -.20, P=0.03) 
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1.2.6.3 Management of glucose disorders 

A few small prospective studies and clinical trials have investigated the role of exercise on 

glucose and insulin reduction in HIV-infected populations with varying results111, 195, 196.  

Driscoll et al randomized 42 HIV-infected participants to one of two treatment groups 

(metformin alone and metformin + exercise).  Participants in the exercise arm completed 3 

months of an aerobic and resistance training program.  Significant differences for fasting insulin 

(p=0.03) were reported between the two treatment groups196. The metformin + exercise group 

had a greater decrease in insulin levels from baseline compared with the metformin alone group.  

Conversely, in their randomized trials of 40 HIV-infected women and 42 HIV-infected men and 

women, Dolan et al and Terry el al did not find significant reductions in fasting glucose levels 

between an exercise group and the control group169, 197, 198.  Similarly, Thoni et al did not find 

significant differences from baseline in fasting insulin, fasting glucose, or insulin resistance 

levels after completion of a 16 week aerobic training program in 19 HIV-infected adults (p-

values not reported)199.  In a prospective study of 18 men with HIV-infection no significant 

reductions in insulin were noted after completion of a 16 week resistance training program200. 

Finally, Fitch et al randomized 34 men and women with HIV-infection and metabolic syndrome 

to a lifestyle intervention, modeled after the Diabetes Prevention Project intervention, and to a 

control group111.  Fasting glucose levels and hemoglobin A1C percentage did not significantly 

change in the lifestyle group when compared with the control group.  Insulin levels and IR 

(HOMA) improved in the subjects in the intervention group compared to the control group; 

however the results were not significant due to small sample sizes.   

Significant limitations in this literature restrict the interpretation of results.  None of the 

studies utilized an HIV-uninfected control group; therefore the effect of HIV cannot be 
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examined.  Sample sizes were very small in all studies and power to detect differences was 

limited.  All of the studies recruited participants from clinics so results cannot be generalized to 

the general HIV-infected population.  Measures such as HbA1c were not assessed in 3 of the 

studies therefore the effect of the activity on direct glycemic control is not fully known.  None of 

the studies used participants with diagnosed type 2 DM, so the effect of exercise on potentially 

higher baseline fasting glucose and insulin levels in HIV-infected populations is also unknown.  

In addition, the studies were all very short (6 months or less) compared to those completed in the 

general population.  Larger and longer population based intervention trials are necessary to fully 

understand the effect of exercise and physical activity on the management of DM and IR in HIV-

infected populations. 

1.2.7 Physical activity and physical function correlation 

1.2.7.1 HIV-uninfected populations 

Although related, physical activity and physical function have differences.  Physical activity is 

defined as any voluntary movement produced by the skeletal muscles that results in increased 

energy expenditure201, whereas physical function is defined as one’s ability to carry out various 

activities that require physical capability, ranging from self-care (activities of daily living) to 

more vigorous activities that require increasing degrees of mobility, strength, or endurance202. 

Physical activity is associated with reduced risk of mortality, onset of diseases, and incident 

disability while maintaining physical function is of great importance to successful aging18, 203, 204. 

Despite these differences, numerous cross-sectional and prospective studies in HIV-uninfected 

populations established that physical activity levels are correlated with physical function 
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performance and that low physical activity is a risk factor for declines in physical function15-18, 

201, 203-210. 

While prior studies in aging populations utilized self-report measures only206-211, Brach et 

al observed a correlation between objective physical activity measures (pedometer) with the 

Functional Status Questionnaire (FSQ) (a self-report measure of physical function) (r=0.34, 

p<0.01) and the Physical Performance Test (PPT) (a comprehensive performance-based measure 

of function) (r=0.41, p< 0.01) in a cohort of 290 community dwelling older women15. 

Correlations for the aforementioned physical function measures with a self-report physical 

activity questionnaire (Modified Paffenbarger) were also reported (r=0.34, p < 0.01 for the FSQ; 

r=0.16, p <0.05 for the PPT; r=0.24).    It is important to note that this study excluded women 

with physical limitations that might have prevented walking and thus the women participating in 

this study were functioning better than 90% of the community-dwelling older adults.  In addition, 

the majority of women was of upper social and economic class and was Caucasian. Therefore, 

results may not generalize to more disadvantaged populations.   

Studies are not limited to geriatric populations.  A recent study of 8,702 U.S. and 1,507 

British middle-aged adults (aged 50 to 69), found that physical activity was protective against 

impaired physical function (self-report and measured) independent of BMI205. Participants who 

reported > 3 days of activity per week had a lower incidence of physical impairment than 

individuals who reported less activity in each BMI category (recommended weight, overweight, 

obese). Hillsdon et al also showed that regular physical activity (defined as 2.5 hours per week of 

moderate PA or > 1 hour of vigorous activity per week) was associated with higher self-reported 

physical function (OR 1.6, 95% CI 1.3-1.98 adjusted for age, gender, chronic illness, baseline 

PF, BMI, smoking, and SES) in a cohort of 6,398 middle aged men and women (aged 39 to 63 
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years) 18.  Despite the lack of objectively measured physical activity, these studies are important 

because they extend the protective effect of physical activity on physical function to slightly 

younger populations. 

 Although less common, studies have also shown that individuals with impaired physical 

function and lower perceived physical function are less likely to participate in regular physical 

activity.  According to the U.S. Department of Health and Human Services national survey data, 

people with physical disabilities and chronic illness were less likely to report participation in 

moderate physical activity than their healthy counterparts (27.2% versus 34.4% participation) as 

well as vigorous physical activity (9.6% versus 14.2% participation)39.  Similarly, according to 

Healthy People 2010212, 56% of individuals with disabilities reported no leisure-time PA 

compared to 36% without disabilities.  Only 12% of persons with disabilities reported 30 min of 

moderate PA 5 or more days per week212. 

 In a study of 2311 men and women with diabetes, Plotnikoff et al found that higher levels 

of physical activity were independently associated with lower levels of perceived disability 

among individuals with type 1 (β = -0.22, P<0.001) and type 2 diabetes (β = -0.18, P<0.001) 213.  

Due to the cross-sectional study design, causal inferences between impaired physical function 

and physical activity could not be addressed.  In addition, the study did not use an objective 

measure for physical function or physical activity, instead relying on self-report.  The potential 

for reporting bias exists.  A stronger, longitudinal study by the same authors produced similar 

results214.  Participants with diabetes who reported less difficulty in completing tasks of daily 

living were more likely to participate in higher levels of physical activity (β = -0.08, P<0.001 in 

type 2 diabetes and β = -0.12, P<0.001 in type 1 diabetes).   
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 These findings demonstrate that, although different, physical function and physical 

activity are associated with one another.  The data suggest that physical activity participation not 

only predicts physical function but is also lower among individual with functional limitations 

and disability. 

1.2.7.2 HIV-infected populations 

Similar studies have not yet been completed in HIV-infected cohorts in the post-HAART era; 

therefore the relationship between physical activity and physical function in this population is 

unknown. A pre-HAART randomized trial assessed the effectiveness of a 15-week home based 

aerobic exercise program on health related quality of life measures, including physical 

function160. One hundred twenty three HIV-infected subjects were randomized to a control group 

or an exercise group.  Physical function was measured using the Medical Outcomes Study HIV 

Health Survey.  Following the 15-week exercise program, no significant difference in physical 

function was reported between the control group and the exercise group (p=0.47).  Of note, non-

exercisers tended to report lower physical functioning (89.6% versus 86.5% in the exercise and 

control group respectively).  These results, however, are limited to aerobic exercise only and do 

not encapsulate physical activity as a whole.  Results must be interpreted with caution because 

occupational physical activity levels were not assessed and may have confounded results if 

differences between groups existed.   

In a small prospective study of 6 men with AIDS wasting and 19 men and women with 

HIV infection but without wasting, Roubenoff and Wilson, reported an increase in physical 

function status in patients with HIV wasting who completed a resistance training program21.  Of 

note, this study did not assess overall physical activity, but rather a progressive resistive training 

program.  Further, an HIV-uninfected control group was not included and sample size was small.  
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Clinical predictors for current levels of function and declines in physical functioning among 

individuals with AIDS were evaluated in studies by Wilson et al; however physical activity was 

not one of the variables that was assessed215, 216.  In addition, these studies were completed prior 

to HAART introduction.  In light of the longer life expectancy and decreased morbidity due to 

HAART use99, factors need to be re-examined.   

Despite the lack of literature in HIV-infected populations, studies of the relationship 

between PA and physical functioning in cohorts with other chronic conditions have been 

completed.  Seeman et al reported that regular physical activity protected against declines in 

physical function in older adults (ages 70-79 years) with histories of hypertension, cancer, and 

cardiovascular disease217.  Similarly, Stewart et al reported that higher baseline levels of exercise 

were associated with better physical function both at baseline and after 2 years for individuals 

with chronic diseases218.  These findings underscore the importance of using PA to promote 

higher levels of physical functioning, even among those with chronic conditions217, 218. In light of 

these promising results, studies in individuals with chronic HIV-infection are warranted and 

similar effects should be possible.   

Older adults now comprise a greater proportion of HIV-infected individuals due to the 

success of highly active antiretroviral therapy as well as an increase in new infections among 

adults older than age 5099, 219.  It has become necessary to address not only HIV infection but 

also co- morbidities associated with the normal aging process.  In fact, Oursler et al 

demonstrated that co- morbid conditions were associated with impaired physical function 

independent of HIV status220.  Although the impact of HIV infection and aging on physical 

function is documented, the association of physical function with physical activity levels has not 

been assessed220. Maintaining physical function has been shown to be a key aspect of healthy 
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aging in the general population221 and will likely become more of a focus in HIV-infected 

individuals as HAART use continues to slow disease progression220.  Therefore, it is imperative 

to identify factors, such as physical activity, that promote independent and disability free 

functioning in persons aging with HIV.  

1.2.8 Relationship between self-report and performance-based measures of physical 

function 

1.2.8.1 HIV-uninfected populations 

Physical function can be measured using either self-report or performance-based measures.  Self-

report questionnaires are often used due to their low cost and ease of administration222.  

However, discrepancies between an individual’s perception of ability and actual ability do exist 

and self-report measures may be influenced by psychosocial factors including mood, 

expectations, attitudes, and psychological distress222, 223.  Performance-based measures have face 

validity and are sensitive to change over time yet likely depend on a participant’s motivation to 

perform the task and may not accurately reflect performance in daily life222.   

A number of studies have assessed the association between these two types of 

measurements among differing populations.  In general, the results across studies are comparable 

and suggest that, at most, performance-based measures are only moderately correlated with 

measures of self-report222, 224-227.  Correlation coefficients in studies among older adults, patients 

with low back pain, and patients with fibromyalgia were similar and generally ranged from 0.1 to 

0.6 depending on task and self-report survey used222, 223, 226, 228, 229. The lack of a stronger 

correlation is likely due to the fact that performance-based and self-report measures assess 

different aspects of the physical function construct226.  While performance-based measures 
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examine an individual’s actual ability to complete a task through performance observation, 

measures of self-report rely on an individual’s perception of his or her ability to complete the 

task226.  Given these results, it is reasonable to suggest that the most accurate measure of physical 

function may be a complementary approach using both self-report and performance-based 

measures as subjective measures may provide useful information beyond that obtained solely on 

observation226. 

1.2.8.2 HIV-infected populations 

To date, similar studies have not yet been conducted in HIV-infected cohorts, therefore the 

relationship between performance-based and self-report measures in this population is not 

known.  Clarifying this relationship may help to provide insight into the possible overlap 

between differing measures of physical function.  This is important to gain a comprehensive 

understanding of physical function among individuals with HIV infection and to establish 

whether both types of measurements are beneficial to fully explain an individual’s functional 

capacity. 

Studies have been conducted which characterize levels of physical function among HIV-

infected populations.  Simmonds et al utilize both performance-based and self-report measures in 

their study of 100 HIV-infected men and women on the differential influence of pain and fatigue 

on physical performance.   Yet, they do not assess associations between the two types of physical 

function measurements230. Their study suggests that, as a group, physical performance among 

HIV-infected individuals was much lower than “age-equivalent healthy patients.”  They report 

that their population took up to 4 times as long to complete a sit-to-stand task and walked 180 

meters slower than healthy individuals.  However, these results should be interpreted with 

caution as their study did not have an HIV-uninfected group and the authors do not describe 



48 

where they obtained the data from the “healthy patients” used in the aforementioned 

comparisons.  In addition, a large percentage of their population (48%) were classified as having 

AIDS and may represent a sicker and thus more functionally impaired cohort of HIV-infected 

individuals.   O’dell et al, in their cross-sectional analysis of 546 HIV-infected men with AIDS, 

found that 10% to 50% of men reported some degree of physical disability (based on self-report 

physical function using the HIV Health Assessment Questionnaire)231.  The disability scores 

were more severe with the completion of higher level instrumental activities of daily living.  It is 

important to note that this study was conducted in the pre-HAART era therefore these estimates 

may no longer be applicable.  In addition, because all participants had AIDS, results may not 

generalize to more healthy HIV-infected populations.  Finally, an HIV-uninfected group was not 

utilized so it is not known how these results compare to the general population.  Population 

based studies have also been conducted.  Crystal et al assessed self-reported physical functioning 

in 2836 participants in the HIV Cost and Services Utilization Survey (United States) using a 9-

item scale232.  They found that physical limitations were more prevalent in tasks which required 

higher levels of energy expenditure such as stair climbing (43% limitation) and walking greater 

than 1 block (26% limitation) compared with self care tasks such as bathing or dressing (14% 

limitation).  Protease inhibitor use was found to be associated with significantly less physical 

limitation (p< 0.05).  A similar study was conducted by Rusch et al among 762 HIV-infected 

members of the British Columbia Persons with AIDS Society233.  A fifteen-item questionnaire 

was used to assess how well individuals were able to manage typical daily tasks such as eating 

and walking one block.  Activity limitations were reported in the majority of respondents 

(80.6%).  A median of 3 limitations was reported.  A significant difference in the percentage of 

activity limitations was observed after stratification by CD4 count (p=0.041).   Limitations in 
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these studies do exist.  Both studies utilized measures of self-report physical function which may 

not accurately reflect an individual’s actual functional ability.  Self-reported measures are often 

influenced by psychosocial factors such as mood, cognition, expectations, reporting bias, 

attitudes, and emotional distress223, 230.  In addition, HIV-uninfected comparison groups were not 

used and a potential for selection bias existed, especially in the Rusch study which mailed 

questionnaires to potential participants. 

Two recent studies by Oursler et al found similar levels of physical functioning among 

HIV-infected and HIV-uninfected participants.  Their study of 889 HIV-infected and 647 HIV-

uninfected participants in the Veterans Aging Cohort 5-Site Study found no significant 

difference in the unadjusted mean physical disability score when stratified by HIV serostatus 

(p=0.4)220.  In addition, the proportion of participants who reported difficulties with basic ADLs, 

mobility, and vigorous activities was similar in HIV-infected and HIV-uninfected participants 

(p>0.05 for all activities).  Regardless of HIV status, a higher percentage of individuals reported 

difficulty in more physically demanding tasks such as heavy work or active sports (>50%) 

compared with basic ADLs such as dressing (<9%).  It is important to note that these results 

were unadjusted and that the HIV-infected population in this study was younger than the HIV-

uninfected population.  In addition, the physical function measure was based on self-report and 

thus may not reflect actual abilities.  However, a second study by Oursler utilized functional 

performance testing234.  A total of 32 HIV-infected and 47 HIV-uninfected men from the 

Baltimore VA participated.  Functional performance measures included grip strength, the 6-min 

walk test, and graded exercise testing on a treadmill.  HIV-infected men aged 40 years and older 

were found to have a 41% reduced VO2 peak compared to age and gender-matched controls; 

however the mean 6-min walk distance was reduced only 8% compared to expected values for 
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healthy adults (adjusted for age, gender, and BMI).  After stratification by age, only the middle-

aged HIV-infected subjects (50-59 years) had significantly reduced grip strength as compared to 

published values for healthy men of similar age (p=0.02).  No significant differences were 

observed in the younger (40-49 years) or older men (60-69 years) when compared with healthy 

men by age group.  Grip strength was reduced by 10% (41.3 kg vs 46.2 kg) in HIV-infected 

adults using a weighted average.  This study was limited by small sample sizes and a potential 

for selection bias as all participants were volunteers.  Thus, results may not be representative of 

all patients with HIV.  Finally, HIV-uninfected controls were selected to be free of co-morbid 

conditions as compared with the HIV-infected men who were not necessarily excluded based on 

the presence of conditions such as diabetes and coronary artery disease.  Therefore, it is possible 

that any observed differences are not solely due to HIV disease and results should be interpreted 

with caution.   

Finally, a study by Bauer et al compared measures of balance and gait between 78 HIV-

uninfected volunteers to 28 HIV-infected participants receiving no ARV therapy, 25 receiving 

only nucleoside analogue therapy, and 37 participants receiving HAART235.  They found no 

significant differences in measures of proximal strength (360 degree turn, time to complete 5 

chair rises) and gait speed and cadence between any of the groups.  This study differs from the 

Oursler studies in that the majority of participants were female.  A potential selection bias 

towards a healthier HIV-infected subset is possible as participants were chosen on a volunteer 

basis from an outpatient clinic.  Therefore, results may not be representative of the entire HIV-

infected population. 
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1.2.8.3 Physical function and glucose disorders 

Numerous studies suggest that glucose disorders such as diabetes are associated with functional 

impairment236-244.  Yet, few studies have assessed measures of physical function as risk factors 

for glucose disorders despite recent literature showing that the loss of muscle mass and strength 

with age is associated with type 2 DM238, 242.  None of these studies were conducted in HIV-

infected populations.  Lazarus et al examined the cross-sectional and prospective relationships 

between handgrip strength and fasting insulin levels in 655 men from the Normative Aging 

Study cohort245.  Although handgrip strength was not found to be significantly correlated with 

unadjusted fasting insulin levels (r=-0.06), a negative cross-sectional association was observed 

after adjustment for confounders (p=0.013).  Similarly, in their prospective analysis, higher 

baseline handgrip values predicted lower fasting insulin levels after twenty years (p=0.017).  The 

authors suggested that skeletal muscle weakness may serve as a marker for an increased risk of 

hyperinsulinemia and may ultimately predict the development of insulin resistance.  

Generalizability in this study is limited to males and it is important to note that markers of 

insulin resistance (i.e. HOMA or QUICKI) were not assessed. A cross-sectional study by Sayer 

et al assessed the relationship between grip strength and metabolic syndrome in 1684 men and 

women born in Hertfordshire United Kingdom.  The HOMA formula was used a marker of IR 

while DM and IGT were classified using a 2 hour glucose concentration.  They reported a 

significant association between lower handgrip strength and a higher 2 hour glucose (0.07 

standard deviation increase, p=0.001) and with an increased HOMA (0.05 standard deviation 

increase, p=0.008) independent of weight, levels of PA, and age.  Despite these results, it is 

important to note that a temporal relationship could not be established as this study was cross-
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sectional in design.  Larger prospective studies are necessary elucidate the role of physical 

function as a risk factor for IR and DM in both HIV-uninfected and HIV-infected populations.   

 

1.2.9 Summary 

It is well established that metabolic disorders including insulin resistance and diabetes mellitus 

are prevalent in HIV-infected adults.  Although the current dogma implicates HAART use, the 

true cause of these disorders remains unclear.  The effect of physical activity and physical 

function is glaringly absent from the majority of studies that assess risk factors for DM and IR in 

HIV-infected populations despite its known importance in HIV-uninfected populations.  

Therefore, previous studies may have been affected by uncontrolled confounding.   In addition, 

the relationship between self-report and performance-based measures of physical function in 

HIV-infected populations has not been defined.  As individuals age with chronic HIV infection, 

it is imperative to identify early predictors of glucose disorders in order to help prevent the 

chronic complications associated with their progression22.  This is especially important for 

individuals with HIV-infection who may already be at risk for physical disability due to HIV 

associated symptoms220. 

The objective of this dissertation is to define the role of measures of physical function, a 

correlate of physical activity, as risk factors for diabetes mellitus and insulin resistance among 

HIV-uninfected and HIV-infected men in the Mutlicenter AIDS Cohort Study and, further, to 

describe the association between self-report and performance-measures of physical function in 

order to gain a comprehensive understanding of physical function among individuals with HIV-

infection.   
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2.1 ABSTRACT 

Aims:  This study investigated the association between self-reported physical function (as a 

surrogate for physical activity) and diabetes mellitus (DM) and insulin resistance (IR) among 

HIV-infected and negative men.   

Patients and Methods: 384 HIV-negative and 274 HIV-infected men from the Pitt Men’s Study 

contributed data.  DM was defined by fasting serum glucose levels.  IR was calculated using the 

homeostasis model assessment.  The Physical Functioning Ten Scale from the Short Form-36 

Health Survey measured physical function.  Multivariate logistic regression assessed the 

independent association between physical function and DM and IR. 

Results:  Physical function, older age, and black race were associated with DM in multivariate 

analysis.  Physical function/HIV interaction, older age, higher BMI, HIV infection, and black 

race were associated with IR in multivariate analysis. 

Conclusions:  This study suggests that self-reported low physical function is associated with DM 

and IR in HIV-negative and HIV-infected men.  
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2.2 INTRODUCTION 

The wide spread usage of highly active antiretroviral therapy (HAART) presented unforeseen 

clinical challenges within the dynamic HIV epidemic. As the paradigm of HIV treatment shifted 

from palliative care to chronic disease management, new metabolic complications surfaced 

including insulin resistance (IR) and diabetes mellitus (DM)102, 103.  A full understanding of these 

complications remains elusive, but may involve a combination of antiretroviral therapy and 

duration of HIV infection as well as lifestyle, body mass index (BMI), age, sex, and genetic 

predisposition111, 112.  Prospective studies in HIV negative individuals suggest that participation 

in physical activity plays a significant role in the prevention of type 2 DM and insulin 

resistance71, 246.  However, the role of physical inactivity as a contributing factor to the 

development of DM has been overlooked in most studies of HIV-positive populations.  The few 

studies that have assessed physical inactivity as a risk factor for DM yielded conflicting 

results108, 109.  Physical inactivity was found to be associated with previously diagnosed diabetes 

among HIV-positive women; however despite similar methods and sample sizes, this observation 

was not replicated in HIV-positive men108, 109.  These studies by Howard, et al used a high risk 

cohort of mostly older black and Hispanic individuals without a standardized assessment of 

physical activity.  Therefore results may not generalize to other ethnic populations108, 109.   

Although related, physical activity and physical function have differences.  Physical 

activity is defined as any voluntary movement produced by the skeletal muscles that results in 
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increased energy expenditure201, whereas physical function is defined as one’s ability to carry out 

various activities that require physical capability, ranging from self-care (activities of daily 

living) to more vigorous activities that require increasing degrees of mobility, strength, or 

endurance.  Despite these differences, numerous studies in HIV-negative populations established 

that physical activity levels are correlated with physical function performance.  Both cross-

sectional and prospective studies suggest that low physical activity levels are an independent 

predictor of low physical function15-20.  Among HIV-positive populations, resistance training has 

been shown to improve self-reported physical function in patients with HIV wasting21.  

Therefore, the use of physical function as a surrogate for physical activity is justified. 

Current studies document a substantial prevalence and incidence of DM in HIV-positive 

men.  Data from the Multicenter AIDS Cohort Study (MACS) reported a 14% prevalence of 

diabetes mellitus (DM) among HIV-positive men compared to 5% among HIV-negative men and 

an incidence rate of 4.7 cases per 100 person-years compared with an incidence rate of 1.4 cases 

per 100 person years among HIV negative men106.  There is also a greater reported prevalence of 

insulin resistance in HIV-positive patients with lipodystrophy (35%) compared to matched 

controls without HIV (5%)128.  This trend is also noted in HIV-positive patients without 

lipodystrophy (5.6% IR prevalence) as compared to controls (3.3 IR prevalence)128. 

Given the strong association between low physical activity and DM among HIV negative 

individuals as well as the known risk for DM and IR development in HIV-positive men, the role 

of low physical activity in the HIV-positive population warrants further investigation.  Therefore, 

the objective of this study was to investigate the role of self-reported low physical function as a 

surrogate for low physical activity as a potential contributor to diabetes mellitus and insulin 

resistance among HIV-positive and HIV negative men.   
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2.3 METHODS 

2.3.1 Study participants 

All study participants were from the Pitt Men’s Study in Pittsburgh, PA, one of four clinical 

centers which contribute data to the MACS.  The MACS is an ongoing multicenter prospective 

cohort study of HIV infection in homosexual and bisexual men.  Briefly the MACS follows a 6-

month visit schedule and involves detailed data collection regarding medical history, physical 

examination, and collection of biological specimens. Institutional review boards at each site 

approved the MACS protocol, and each participant provided informed consent.  Further detail 

can be found in Kaslow et al247.  The MACS is currently in the 47th consecutive 6-month follow-

up period of the original cohort.   

The current study includes data taken after implementation of the MACS Metabolic 

Study in April 1999 (Visit 31) at which time fasting serum samples (fasting > 8 hours) were 

added to measure glucose and insulin levels and for use in diagnosing diabetes.  772 men from 

the Pitt Men’s Study were eligible for inclusion in this study.   Of these, 658 (384 HIV negative 

and 274 HIV-positive) participants had a fasting serum sample from which insulin and glucose 

concentrations were obtained. 
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2.3.2 Outcome Ascertainment-Diabetes Mellitus and Insulin Resistance 

For the purpose of this study, a diabetes outcome was defined by fasting serum glucose levels 

drawn at each bi-annual visit from April 1, 1999 through March 31, 2006.  The first visit at 

which a participant underwent a fasting serum determination was defined as the baseline visit. 

Participants with a fasting glucose of less than 100 mg/dl for all visits were classified as 

“normoglycemic”; participants with at least one fasting glucose level between 100 and 126 mg/dl 

were classified as “pre-diabetic”; and participants with at least one fasting glucose level of 126 

mg/dl and above were classified as having “diabetes.”  This diabetes definition was chosen based 

upon a similar definition used by recently published literature in HIV-positive cohorts106, 120.   

Using this definition, 86 men were classified as “diabetic.”  Of these 86, 38 had confirmed 

glucose levels of > 126 mg/dl at their next visit; an additional 8 were placed on diabetes 

medications and 9 had a second non-consecutive visit with a glucose measurement of > 126 

mg/dl.  Participants with glucose levels consistent with diabetes (> 126 mg/dl) at baseline were 

not excluded from analysis (n=10).   

Insulin concentrations were also obtained from the fasting serum samples with normal 

insulin defined as < 15 µU/ml and high insulin defined as >15 µU/ml based on the published 

normal range for the insulin assay used.  Insulin resistance was calculated using the homeostasis 

model assessment (HOMA): [fasting insulin (µU/ml) x fasting glucose (mmol/L)]/22.5248.  

HOMA-IR levels were further classified into a dichotomous variable for use in logistic 

regression based on the median level of 3 µU/ml x mmol/L. Glucose levels were converted to 

mmol/L by dividing mg/dl by 18. 

 



59 

2.3.3 Exposure-Self-Reported Physical Function 

The Physical Functioning Ten (PF 10) Scale from the Medical Outcomes Study (MOS) Short 

Form-36 (SF-36) Health Survey served as a surrogate for a measure of physical activity.    The 

SF-36 is one of the most widely used Health Related Quality of Life Instruments and 

consistently demonstrates high levels of both reliability (>0.70) and validity249. Specifically, for 

the PF 10, Jenkinson et al report a Cronbach’s alpha of 0.93250 while relative validity has been 

reported at 1.00251. 

This study includes data from PF 10 questionnaires administered at each bi-annual visit 

from April 1, 1999 through March 31, 2006 (except visit 43: April 1, 2005 through September 

30, 2005).  During the administration of the PF-10, participants were asked the following 

question regarding physical activities that might be done in a typical day: “Does you health now 

limit you in these activities?  If so, how much?”  Participants chose between “Yes, limited a lot”, 

“Yes, limited a little”, or “No, not limited at all” for vigorous activities (running, lifting heavy 

objects); moderate activities (vacuuming, golf); lifting or carrying groceries; climbing several 

flights of stairs; climbing one flight of stairs; bending, kneeling, or stooping; walking more than 

a mile; walking several blocks; walking one block; bathing or dressing (Table 3).  Each item was 

scored on a 0 to 100 range as follows: 100= not limited at all; 50= limited a little; and 0= limited 

a lot, based on the RAND scoring method.252  A mean of the 10 activities was then calculated to 

determine an overall score for the PF 10 ranging from 0 to 100 with a score of 100 indicating 

that a participant’s health did not limit his ability to complete physical activity.  Thus, a lower 

score indicates lower physical function. The first visit at which a participant has a PF score was 

defined as the baseline visit.  Given the strong correlation between an individual’s baseline 
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physical function score and his overall mean physical function score (r=0.82; p <0.0001), the 

baseline score was used in the analysis.   

 

2.3.4 Covariates 

Covariates of interest included age, race, HIV status, AIDS status, body mass index (BMI), and 

CD4 count and were obtained for all individuals from the baseline visit, defined as the visit at 

which a participant had an initial recording of the covariate during visit 31-visit 44.  These 

covariates were chosen because of their association with physical function and/or diabetes 

development253, 254. 

2.3.5 Statistical Methods 

SAS Version 9.1 was used for all statistical analysis.  The Fisher exact, Wilcoxon, and Kruskal-

Wallis nonparametric tests, as appropriate, were used to test for differences in proportions and 

distributions for both HIV serostatus and diabetes status groups.  Differences in physical function 

scores between glycemic groups (normal, pre-diabetes, and diabetes) were assessed using the 

Kruskal-Wallis Test.  These differences were also tested after stratification by HIV status as well 

as AIDS status.  Chi-square and Wilcoxon Rank Sum tests were used to assess associations 

between physical function scores for insulin levels and HOMA scores stratified by HIV 

serostatus.  Statistical significance was determined using two tailed tests with an alpha of 0.05. 

Univariate logistic regression analysis was performed to assess unadjusted associations between 

predictors and the binary outcome of interest, diabetes status.  We compared individuals with 
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diabetes to those with normoglycemia; individuals with pre-diabetes were excluded from the 

regression analysis thus reducing the sample size to 289 for this analysis only.  Multivariate 

logistic regression using a forward stepwise methodology for the addition of significant variables 

was used to assess the association between DM and baseline physical function score as well as to 

assess the association between IR and baseline physical function using a  p-value cut-off of 

<0.05 for inclusion in the model.  Predictors that were not significant in the multivariate analysis 

were not retained in the model regardless of statistical significance in univariate analysis.  

Regression analysis was also completed separately for HIV-negative and HIV-positive men to 

determine whether or not risk factors for elevated glucose and insulin resistance differed by HIV 

status.   

2.4 RESULTS 

The baseline characteristics of the 658 men stratified by glucose level and HIV serostatus are 

displayed in Table 4.  Seventy five percent of men were white. Overall, HIV negative men were 

older than HIV-positive men.  BMIs were significantly lower among HIV-positive in those with 

pre-diabetes and diabetes and among HIV-positive men with normoglycemia although the 

difference was not significant.  CD4 counts, as expected, were significantly lower in HIV-

positive men independent of diabetes status. Fasting insulin levels and HOMA scores were 

higher among the HIV-positive men across all glucose levels, although the differences were not 

statistically significant.  

Men with diabetes mellitus were older and had higher BMIs than men with 

normoglycemia and pre-diabetes.  A higher proportion of black men as well as HIV-positive men 
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with AIDS had fasting glucose levels consistent with diabetes.  In both HIV-positive and HIV 

negative men, IR and hyperinsulinemia increased progressively from those with normoglycemia 

to pre-diabetes and diabetes. 

Table 5 shows the individual mean self-reported physical function scores by diabetes 

status for thirteen six-month periods commencing April 1, 1999. Men with diabetes consistently 

had the lowest physical function scores while men with normoglycemia and pre-diabetes had 

relatively similar scores.  Significant differences between the three glucose levels occurred in 

later visits likely due to larger sample sizes (accounting for a second MACS recruitment). 

In both HIV-negative and HIV-positive men, baseline physical function scores were 

lower for men with hyperinsulinemia.   In addition, physical function scores were lower in HIV-

positive men compared to HIV-negative men for both insulin levels.  Similarly, baseline physical 

function scores were lower in men with HOMA levels > 3 in both HIV negative and HIV-

positive men.  Physical function scores were lower for both HOMA levels in HIV-positive men 

as compared to men without HIV (Tables 6 and 7). 

The relationship between DM status and baseline physical function by HIV serostatus 

and men with AIDS is illustrated in Figure 1.  Overall, the best physical function scores were 

observed among HIV-negative men with normoglycemia.  HIV-negative males had better 

physical function scores compared with HIV-positive males in each of glucose levels. Among 

HIV-negative males, mean physical function scores decreased as glucose levels increased 

(p<0.0001).  The men with normoglycemia had the highest physical function scores while the 

men the diabetes had the lowest scores in HIV-negative men, HIV-positive men and men with 

AIDS; however significant differences were only observed in the HIV-negative group, likely due 

to the small number of men with HIV-infection and AIDS.  In addition, the mean physical 
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function scores for men with AIDS were lower than both the HIV negative men and the HIV-

positive men in all three of the glucose levels.  Men with both diabetes and AIDS had the lowest 

mean physical function score among all groups. 

In the univariate analysis (Table 8), lower physical function score (OR 1.9 per 25 unit 

decrease, p <0.0001); higher BMI (OR=1.6 per 5 units, p=0.0012) and older age (OR 1.5 per 5 

years, p<0.0001) were found to be independently associated with diabetes.  Baseline CD4 

counts, AIDS status, HIV status and race were not significantly associated with diabetes in the 

univariate analysis.  However, in the multivariate analysis, lower physical function score 

(OR=1.5 per 25 unit decrease, p=0.02), older age (OR = 1.5 per 5 years, p<0.0001), and black 

race (OR=2.8, p=0.002) were found to be significantly associated with diabetes.  BMI and AIDS 

were not found to be significant at p=0.05 and thus were not included in the final model.  

However, given the known relationship between BMI and DM in HIV-negative populations255 a 

sensitivity analysis was completed to determine if results changed with BMI forced into the 

model (data not shown).  All three variables, physical function, age and race, remained 

significant with BMI in the model, suggesting that BMI did not influence DM in this study 

therefore BMI was removed from the model for parsimony.  Given the observation that physical 

function scores were slightly lower among HIV-positive men compared with negative men, an 

interaction between HIV serostatus and mean physical function scores was tested in both 

univariate and multivariate analysis. This interaction was not statistically significant (p=0.9; data 

not shown).  After stratification by HIV infection, age and race remained significantly associated 

with DM status regardless of HIV status, however BMI was associated with diabetes in the HIV-

negative men.  Physical function was not associated with diabetes in either HIV group after 

stratification. 
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Table 8 also shows univariate and multivariate associations with IR.  In the univariate 

analysis, physical function score (OR=2.4 per 25 unit decrease, p<0.0001); older age (OR=1.3 

per 5 years, p<0.0001); higher BMI (OR=2.6 per 5 units, p<0.0001) and HIV infection (OR=1.5, 

p=0.01); and black race (OR=2.0, p=0.006) were associated with IR.  However in the 

multivariate analysis, the HIV/physical function interaction became significant (OR 2.1, 

p=0.0003) while older age (OR=1.3 per 5 years, p<0.0001); higher BMI (OR=2.8 per 5 units, 

p<0.0001); HIV infection (OR=11.3, p=0.0002); and black race (OR=2.0, p=0.002) remained 

associated with IR.  Neither CD4 count nor AIDS status were associated with IR in either 

univariate or multivariate analysis.  After stratification by HIV infection, BMI, age, and race 

were associated with IR in HIV-negative men and age, BMI, and physical function were 

associated with IR in HIV-positive men.   

2.5 DISCUSSION 

Our data suggest that self-reported low physical function as a surrogate for low physical activity 

is associated with DM, independent of HIV status.  After adjustment for age and race, physical 

function remained significantly associated with DM such that for every 25 unit decrease in 

physical function score, the odds of having DM increased by 50% (p<0.05). This result is 

strengthened by our observation that insulin levels and insulin resistance were also associated 

with lower physical function scores especially among HIV-positive men (Tables 6 and 7).  While 

the main effect of physical function score was not associated with IR in multivariate analysis, the 

significance of the physical function/HIV status interaction deserves attention.  This indicates 

that the effect of low physical function on insulin resistance depended upon HIV status such that 
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the odds of having insulin resistance were greater for men with both low physical function scores 

and HIV infection (OR 2.1, p=0.0003). Alternatively, the association between HIV infection and 

IR, but not DM, may simply indicate that IR precedes DM and we had greater statistical power 

to detect this.  While this association needs to be replicated in other cohort studies, it is important 

to encourage physical activity among individuals with HIV. Using previously published studies 

that support the use of physical function as a surrogate for physical activity15-20, it is plausible to 

suggest that low physical activity levels may be associated with the onset of insulin resistance 

and DM in HIV-positive men. 

In addition, our finding that physical function scores were lowest among persons with 

AIDS provides important information regarding DM in our population despite the lack of 

statistical significance.  As shown in Figure 1, persons with AIDS contributed strongly to lower 

physical function scores among those with diabetes.  This association is highly plausible as 

persons with late stage HIV infection and AIDS have likely experienced multiple events which 

contributed to lower physical function over a long history of HIV infection.  It is possible that the 

lack of statistical significance was due to the limited sample of persons with AIDS (n=28).  

Studies with larger samples of individuals with AIDS should be completed to further clarify the 

contribution of AIDS to the complex relationship between physical function and DM in the HIV 

positive population.   

BMI was not found to be associated with diabetes mellitus in the multivariate analysis in 

this study.  While higher BMI is a known risk factor for DM, BMIs among HIV-positive 

individuals tend to be lower with subsequent loss of subcutaneous adipose tissue (without 

increases in visceral adipose tissue) compared with the HIV-negative population 256-258.   This 

was true in our study in which 40.3% of HIV negative men were overweight compared with 
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36.5% in the HIV-positive group.  The HIV-negative men also had higher frequencies of obesity 

compared to the HIV-positive men.  Therefore, the lack of association between BMI and DM 

after adjustment for HIV status and the other covariates is not surprising.  Our result was 

strengthened by the observation that BMI was associated with DM in the HIV-negative men but 

not in the HIV-positive men.  This seemingly contradictory finding highlights the difficulty in 

assessing the role of BMI as a risk factor for most metabolic disturbances common to those with 

HIV infection.  We were unable to measure visceral fat as a component of BMI in this study and 

therefore our inferences are limited to BMI. 

Our findings using physical function as a surrogate for physical activity support a 

previous observation by Howard et al that physical activity may be independently associated 

with diabetes mellitus in HIV-positive women108.  However, this result was not replicated in their 

similarly designed study in a sample of HIV-positive men109.  Likewise, Danoff et al120 failed to 

find an association with physical activity and diabetes among HIV-positive women.  The current 

study differs from these three previous studies as it is composed primarily of Caucasians (75%) 

rather than African American and Hispanic cohorts.  Compared to the Howard men’s study109, 

the HIV-positive men in our cohort have a younger median age (42 years) but similar BMI 

compositions (45% with normal BMI). The differing demographics between studies may 

partially explain the discrepancy between our findings and those in the Howard study.  Because 

both older age and African American race are known risk factors for diabetes mellitus253, our 

cohort of younger, Caucasian men may allow for an increased association of low physical 

function and diabetes mellitus compared to the older, African American cohort in the Howard 

study.  However, comparisons between our study and the Howard studies are difficult given our 

use of physical function data as a surrogate for physical activity level.   
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The present study had several limitations.  First, given the design of this study, a temporal 

relationship between impaired physical function and diabetes development was not determined.  

Therefore, it is possible that the lower physical function scores are a result of the diabetes, rather 

than a precursor to its onset. Recent literature implies that the presence of diabetes may 

independently contribute to impaired exercise capacity188.  Left ventricular dysfunction 188, 

aging, female sex, poor diabetes control, reduced heart rate recovery, obesity189, 190, race190, 

impaired femoral arterial blood flow191, and impaired exercise stroke volumes192, as well as 

microvascular diabetic complications including neuropathy and retinopathy193 may be associated 

with impaired exercise capacity in type 2 diabetes.  Regensteiner et al, also observed a reduced 

rate of increase in oxygen consumption during treadmill testing of healthy patients with non-

insulin dependent diabetes, indicating that oxygen delivery limitations may lead to impaired 

exercise performance194. However, given the noted correlation between the baseline and overall 

mean physical function scores in our study, it is reasonable to suggest that physical function 

scores did not drastically decrease following the onset of diabetes.  It is also important to note 

that other factors such as ongoing substance abuse, depression, and chronic physical and mental 

health issues may also affect physical function.  Future research using larger cohort studies to 

establish incident diabetes cases are necessary to establish a temporal association and to verify 

the results of this analysis while simultaneously assessing the contribution of additional factors 

to low physical activity.  Secondly, the physical function measure used in this study does not 

objectively measure physical activity but rather serves as a surrogate by assessing how a person’s 

health status limits his ability to complete physical function tasks.  As previously discussed, 

numerous studies in HIV-negative populations established that physical activity levels are 

correlated with physical function performance.  Brach et al observed a correlation between 
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pedometer readings as a measure of physical activity with the Functional Status Questionnaire 

(r=0.34); the Physical Performance Test (r=0.41); and gait speed (r=0.52)15.  Both cross-sectional 

and prospective studies suggest that low physical activity levels are an independent predictor of 

both measured and self-reported low physical function15-20.  A recent study in 8,702 U.S. and 

1,507 British middle-aged adults (aged 50 to 69), found that physical activity was protective 

against impaired incident physical function (self-report and measured) independent of BMI.205  

Participants who reported > 3 days of activity per week had a lower incidence of physical 

impairment than individuals who reported less activity in each BMI category (recommended 

weight, overweight, obese). Hillsdon et al also show that regular physical activity (defined as 2.5 

hours per week of moderate PA or > 1 hour of vigorous activity per week) is associated with 

high self-reported physical function (OR 1.6, 95% CI 1.3-1.98 adjusted for age, gender, chronic 

illness, baseline PF, BMI, smoking, and SES) in a cohort of 6,398 middle aged men and women 

(aged 39 to 63 years)18.  Despite the lack of objectively measured physical activity, these studies 

are important because they extend the protective effect of physical activity to slightly younger 

populations. While similar studies have not yet been conducted in HIV-positive cohorts, 

Roubenoff and Wilson, reported an increase in physical function status in patients with HIV 

wasting who completed a resistance training program21.  Therefore, the use of physical function 

as a surrogate for physical activity, although not ideal, was justified.  Studies that objectively 

measure physical activity levels will need to be completed to verify and strengthen our results.  

Finally, this study was unable to assess the impact of antiretroviral therapy on diabetes mellitus 

as over 90% of the HIV-positive men utilized HAART at some point during the study period and 

there was little variation in the duration of HAART usage.  However, this inability to assess the 

association of HAART and DM does not detract from our inference that impaired physical 
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function is associated with DM given that physical function scores were significantly lower in 

the both the HIV-negative and HIV-positive men with diabetes. 

2.6  CONCLUSIONS 

Despite evidence that physical inactivity may play a role in the development of DM among HIV-

negative individuals63, 71, 246, the majority of studies of DM and IR in HIV-positive populations 

have not accounted for physical activity, potentially over-estimating the role of anti-retroviral 

therapy as a cause of diabetes in this population10, 123, 259.  This study found that self-reported low 

physical function as a surrogate for physical activity was associated with DM and IR in both 

HIV-positive and HIV-negative men.  Given these results, future research using objective 

physical activity measures is warranted to further understand the contribution of low physical 

activity to DM and IR among HIV-positive populations.  Ongoing HIV cohort studies addressing 

the issues of glucose metabolism in HIV-positive populations should address the role of physical 

activity.  

2.7  SUMMARY POINTS 

o HIV-positive men had lower physical function scores than HIV-negative men. 

o HIV-positive men had lower physical function scores than HIV-negative men regardless 

of insulin level and HOMA score.  
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o Men with diabetes had consistently lower mean physical function scores than both the 

pre-diabetic men and the normoglycemic men.  

o Baseline physical function scores were lower for men with hyperinsulinemia and men 

with HOMA levels > 3 among HIV-negative and HIV-positive participants.   

o Men with both diabetes and AIDS had the lowest mean physical function score among all 

men. 

o In multivariate analysis, lower physical function score (OR=1.5 per 25 unit decrease, 

p=0.02), older age (OR = 1.5 per 5 years, p<0.0001), and black race (OR=2.8, p=0.002) 

were found to be significantly associated with diabetes.   

o In multivariate analysis, older age (OR=1.3 per 5 years, p<0.0001); higher BMI (OR=2.8 

per 5 units, p<0.0001); HIV infection (OR=11.3, p=0.01); black race (OR=2.0, p=0.004); 

and the interaction between HIV and physical function (OR=2.1, p=0.0003) were 

associated with IR. 

o This study concluded that low physical function (as a surrogate for physical activity) was 

associated with DM and IR in both HIV-positive and HIV-negative men.   

o Future research using objective physical activity measures is warranted to further 

understand the contribution of low physical activity to DM and IR among HIV-positive 

populations.  

2.8  FUTURE PERSPECTIVE 

Over the next decade, clinical trials among HIV-positive populations similar to those 

completed in HIV-negative populations would be required in order to establish a casual 
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association between low physical activity and the onset of DM and IR.  This will take time.  

At present, researchers and clinicians alike are encouraged to consider the potential for a 

similar benefit to HIV-positive individuals as demonstrated in the general population.  As 

this relationship becomes more clearly recognized, increased physical activity will become 

an integral part of diabetes prevention and management in HIV-positive individuals.   

2.9  TABLES 

  

Table 3. Physical Function 10 (PF 10) questions from the Medical Outcomes Study (MOS) 

36-Item Short Form Health Survey (SF 36) 

“The following items are about activities 
you might do during a typical day.  Does 
your health now limit you in these 
activities?  If so, how much” 

Yes, 
Limited A 
Lot 

Yes, 
Limited a 
Little 

No, Not 
Limited at 
all 

Vigorous activities, such as running, lifting 
heavy objects, participating in strenuous 
sports 

   

Moderate activities, such as moving a table, 
pushing a vacuum cleaner, bowling, or 
playing golf 

   

Lifting or carrying groceries    
Climbing several flights of stairs    
Climbing one flight of stairs    
Bending, kneeling, or stooping    
Walking more than a mile    
Walking several blocks    
Walking one block    
Bathing or dressing yourself    
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Table 4. Baseline demographics by HIV serostatus and glucose levels 

 Normal n=203 Pre-Diabetes n=369 Diabetes n=86 Overall P-
value+ 

Baseline 
Characteristic 

 

HIV-
Negative 
n=125 

HIV- 
Positive 
n=78 

HIV- 
Negative 
n=209 

HIV-
Positive  
n= 160 

HIV- 
Negative 
n=50 

HIV-
Positive 
 n =36 

 

Age (median) 
        (range) 

41.5 
18.7-76.9 

39.0 
22.7-57.2 

45.5 
18.6-70.9 

42.6 
21.8-64.2 

52.9 
30.7-79.1 

48.0*** 
24.0-68.4 

<0.0001 

Race n (%)       0.05 
    White 95 (76.6) 65 (83.3) 176 (84.2) 133 (83.1) 34 (69.4) 26 (72.2)  
    Black 27 (21.8) 13 (16.7) 30 (14.4) 24 (15.0) 15 (30.6) 8 (22.2)  
    Other 2 (1.6) 0 (0) 3 (1.4) 3 (1.9) 0 (0) 2 (5.6)  
BMI (median) 25.3 

 
23.8 
 

26.3 
 

25.4** 
 

28.2 
 

25.2*** 
 

0.0008 

AIDS n (%) N/A 10  (4.9) N/A 11 (3) N/A 8 (9.30)  
CD4 (median) 851.0 

 
548.0* 
 

942.0 
 

496.0** 
 

927.5 
 

471.5*** 
 

0.7 

Insulin n (%)       <0.0001 
   < 15 µU/ml 92 (73.6) 50 (64.1) 91 (43.5) 57 (35.6) 8 (16) 1 (2.78)  
   > 15 µU/ml 33 (26.4) 28 (35.9) 118 (56.5) 103 (64.4) 42 (84) 35 (97.2)  
HOMA-IR, 
median µU/ml x 
mmol/L 

2.2 2.4 3.0 3.3 6.5 6.7 <0.0001 

Wilcoxon Rank Sum for continuous variables and Fisher’s Exact for categorical variables for serostatus 
comparisons 
Kruskal-Wallis for continuous variables or Fisher’s Exact for categorical variables for overall glucose comparisons 
BMI: Body mass index; HOMA-IR: homeostasis model assessment insulin resistance  
* p <0.05 between HIV negative and HIV-positive men with normoglycemia 
** p <0.05 between HIV negative and HIV-positive with pre-diabetes 
*** p <0.05 between HIV negative and HIV-positive with diabetes 
+exact p-value for comparisons between the three glucose groups with HIV negative and HIV-positive combined 
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Table 5. Mean cross-sectional Physical Function 10 scores from the Short Form-36 by 

diabetes status at each visit date (HIV-negative and HIV-positive men) 

Visit Date Normo-glycemic Pre-Diabetes Diabetes p-value 

4/1/1999-9/30/1999  (n=27) 90.7 97.3 89.0 0.89 
10/1/1999-3/31/2000 (n=114) 85.5 89.1 86.1 0.96 
4/1/2000-9/30/2000 (n=106) 96.9 88.9 78.8 0.23 
10/1/2000-3/31/2001 (n=119) 89.0 92.4 84.4 0.42 
4/1/2001-9/30/2001 (n=101) 90.0 91.3 86.3 0.79 
10/1/2001- 3/31/2002 (n=190) 86.9 91.4 89.5 0.35 
4/1/2002- 9/30/2002 (n=202) 89.6 90.6 82.8 0.01* 
10/1/2002- 3/31/2003 (n=245) 93.5 91.1 87.6 0.09 
4/1/2003- 9/30/2003 (n=340) 91.4 90.7 77.9 <0.0001* 
10/1/2003- 3/31/2004 (n=337) 93.6 89.4 79.0 0.008* 
4/1/2004- 9/30/2004 (n=370) 90.7 90.8 80.8 0.009* 
10/1/2004- 3/31/2005 (n=375) 91.5 88.6 78.2 0.003* 
10/1/2005- 3/31/2006 (n=388) 92.2 88.1 77.5 <0.0001* 

Kruskal-Wallis Test for all comparisons 
*indicates significant at p <0.05 
 

 
Table 6.  Baseline characteristics of study populations by HIV serostatus and insulin levels 

 HIV-negative (n=366) HIV-positive  (n=239) 
 Insulin 

  < 15 µU/ml 
Insulin 
 >15 µU/ml 

P-value Insulin 
  < 15 µU/ml 

Insulin 
 >15 µU/ml 

P-value 

 Physical function 
score (mean)  

 
93.4 

 
87.1 

 
0.0008 

 
90.9 

 
82.1 

 
0.05 

Age (median) 42.4 50.4 <0.0001 41.2 42.7 0.05 
BMI (median) 25.5 27.5 <0.0001 25.4 24.3 0.13 
Race, n (%)   0.02   0.15 
    White 221 (59.6) 77 (20.8)  136 (54) 61(27)  
    Black 39 (10.5) 29 (7.8)  22 (8.7) 20 (8.3)  

Note: Wilcoxon Rank Sum for continuous variables and Chi square test for categorical variables; BMI: Body mass 
index 
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Table 7. Baseline physical function score by HIV serostatus and HOMA score 

Note: Wilcoxon Rank Sum for continuous variables and Chi square test for categorical variables.  HOMA-IR: 
homeostasis model assessment - insulin resistance; BMI: Body mass index 
 
 
 
Table 8. Multivariate logistic regression analysis of baseline factors associated with 

diabetes and insulin resistance among HIV-positive and -negative men 

Risk Factor Unadjusted 
OR 
 

p-value Adjusted 
OR 
 

p-value Unadjusted 
OR 
 

p-value Adjusted 
OR 
 

p-value 

 Diabetes (n=262) Insulin resistance (HOMA-IR) (n=239) 
Physical 
function score 
(Per 25 unit 
decrease) 

1.9 <.0001 1.5 0.02 2.4+ <.0001 1.2 0.26 

Age  
(Per 5 year 
increase)  

1.5 <.0001 1.5 <.0001 1.3 <.0001 1.3 <0.0001 

BMI 
(Per 5 unit 
increase) 

1.6* 0.0012   2.6 <.0001 2.8 <0.0001 

AIDS Statusa 2.0* 0.2   1.5** 0.3   
HIV Statusb 1.2* 0.6   1.5 0.01 11.3 0.01 
Racec 1.6 0.1 2.8 0.002 2.0 0.006 2.0 0.004 
CD4 1.0* 0.9   1.0** 0.4   
Physical 
function/HIV  
interaction 

      2.1 0.0003 

 HIV-negative (n=366) HIV-positive(n=239) 
  HOMA-IR  

< 3 µU/ml x 
mmol/L 

HOMA-IR  
> 3µU/ml x 
mmol/L 

P-value HOMA-IR  
< 3 µU/ml x 
mmol/L 

HOMA-IR  
> 3µU/ml x 
mmol/L 

P-value 

Physical function 
score 

      

(mean) 93.4 86.5 <0.0001 91.4 80.8 0.008 
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2.10 FIGURES 
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Figure 1.  Mean baseline physical function scores by diabetes status for HIV-negative men, HIV-positive men, 

and men with AIDS (Mean + 1 standard deviation)  
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3.1 ABSTRACT 

Aims:  To evaluate relationships between physical function, incident diabetes mellitus (DM) and 

insulin resistance (IR) among HIV-infected and uninfected men.   

Methods: We analyzed data from 1790 HIV-infected and uninfected men in the Multicenter 

AIDS Cohort Study.  DM was defined in two ways using less stringent and more stringent 

criteria.  The Physical Functioning Ten Scale from the Short Form-36 Health Survey measured 

baseline physical function.  Cox regression assessed associations between physical function and 

DM and IR. 

Results:  73 men developed diabetes using the more stringent definition compared to 238 using 

the less stringent definition. Cumulative DM incidence was highest among HIV-uninfected and 

HIV-infected men with low physical function.  Physical function was a risk factor for DM in 

HIV-uninfected men and remained so after controlling for BMI, DM family history, and race 

using both the more stringent (hazard ratio (HR) 1.31; 95% CI 1.02-1.66) and less stringent (HR 

1.29; 95% CI 1.11-1.50) diabetes definitions.  Among HIV-infected men, physical function was 

an independent risk factor for DM using the less stringent diabetes definition.   

Conclusions:  This study supports our previous findings that low physical function is an 

important risk factor for DM in the MACS cohort. 
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3.2 INTRODUCTION 

The introduction of highly active antiretroviral therapy (HAART) dramatically changed the 

course of HIV infection99. Individuals living with HIV infection have a longer life expectancy, 

albeit faced with co-morbidities common in the general population that may be accelerated due 

to infection with HIV260. Diabetes mellitus (DM) and insulin resistance (IR) are two such 

conditions.  Current studies document a high prevalence and incidence of Type 2 DM in HIV-

infected men.  The Multicenter AIDS Cohort Study (MACS) reported a 14% prevalence of 

diabetes mellitus (DM) among HIV-infected men compared to 5% among HIV-uninfected men 

and an incidence rate of 4.7 cases per 100 person-years compared with an incidence rate of 1.4 

cases per 100 person years among HIV negative men106.  There is also a greater prevalence of 

insulin resistance reported in HIV-infected patients with lipodystrophy (35%) compared to 

matched controls without HIV (5%)128.  This trend has also been noted in HIV-infected patients 

without lipodystrophy (5.6% IR prevalence) when compared to controls (3.3% IR prevalence)128.  

To date, the etiology of DM and IR in HIV infection remains unclear.  Traditional risk 

factors such as advancing age10, 109 and higher BMI10, 109 have consistently been reported and 

HIV specific risk factors such as HAART use100, 110 are thought to play a role.   

Physical activity is an accepted intervention for the prevention of DM in the general 

population42-50 and low physical activity helps to predict the incidence of new-onset DM48, 261.  

However, physical activity’s role as a contributing factor to the incidence and prevention of DM 

has not been described in most studies of HIV-infected populations10-14.  



79 

We previously demonstrated that low physical function was associated with DM and IR 

in a cohort of HIV-infected and uninfected men from the Pittsburgh component of the MACS262.  

This result was strengthened by our observation that insulin levels and markers of insulin 

resistance were also associated with lower physical function scores among HIV-infected men.   

However, sample size did not permit the exclusion of prevalent diabetes and a temporal 

relationship could not be established.  In addition, we were unable to assess the impact of 

antiretroviral therapy on DM incidence.  

Physical activity and physical function are related, yet, distinct.  Physical activity is 

defined as any voluntary movement produced by the skeletal muscles that results in increased 

energy expenditure201, whereas physical function is defined as one’s ability to carry out various 

activities that require physical capability, ranging from self-care to more vigorous activities that 

require increasing degrees of mobility, strength, or endurance202.  Despite these differences, 

numerous studies in HIV-uninfected populations have established that physical activity levels are 

correlated with physical function15-20.  Among HIV-infected persons, resistance training has been 

shown to improve self-reported physical function in patients with HIV wasting21.   Therefore, 

physical function is likely to reflect physical activity. 

The current study addresses important limitations of our prior study262 by using incident 

diabetes cases from the MACS cohort to assess the independent contribution of physical function 

to the onset of DM and IR in HIV-infected and uninfected men.  The effect of highly active 

antiretroviral therapy (HAART) on this relationship was assessed.  Finally, we compared the 

incidence rates of diabetes among HIV-infected and uninfected men with low physical function 

to men with high physical function. 
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3.3 METHODS 

3.3.1 Study Participants 

All participants were from the Multicenter AIDS Cohort Study (MACS).  The MACS is an 

ongoing NIH-supported (Baltimore, MD; Chicago, IL; Los Angeles, CA; and Pittsburgh, PA) 

prospective cohort study of the natural history of HIV infection.  It was designed to gather 

information on the epidemiology, virology, immunology, and pathogenesis of HIV.  Homosexual 

and bisexual men aged > 18 years without AIDS were recruited from local communities in three 

recruitment cycles (April 1984-March 1985; April 1987-September 1991; October 2001-August 

2003).  Briefly, the MACS follows a 6-month visit schedule and involves detailed data collection 

regarding medical history, physical examination results, and specimen collection. Institutional 

review boards at each site approved the protocol, and each participant provided informed 

consent.  Further detail can be found elsewhere 247, 263.   

Our analysis includes data collected after implementation of the MACS Metabolic Study 

in April 1999 when serum samples (> 8 hours fasting) were added to measure glucose and 

insulin levels.  The first visit at which a participant had such testing was defined as his baseline 

visit.  Of 2,800 eligible men, 193 (6.9%) had prevalent diabetes at baseline and were excluded. 

Prevalent diabetes was defined as a fasting glucose concentration of >126 mg/dL, self-reported 

DM, or use of an antidiabetic medication at baseline.  An additional 817 participants did not have 

any fasting serum samples and were excluded.  Therefore, the final sample includes 1790 men 

(1023 HIV-uninfected and 767 HIV-infected) without baseline diabetes. 
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3.3.2 End Point Ascertainment-Diabetes Mellitus and Insulin Resistance 

Diabetes was defined at each bi-annual visit from April 1, 1999 through April 2, 2008.  The date 

of incident DM was defined as the mid-point between the last visit with a fasting glucose 

concentration <126 mg/dL and the date of the first visit with a fasting glucose concentration of 

>126 mg/dL.  Incident DM was defined in two ways.  The first definition, consistent with our 

previous work3, was a single fasting glucose of >126 mg/dL, self-reported DM, or use of an 

antidiabetic medication.   The second, more stringent definition, required two consecutive 6-

month visits with a fasting glucose of > 126 mg/dL, 1 visit with a glucose of > 126 mg/dL and 

self-reported initiation of antidiabetics medication or self-reported DM.   

Insulin concentrations were also obtained from fasting serum samples.  IR was estimated 

using the homeostasis model assessment (HOMA): (fasting insulin [(µU/ml] x fasting glucose 

[mmol/L)]/22.5.248  IR was defined by the highest HOMA quintile (>4.3 µU/ml x mmol/L).  Men 

with prevalent IR were excluded from incident IR analysis. 

3.3.3 Exposure-Self-reported Physical Function 

The Physical Functioning Ten Scale from the Medical Outcomes Study Short Form-36 Health 

Survey served as the physical function measure.  The SF-36 is one of the most widely used 

Health Related Quality of Life Instruments and consistently demonstrates high levels of 

reliability and validity (249-251).  In the MACS cohort, internal consistency estimates ranged from 

0.85 to 0.86 depending on the SF-36 scale used264.  
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This study includes data from PF 10 questionnaires administered at each bi-annual visit 

from April 1, 1999 through March 31, 2005 and then annually on even visit dates.  Participants 

were asked the following question regarding physical activities that might be done in a typical 

day: “Does your health now limit you in these activities?  If so, how much?”  Participants chose 

between “Yes, limited a lot”, “Yes, limited a little”, or “No, not limited at all” for vigorous 

activities (running, lifting heavy objects); moderate activities (vacuuming, golf); lifting or 

carrying groceries; climbing several flights of stairs; climbing one flight of stairs; bending, 

kneeling, or stooping; walking more than a mile; walking several blocks; walking one block; 

bathing or dressing.  Each item was scored on a 0 to 100 scale as follows: 100= not limited at all; 

50= limited a little; and 0= limited a lot, based on the RAND scoring method252.  A mean of the 

10 activities was calculated to determine an overall score ranging from 0 to 100 with a score of 

100 indicating that a participant’s health did not limit his ability to complete physical activity.  A 

lower score indicated lower physical function.  For use in Kaplan-Meier plots, baseline physical 

function scores were categorized as high physical function (> than 80) and low physical function 

(< to 80).  A score of 80 was chosen based on the lowest quintile of physical function in the 

current study population. Baseline physical function score was used in multivariate models as a 

continuous variable.  

3.3.4 Assessment of Exposure to Antiretroviral Therapy 

Each visit includes detailed questions regarding the use of specific antiretroviral therapies.  The 

definition of HAART followed the DHHS/Kaiser Panel Guidelines and has been described 

elsewhere265, 266. 
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Men were classified into the following 3 groups: 1) HIV-uninfected; 2) HIV-infected not 

using HAART; and 3) HIV-infected using HAART.  The “HIV-infected not using HAART 

group” combined men who were antiretroviral free (n=254), men using monotherapy (n=3), and 

men using less-than-HAART combination therapy (n=22) at the baseline visit.  This 

classification was chosen because of the small numbers of men using either monotherapy or less-

than-HAART combination therapy. 

3.3.5 Statistical Analysis 

SAS Version 9.2 was used for all statistical analyses.  Chi-square test and the Student’s t-test 

were used to test for differences in proportions and distributions between HIV serostatus groups 

and physical function groups.  Statistical significance was determined using two-tailed tests with 

an alpha of 0.05.  

In order to analyze incident DM/IR, person-time for each participant was calculated from 

the date of the baseline visit to the date of the onset of DM/IR or to the date of censoring at the 

last visit free of DM/IR (either due to loss to follow-up or to the study end date of April 2, 2008).  

Incidence rates per 100 person-years were calculated by dividing the number of DM/IR 

endpoints by person-years and multiplied by 100. 

The association between baseline physical function and incident DM was examined using 

unadjusted and adjusted hazard ratios (HR) from Cox proportional hazards regression models.  

Univariate Cox regression for each variable was used to determine the association between the 

variable of interest and incident DM.  Baseline physical function, used as a continuous variable, 

was forced into all models followed by the addition of each significant variable from the 

univariate analyses, from lowest to highest p-value.  Models were run separately for all men 
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combined, HIV-uninfected men and HIV-infected men.  An identical model-building strategy 

was used to examine the association between physical function and incident IR.  The 

proportional hazard assumption was met based on visual inspection of Kaplan-Meier survival 

curves. 

3.4 RESULTS 

The baseline characteristics of the 1790 men, of whom 43% were HIV-infected, are displayed in 

Table 9.  The mean age of the study population was 43.1 years, 58.2% were white, 31.1% had a 

family history of diabetes and 66% had a history of smoking.  The mean BMI was 25.9 kg/m2 

and the mean physical function score was 86.0 (SD 22.1).   

The HIV-infected men were younger, had a lower mean BMI, and lower CD4 counts.  

The mean baseline physical function score was significantly lower (p<0.001) in HIV-infected 

men (mean 83.0; SD 23.3) compared with HIV-uninfected men (mean 88.2, SD 20.8).  A greater 

proportion of HIV-infected men was non-white and had a history of smoking.  Mean glucose 

levels and family history of DM did not differ between HIV serostatus groups; however mean 

insulin (p=0.0007) and HOMA levels (p=0.0006) were significantly higher in HIV-infected men.  

Table 10 compares men with high and low physical function, stratified by HIV 

serostatus.  Characteristics tended to differ more in HIV-uninfected men compared with the HIV-

infected men.  Among the HIV-uninfected men, those with low physical function were older and 

had higher insulin and HOMA levels.  In addition, a greater proportion of men with low physical 

function were non-white while a higher proportion of men had a history of smoking.  BMI, 

fasting glucose concentrations, and family history of DM did not differ.   
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In the HIV-infected men, race, CD4 count, and proportion with AIDS differed by 

physical function level.  A greater proportion of men with low physical function were non-white.  

HIV-infected men with low physical function had lower CD4 counts and a higher proportion had 

AIDS.  None of the other characteristics differed significantly between men with high and low 

physical function in the HIV-infected group. 

Incident DM varied substantially depending on the diabetes definition used.  Of the 1790 

men, 73 developed diabetes (41 HIV-uninfected and 32 HIV-infected) using the more stringent 

definition.  Forty-three incident cases were due to two consecutive glucose concentrations of 

>126 mg/dl, or 1 elevated glucose (> 126 mg/dl) with the initiation of antidiabetic medications, 

22 were due to a self-reported diagnosis of DM and 8 were due only to self-reported use of 

antidiabetic medications. When using the less stringent definition, 238 (126 HIV-uninfected and 

112 HIV-infected) incident cases of diabetes were observed.  One hundred ninety two of these 

were due to a single elevated fasting glucose (> 126 mg/dl), 27 were due to a self-reported 

diagnosis of DM and 19 were due only to self-reported use of antidiabetic medications.  A total 

of 520 (30%) were lost to follow-up. The median follow-up was 5.0 years.  

 The incidence rate for DM among all men was 0.943 per 100 person-years (PY) using 

the more stringent definition and 3.24 per 100 PY using the less stringent definition.  Among 

HIV-uninfected men the rate was 0.896 per 100 PY using the more stringent definition and 2.89 

per 100 PY with the less stringent definition.  Finally, among HIV-infected men, use of the more 

stringent definition yielded a rate of 1.04 per 100 PY compared with 3.75 per 100 PY using the 

less stringent definition.  Similarly, the DM definition used strongly influenced the incidence 

rates for HIV-infected men based on HAART status.  HIV-infected men using HAART had an 

incidence rate range of 1.0 per 100 PY using the more stringent definition compared to 3.97 per 
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100 PY using the less stringent definition.  The HIV-infected men not using HAART had a rate 

of 1.1 per 100 PY with the more stringent definition and 2.48 per 100 PY. 

Figure 2 presents the percentage of men free of DM stratified by HIV status and physical 

function for both definitions of DM.   The cumulative incidence of DM was higher (smaller 

percentage of participants free of diabetes) in all four groups when the less stringent definition 

was used.  Regardless of definition used, the cumulative DM incidence was highest among HIV-

uninfected men with low physical function and next highest in HIV-infected men with low 

physical function.  The log-rank test across the 4 strata was not significant (p=.15) when using 

the more stringent definition.  When the less stringent DM definition was used, the 4 strata differ 

significantly from one another (p<0.001).  

In the univariate analysis (data not shown), lower physical function score (HR 1.34 per 

20 point decrease, p < 0.001); higher BMI (HR=1.13, p < 0.001); older age (HR 1.17 per 5 year 

increase, p=0.006); non-white race (HR 1.77, p=0.02); and family history of DM (HR 1.68, 

p=0.004) were found to be individually associated with diabetes when using the more stringent 

definition.  Baseline CD4 cell counts and HIV serostatus were not significantly associated with 

diabetes in the univariate analysis.  The same covariates were found to be significant when using 

the less stringent definition.  Among HIV-uninfected men, lower physical function, BMI and 

family history of DM were associated with DM when the more stringent definition was used.  

When using the less stringent definition age, race, and CD4 cell count were also associated with 

DM.  Among HIV-infected men only age and BMI were significant risk factors.  Neither 

physical function nor HAART use was significantly associated with DM in HIV-infected men 

using the more stringent definition; however using the less stringent definition, physical function, 

race, and family history of DM were significantly associated with DM. 
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To determine the independent effect of physical function on DM after adjustment for 

covariates, a series of multivariate Cox models were used for both diabetes definitions (Table 

11).  When using the more stringent definition, the physical function HR was somewhat 

diminished after adjustment for BMI, family history of DM and age but remained a significant 

risk factor for incident DM (HR 1.24; 95% CI 1.04-1.49) in all men.  The effect of physical 

function was no longer significant with the addition of race into the model (HR 1.14; 95% CI 

0.94-1.38).  While the use of the less stringent definition had little effect on the HR for DM when 

compared with the more stringent definition, it is important to note that physical function 

remained significant after adjustment for all covariates, including the addition of race to the 

model (HR 1.21, 95% CI 1.08-1.35).  The first order interaction between HIV and physical 

function was not significant using either definition. 

For HIV-uninfected men, adjustment for BMI, family history of DM, and race had little 

effect on the independent effect of physical function on incident DM (HR 1.31; 95% CI 1.02-

1.66) using the more stringent definition.  After the addition of age, physical function was no 

longer a significant risk factor; however the HR was only slightly attenuated (HR 1.24; 95% CI 

0.96-1.60).  Use of the less stringent definition did not change the HR for DM among HIV-

uninfected men, yet physical function remained significantly associated with DM in the model 

with all covariates entered (HR 1.20, 95% CI 1.02-1.41).    

The choice of DM definition had the greatest impact in the HIV-infected men.  Using the 

more stringent definition, physical function was not an independent risk factor for incident DM 

and adjustment for BMI, age, and race had little effect on the HR.  When the less stringent 

definition was used, the HR ratio increased and physical function was independently associated 

with DM even after adjustment for BMI and age (HR 1.23, 95% CI 1.06-1.44).  Although the 
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addition of race to the model did not change the HR only borderline significance was achieved 

(HR 1.16, 95% CI 1.00-1.38). 

Lower physical function (HR 1.15, p=0.002); higher BMI (HR 1.14, p<0.001), black race 

(HR 1.25, p=0.03); and HIV status (HR 1.24, p=0.005) were significantly associated with 

incident insulin resistance among all men in univariate analysis.  Among HIV-uninfected men, 

only physical function (HR 1.20, p=0.02) and BMI (HR 1.17, p<0.001), were associated with IR.  

As with the DM outcome, physical function was not an independent risk factor for IR in HIV-

infected men (HR 1.08, p=0.1) while older age (HR 1.20, p=0.01), higher BMI (HR 1.10, 

p=0.04) and HAART use (HR 1.7, p=0.05) were associated with incident IR.   

Adjustment for covariates only minimally decreased the HR for low physical function 

among all men with incident IR (Table 12).  Physical function was associated with insulin 

resistance in univariate analysis (HR 1.15; 95% CI 1.04-1.27) but was not significantly 

associated with IR after adjusting for covariates (although the HR remained unchanged).  

Similarly, among HIV-uninfected men, physical function was associated with IR in univariate 

analysis (HR 1.20; 95% CI 1.04-1.38) but the addition of BMI, CD4 count, and family history of 

DM attenuated the physical function HR (HR 1.01; 95% CI 0.84-1.22).  Finally, physical 

function was not an independent risk factor for incident IR in HIV-infected men (HR 1.08; 95% 

CI 0.94-1.25).   Adjustment for covariates had no effect on the HR.   

3.5 DISCUSSION 

Our finding that lower physical function is a risk factor for incident DM in a large cohort of 

HIV-uninfected and infected men is biologically plausible and supports our previous findings262.  
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Men with low physical function were more likely to develop diabetes than men with higher 

physical function, even after adjustment for risk factors such as BMI, family history of DM, and 

age.  We observed similar associations between physical function and DM in HIV-uninfected 

men but the association was weaker among HIV-infected men regardless of the DM definition 

used.  The current study expands our previous research262 by suggesting a temporal relationship 

between physical function and incident DM, as men with prevalent DM were excluded.  

Additionally, we assessed the effect of HAART use on incident DM and utilized a second, more 

stringent DM definition.  Given the strength of previous studies that support the strong 

correlation of physical function with physical activity15-20, our results are consistent with the 

notion that low physical activity is a risk factor for incident DM in HIV-uninfected and infected 

men.  

Although the majority of prior studies did not assess the role of physical function or 

physical activity as a contributing factor to DM among HIV-infected persons, our results support 

the  Howard et al108 and Gavrila et al186 studies, in which physical inactivity was associated with 

DM and IR in HIV-infected persons.  Our analysis is unique in that we used a prospective design 

with incident DM cases, in contrast to the cross-sectional designs used in prior studies.  We also 

included HIV-uninfected as well as HIV-infected men, allowing us to assess and control for 

HIV-infection.  Finally, we used a definition of DM consistent with ADA criteria22, while prior 

studies either used only self-reported DM or did not confirm glucose concentrations. 

HIV infection was not found to be a significant risk factor for DM in our study but was 

shown to be associated with incident IR in univariate analysis, consistent with our previous 

study262.  These findings suggest that HIV disease may be associated with mild, perhaps 

transient, glucose disorders but that traditional DM risk factors play a stronger role in the 
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progression to DM than HIV itself or the inflammatory processes to which it gives rise103.  

Alternatively, the association between HIV infection and IR, but not with DM, may simply 

indicate that IR precedes DM and that we had greater statistical power to detect this difference.  

Finally, because HAART use itself has been identified as a risk for IR among HIV-infected 

individuals100, it is plausible that the association between HIV and IR is confounded by HAART 

use and IR is not merely a direct result of HIV-infection. 

HAART use was not a significant risk factor for DM in our study but was found to be 

associated with incident IR.  Several explanations are possible for this finding.  HAART use, 

specifically protease inhibitors116, 131, 133, 134, 146, 267 as well as cumulative exposure to nucleoside 

reverse transcriptase inhibitors141, has been associated with elevated IR markers among HIV-

infected individuals.  It is also possible that our median follow-up time of 5 years was not long 

enough for IR to progress to DM, thus diminishing our ability to observe an association between 

DM and HAART use.  Likewise, simultaneous stratification by HIV and by HAART use reduced 

the sample size and limited the power to detect differences.  Finally, individual HAART 

regimens are heterogeneous with respect to effects on glucose metabolism100; therefore, using 

HAART as a drug exposure class may have reduced the effect of any individual medication or 

specific medication combinations. 

This study underscores the impact of diabetes definition on the incidence rates of DM, 

regardless of HIV infection.  The DM incidence rate in our study is lower than that initially 

published for the MACS 106 when using the more stringent diabetes definition; however when 

using the less stringent definition employed in our previous work106, the incidence rates were 

similar.  We previously reported a rate of 1.4 per 100 PY among HIV-uninfected men compared 

with our current findings of 0.9-2.9 per 100 PY depending on the definition used.  Similarly, for 
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HIV-infected men, the incidence rate of DM using the less stringent definition was comparable 

to our prior work (1.7 versus 2.5 per 100 PY in HAART naïve men106 and 4.7 versus 4.0 per 100 

PY in HAART users106). The additional requirement of a confirmatory fasting glucose 

substantially reduced these incidence rates (1.1 and 1.0 per 100 PY, respectively).   Other studies 

using confirmatory glucose concentrations also report low DM incidence rates.  Ledergerber et 

al.18  in their analysis of 6513 HIV-infected participants from the Swiss HIV Cohort Study, found 

a rate of 0.442 cases per 100 PY, while De Wit et al11 report a similar low incidence (0.572 per 

100 PY, 95% CI 5.31-6.13) in a cohort of 32,437 HIV-infected men and women in Europe, the 

US, Argentina, and Australia.   

The current study had two main limitations.  The number of persons developing DM was 

smaller than expected because of the stringent case definition that we used.  Thus, our power to 

detect differences may have been reduced, especially in analytic models stratified by HIV status.  

The secondary analyses using the less stringent definition increased the number of DM events; 

therefore our power to detect differences with this more sensitive and less specific definition was 

increased.  We also did not have the power to limit our analysis to men with normoglycemia at 

baseline; however mean physical function scores did not significantly differ between men with 

normoglycemia and men with pre-diabetes at baseline.   

Secondly, because the MACS never collected physical activity data, we were limited to 

the use of physical function.  Future studies with objective measures of physical activity are 

required to confirm our results. As previously discussed, numerous studies conducted among 

HIV-uninfected populations have established that physical activity levels are correlated with 

physical function performance.  Brach et al observed a correlation between pedometer readings  

and the Functional Status Questionnaire (r=0.34); the Physical Performance Test (r=0.41); and 
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gait speed (r=0.52) 15.  Cross-sectional and prospective studies suggest that low physical activity 

is an independent predictor of both measured and self-reported low physical function15-20.  While 

similar studies have not yet been conducted in HIV-infected cohorts, Roubenoff and Wilson 

reported an increase in physical function in HIV-infected patients with wasting who completed a 

resistance training program21.  Given these results, it is plausible to suggest that the men in our 

study with low physical function also had lower physical activity levels compared to men with 

higher physical function.   

 To our knowledge, this is the first prospective study to assess the contribution of physical 

function to incident DM and IR in a cohort that included both HIV-uninfected and HIV-infected 

men.   This study supports our previous findings that self-reported low physical function is an 

important risk factor DM in the MACS cohort.  These results underscore the clinical relevance of 

the association between physical function, BMI and DM.  Improved physical function in this 

population would likely result from an increase in physical activity and a decrease in BMI, two 

important factors known to reduce the incidence of DM.   Although future research using 

objective physical activity measures is necessary to further elucidate the contribution of low 

physical activity to DM and IR development in HIV-infected persons, ongoing studies 

addressing the issues of glucose metabolism in HIV-infected populations should include 

assessments of physical activity levels.   
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3.6 TABLES 

Table 9.  Characteristics of 1790 men at the index visit 

Characteristic Current Study 
Population 
(N=1790) 

HIV-uninfected 
(N=1023) 

HIV-infected 
(N=767) 

P-value 

Age, mean (range) 43.1 (18.2-82.6) 44.9 (18.2-82.6) 40.6 (19.6-68.9) <0.001* 
White subjects, No (%) 1042 (58.2) 710 (69.4) 332 (43.3) <0.001* 
Body mass index, mean ++ 25.9 26.3 25.4 <0.001* 
Glucose level, mg/dL (mean) 89.5 89.3 89.9 0.3 
Insulin, µU/ml (mean) 13.5 12.7 14.4 <0.001* 
HOMA, µU/ml x mmol/L 
(mean) 

3.1 2.9 3.3 <0.001* 

CD4 count, cells/mm3 764.1 930.8 540.7 <0.001* 
Physical function, mean 86.0 88.2 83.0 <0.001* 
Family history of DM, No (%) 555 (31.1) 300 (29.5) 255 (33.3) 0.2 
History of smoking, No (%) 1163 (66.0) 628 (62.0) 535 (71.4) <0.001* 
Abbreviations: HIV: human immunodeficiency virus; DM: diabetes mellitus; HOMA: homeostasis model 
assessment 
* P < 0.05 comparing the HIV-uninfected men with the HIV-infected men using the Chi-square test or the 
Student’s t-test, as appropriate 
++Calculated as weight in kilograms divided by the square of the height in meters. 
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Table 10.  Baseline characteristics of men with high and low physical function stratified by HIV serostatus 

Abbreviations: HIV: human immunodeficiency virus; HOMA: homeostasis model assessment; 
AIDS: acquired immunodeficiency syndrome; HAART: highly active antiretroviral therapy 
High physical function > 80; Low physical function < 80 
* P < 0.05 using the Chi-square test or the Student’s t-test, as appropriate 
++Calculated as weight in kilograms divided by the square of the height in meters 

 HIV-uninfected HIV-infected 
Characteristic High 

physical 
function 
(N=775) 

Low 
physical 
function 
(N=248) 

P-value High 
physical 
function 
(N=461) 

Low 
physical 
function 
(N=286) 

P-value 

Age, mean  44.0 47.7 <0.001* 40.4 41.0 0.3 
White subjects, No (%) 570 (73.5) 140 (56.5) <0.001* 253 (52.6) 79 (27.6) <0.001* 
Body mass index, mean ++ 26.2 26.6 0.2 25.3 25.4 0.9 
Glucose level, mg/dL (mean) 89.1 89.9 0.4 90.5 88.7 0.07 
Insulin, µU/ml (mean) 12.1 14.6 0.002* 14.3 14.7 0.7 
HOMA, µU/ml x mmol/L (mean) 2.7 3.3 0.003* 3.3 3.3 0.9 
CD4 count, cells/mm3 913.2 985.6 0.002* 565.3 499.4 0.003* 
Family history of DM, No (%) 232 (30.1) 68 (27.6) 0.4 158 (32.9) 97 (33.9) 0.9 
History of smoking, No (%) 446 (57.6) 182 (76.5) <0.001* 338 (70.2) 197 (73.5) 0.3 
AIDS, No (%) 
HAART use, No (%) 

N/A 
N/A 

N/A 
N/A 

N/A 
N/A 

25 (5.2) 
406 (84.5) 

43 (15.0) 
237 (82.9) 

<0.001* 
0.6 
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Table 11.  Cox regression for incident diabetes mellitus 

All men Stringent diabetes definitiona Less stringent diabetes definitionb 

 Physical 
Function HR 

95% Confidence 
Interval 

Physical 
Function HR 

95% Confidence 
Interval 

Model 1 (physical function) 1.34 1.13-1.59 1.34 1.22-1.50 
Model 2 (physical function, BMI) 1.24 1.04-1.49 1.30 1.17-1.44 
Model 3 (physical function, BMI, DM family history) 1.25 1.04-1.49 1.30 1.17-1.44 
Model 4 (physical function, BMI, DM family history, age) 1.24 1.04-1.49 1.30 1.17-1.44 
Model 5 (physical function, BMI, DM family history, age, race) 1.14 0.94-1.38 1.21 1.08-1.35 
HIV-uninfected men   
Model 1 (physical function) 1.50 1.22-1.83 1.43 1.25-1.63 
Model 2 (physical function, BMI) 1.36 1.08-1.73 1.33 1.15-1.56 
Model 3 (physical function, BMI, DM family history) 1.36 1.06-1.73 1.33 1.15-1.56 
Model 4 (physical function, BMI, DM family history, race) 1.31 1.02-1.66 1.29 1.11-1.50 
Model 5 (physical function, BMI, DM family history, race, age) 1.24 0.96-1.60 1.22 1.04-1.44 
Model 6 (physical function, BMI, DM family history, race, age, CD4) 1.23 0.94-1.63 1.20 1.02-1.41 
HIV-infected men   
Model 1 (physical function) 1.12 0.85-1.50 1.23 1.06-1.44 
Model 2 (physical function, BMI) 1.08 0.80-1.47 1.22 1.06-1.41 
Model 3 (physical function, BMI, age) 1.10 0.82-1.50 1.23 1.06-1.44 
Model 4 (physical function, BMI, age, race) 1.02 0.76-1.38 1.16 1.00-1.38 

Abbreviations: HR: hazard ratio; BMI: body mass index; DM: diabetes mellitus 
a DM defined using a confirmatory fasting glucose > 126 mg/dl 
b DM defined using a single fasting glucose > 126 mg/dl 
Note: physical function HR per 20 point decrease 
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Table 12.  Cox regression for incident insulin resistance 

All men 
 Physical Function HR 95% Confidence Interval 
Model 1 (physical function) 1.15 1.04-1.27 
Model 2 (physical function, BMI) 1.09 0.96-1.22 
Model 3 (physical function, BMI, age) 1.07 1.00-1.20 
Model 4 (physical function, BMI, age, DM family history) 1.15 1.02-1.30 
Model 5 (physical function, BMI, age, DM family history, HIV) 1.14 1.00-1.30 
HIV-uninfected men 
Model 1 (physical function) 1.20 1.04-1.38 
Model 2 (physical function, BMI) 1.00 0.84-1.17 
Model 3 (physical function, BMI, CD4) 1.01 0.84-1.17 
Model 4 (physical function, BMI, CD4, DM family history) 1.01 0.84-1.22 
HIV-infected men 
Model 1 (physical function) 1.08 0.94-1.25 
Model 2 (physical function, age) 1.07 0.94-1.25 
Model 3 (physical function, age, BMI) 1.11 0.96-1.30 
Model 4 (physical function, age, BMI, HAART) 1.10 0.94-1.27 

Abbreviations: HR: hazard ratio; BMI: body mass index; HAART: highly active antiretroviral therapy 
Insulin resistance was defined as the highest homeostasis model assessment (HOMA) quintile in our data (>4.3 µU/ml x mmol/L) 
Note: physical function HR per 20 point decrease 
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3.7 FIGURES

  

Figure 2.  Kaplan-Meier survival curve for incident DM among HIV-uninfected and HIV-infected men with high and low physical function at 

baseline using the more stringent definition of diabetes and less stringent definition of diabetes, respectively
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4.1 ABSTRACT 

Aims: To assess associations between self-reported physical function and performance-based 

measures of physical function, diabetes mellitus (DM), and insulin resistance (IR). 

Methods: We analyzed cross-sectional data from 2079 HIV-infected and uninfected men in the 

Multicenter AIDS Cohort Study (MACS).  DM was defined as a fasting glucose of >126 mg/dl 

or self-reported diagnosis of diabetes and use of diabetes medication.  IR was calculated using 

the homeostasis model assessment.  The Physical Functioning Ten Scale measured self-reported 

physical function.   Handgrip strength and gait speed were used as performance-based measures.  

Spearman rank order correlation coefficients and logistic regression models assessed 

relationships between measures of physical function, DM and IR. 

Results: Self-reported physical function and performance-based measures were weakly 

correlated.  (HIV-uninfected: ρ=0.12-0.23, p<0.01; HIV-infected ρ=0.16-0.24, p<0.01).  Among 

HIV-uninfected men, self-reported physical function was more strongly associated with DM than 

grip strength or gait speed.  This trend remained after adjustment for covariates (physical 

function AOR 1.22, p=0.14 vs grip strength AOR 1.13, p=0.14 in men with DM).  Among HIV-

infected men, handgrip strength was the only physical function measure associated with DM 

(AOR 1.16, p=0.06).  Self-reported physical function was significantly associated with IR in 

HIV-uninfected men in multivariate analysis (AOR=1.43, p<0.001).  None of the physical 

function measures were significantly associated in HIV-infected men with IR. 

Conclusions:  Our results suggest that both self-report and performance-based measures of 

physical function should be used in a complementary manner in order to gain a comprehensive 
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understanding of physical function among individuals with HIV-infection.  The associations 

between self-reported physical function and grip strength with DM and IR in the MACS support 

the need for prospective studies assessing these measures as markers for glucose disorders in 

HIV-infected populations.
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4.2 INTRODUCTION 

Older adults now comprise a greater proportion of HIV-infected individuals due to the success of 

highly active antiretroviral therapy (HAART) as well as an increase in new infections among 

adults older than age 5099, 219. It is necessary for researchers and clinicians to address not only 

HIV infection but also co morbidities associated with the normal aging process, which may be 

accelerated in HIV-infected individuals.260  In fact, Oursler et al demonstrated that co morbid 

conditions were associated with impaired physical function independent of HIV status220.   

Maintaining physical function has been shown to be a key aspect of healthy aging in the general 

population221 and will become more of a focus in HIV-infected individuals as HAART use 

continues to slow disease progression220.  Lower self-reported physical function has been 

observed among individuals with HIV infection and AIDS compared to HIV-uninfected 

counterparts231, 262.   

Self-report questionnaires provide insight into an individual’s perception of ability but 

are often influenced by psychosocial factors including mood, cognition, expectations, reporting 

bias, attitudes, and emotional distress223, 230.  Therefore, measures of self-report among HIV-

infected individuals may not accurately reflect an individual’s actual functional ability.  

Simmonds et al suggest that measured physical performance was worse among HIV-infected 

men and women compared with healthy individuals; however this study did not compare these 

results to self-reported function230.   

Studies of patients with fibromyalgia, low back pain, and rheumatoid arthritis have 

demonstrated that the relationship between self-report and performance-based physical function 
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measures ranges from fair to good223, 228, 268.  Similar studies have not yet been conducted in 

HIV-infected participants.  Clarifying this relationship may provide insight into the overlap 

between self-report and performance-based measures in this population.  This is important to 

gain a comprehensive understanding of physical function among individuals with HIV infection.   

Individuals living with HIV infection are faced with co-morbidities that are common in 

the general population.  Diabetes mellitus (DM) and insulin resistance (IR) are two such 

conditions.  To date, the etiology of DM and IR in HIV-infection remains unclear.  Traditional 

risk factors such as advancing age10, 269 and higher BMI10, 269 have consistently been reported and 

HIV specific risk factors such as HAART use100, 110 are thought to play a role.  We have shown 

that self-report physical function is associated with DM and IR in the Pittsburgh component of 

the Multicenter AIDS Cohort Study (MACS)262; however the role of performance-based 

functional measures has not been assessed in HIV-infected populations.   

Handgrip strength was negatively associated with fasting insulin levels (p=0.013) in a 

cohort of community-dwelling HIV-uninfected men and women245, 270.  In addition, the 

prospective analysis found that handgrip strength was predictive of fasting insulin 23 years after 

baseline adjusting for age, BMI, and ratio of abdominal girth to hip breadth245.  The authors 

suggest that skeletal muscle weakness may predict the development of IR and subsequent DM.  

Given our observation that self-reported low physical function in HIV-infected men is associated 

with DM and IR, it is plausible to suggest that markers of function such as grip strength and gait 

speed may also be associated with IR and DM in HIV-infected individuals.  It is imperative to 

identify early predictors of glucose disorders to help prevent the chronic complications 

associated with their progression22, 25.  This is especially important for individuals with HIV-

infection who are already at risk for physical disability due to HIV associated symptoms220. 
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 This cross-sectional study uses data from the Multicenter AIDS Cohort Study 

(MACS) to assess the correlation between self-reported physical function and performance-based 

measures of physical function including gait speed and grip strength.  It also compares 

multivariate models to determine if performance-based measures of physical function are more 

strongly associated with diabetes mellitus and insulin resistance than are self-reported measures. 

 

4.3 METHODS 

4.3.1 Study Participants 

All study participants were from the Multicenter AIDS Cohort Study (MACS).  The MACS is an 

ongoing multicenter (Baltimore, MD; Chicago, IL; Los Angeles, CA; and Pittsburgh, PA) natural 

history prospective cohort study of HIV infection.  It was designed to gather information on the 

epidemiology, virology, immunology, and pathology of HIV.  Homosexual and bisexual men 

aged > 18 years without AIDS were recruited from the local communities in three recruitment 

cycles (April 1984-March 1985; April 1987-September 1991; October 2001-August 2003).  The 

second and third cycles focused on increasing the proportion of minority participants. Briefly, 

the MACS follows a 6-month visit schedule and involves detailed data collection regarding 

medical history, physical examination, and collection of biological specimens. Institutional 

review boards at each site approved the MACS protocol, and each participant provided informed 

consent.  Further detail can be found in Kaslow et al and Silvestre et al 263, 271.   
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The current study includes subjects in the MACS cohort during visit 48 (October 1, 2007-

March 31, 2008).  This date was chosen for three reasons: 1) to ensure the completion of the 

third recruitment wave (October 2001-August 2003); 2) to ensure the inclusion of grip strength 

and gait speed data which was added during visit 44; 3) to ensure the inclusion of the self-report 

physical function questionnaire which is administered every other visit (even visits).  Two 

thousand seventy nine men from the MACS were eligible for inclusion in this analysis. 

4.3.2 Exposure: Measures of Physical Function 

4.3.2.1 Self-Report 

The Physical Functioning Ten (PF 10) Scale from the Medical Outcomes Study (MOS) Short 

Form-36 (SF-36) Health Survey measured self-reported physical function.  The SF-36 is one of 

the most widely used Health Related Quality of Life Instruments and consistently demonstrates 

high levels of both reliability and validity in HIV-uninfected249-251 and HIV-infected 

populations272-276.  Specifically, in the MACS cohort264, internal consistency estimates ranged 

from 0.85 to 0.86 depending on the SF-36 scale while the factor structure was found to be similar 

to previously documented factor structures in both the general population and in other diseases. 

This study includes data from PF 10 questionnaires administered at visit 48.  During the 

administration of the PF 10, participants were asked the following question regarding physical 

activities that might be done in a typical day: “Does you health now limit you in these activities?  

If so, how much?”  Participants chose between “Yes, limited a lot”, “Yes, limited a little”, or 

“No, not limited at all” for vigorous activities (running, lifting heavy objects); moderate 

activities (vacuuming, golf); lifting or carrying groceries; climbing several flights of stairs; 

climbing one flight of stairs; bending, kneeling, or stooping; walking more than a mile; walking 
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several blocks; walking one block; bathing or dressing (Table 1).  Each item was scored on a 0 to 

100 range as follows: 100= not limited at all; 50= limited a little; and 0= limited a lot, based on 

the RAND scoring method252.  A mean score for the 10 activities was then calculated to 

determine an overall score for the PF 10 ranging from 0 to 100 with a score of 100 indicating 

that a participant’s health did not limit his ability to complete the physical activity tasks.  Thus, a 

lower score indicates lower physical function.   

4.3.2.2 Performance-based 

Handgrip strength and gait speed were used as performance-based measures of physical function 

and strength.  Grip strength was measured using a calibrated, Jamar dynamometer.  Each 

participant was asked to place his dominant arm on a table at a 90 degree angle to his body and 

to squeeze the dynamometer as hard as possible.  Three measurements of grip strength were 

taken with the dynamometer reset to zero prior to each reading.  A mean of the three 

measurements was calculated for each participant to obtain his overall grip strength (in 

kilograms).  Normal grip strength for adult males aged 40-75+ ranges from 29.8-53.0 kg 

depending upon age277.  

Gait speed was measured using a 4-meter walking course.  Participants were instructed to 

place their feet with their toes behind, but touching, the start line and to walk at their usual pace 

from a standing start.  Participants completed the walk twice.  Gait speed was determined by 

dividing the distance walked in meters by the time in seconds.  A mean of the 2 gait speeds was 

calculated for use in the analysis.  Normal gait speed for adults ranges from 1.2-1.3 m/s278, 279.  
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4.3.3 Outcome: Diabetes Mellitus and Insulin Resistance 

Diabetes was defined as either a fasting glucose concentration of >126 mg/dl or self-reported 

diagnosis of diabetes and use of diabetes medications; consistent with the Center for the Analysis 

and Management of the MACS Data (CAMACS) algorithm for prevalent DM.   Self-reported 

DM was determined using the following questions: “Since your last visit have you been told by a 

practitioner that you have diabetes?”; “Have you ever been told that you have high blood sugar 

or diabetes?”; “Have you seen a doctor or other medical practitioner for any condition since your 

last visit? If yes, was there a diagnosis for your condition?”  Men who listed a diagnosis of 

diabetes were included.  Antidiabetic medication use was obtained from a report of medications 

used since the previous visit.  A fasting glucose concentration of > 126 mg/dl is consistent with 

American Diabetes Association Guidelines22.  

Insulin concentrations were also obtained from the fasting serum samples.  Insulin 

resistance was estimated using the homeostasis model assessment (HOMA): (fasting insulin 

[(µU/ml] x fasting glucose [mmol/L)]/22.5248.  Glucose levels were converted to mmol/L by 

dividing mg/dl by 18.  Insulin resistance was defined by the highest HOMA quintile in our data 

(> 4.29 µU/ml x mmol/L). 

4.3.4 Covariates 

Covariates of interest, taken from visit 48,  included age, race (white/non-white), HIV status, 

AIDS status, HAART status (yes/no), lipoatrophy257, CD4 count, body mass index (BMI), and 

family history of DM.  Lipoatrophy was defined as examiner observed moderate or severe 
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atrophy in at least one of the following four sites: face, arm, leg, buttocks.  These covariates were 

chosen because of their association with physical function or diabetes development253, 254.    

4.3.5 Data Analysis 

SAS Version 9.2 was used for all statistical analyses.  Chi-square tests and the Student’s t-test 

were used to test for differences in proportions and distributions of physical function measures, 

covariates and disease status between HIV serostatus groups.  The relationship between self-

reported and performance-based measures of physical function was examined using Spearman 

rank order correlation coefficients.   

Univariate logistic regression analysis was performed to assess unadjusted associations 

between covariates and the outcomes of interest, DM and IR.  Multivariate logistic regression 

models using a stepwise methodology were constructed to assess the independent association 

between self-report physical function, gait speed and handgrip strength with diabetes and insulin 

resistance after adjusting for important covariates.  Covariates with a p-value of < 0.3 in 

univariate analysis were chosen for the multivariate models.  Among the chosen covariates from 

univariate analysis, those with a p-value < 0.25 initially entered the model while covariates with 

p-values of < 0.15 remained in the final model. 

4.4 RESULTS 

The characteristics of the 2079 men at visit 48, stratified by HIV serostatus, are presented in 

Table 13.  Of these men, 1082 were HIV-uninfected and 997 were HIV-infected.  The HIV-
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infected men were younger, had a lower mean BMI, a higher percentage of non-white 

participants, and lower CD4 counts compared with their HIV-uninfected counterparts.  Family 

history of DM was similar between the 2 groups.  Glucose levels did not differ significantly 

between HIV-serostatus groups; however both fasting insulin levels and mean HOMA were 

higher in HIV-infected men.  The proportion of men with DM and IR did not differ by HIV 

serostatus.  Although mean self-reported physical function scores were lower in the HIV-infected 

men compared with the HIV-uninfected men (84.6 and 87.5 respectively, p=0.004), grip strength 

was higher men with HIV infection (39.4 kg versus 38.4 kg, p=0.03).  Mean gait speed was 

identical in both groups (1.1 m/sec).  Of the HIV-infected men, 14.7% had AIDS, 16.1% had 

lipoatrophy, and 89.9% were using HAART at visit 48. 

The correlations between self-report physical function and the performance-based 

measures, although significant, were weak regardless of HIV serostatus (Table 14).  The weakest 

of these associations was the correlation between gait speed and handgrip strength (ρ=0.07, 

p<0.01, all men).  The correlations between PF-10 score and handgrip strength were higher 

(ρ=0.14, p<0.01, all men).  This association was somewhat stronger in HIV-infected men than in 

HIV-uninfected men (ρ=0.16 and ρ=0.12 respectively).  The strongest of the associations was 

observed between PF-10 score and gait speed (ρ=0.23, p<0.01, all men).   The correlations were 

similar in HIV-infected versus HIV-uninfected men (ρ=0.24 and ρ=0.23 respectively). 

Table 15 shows mean PF-10 scores for men with the slowest gait speed and weakest 

handgrip (Quartile 0-25%), men with intermediate gait speed and intermediate grip handgrip 

(Quartiles 25-75%), and men with the fastest gait speed and strongest handgrip (Quartile (75-

100%) stratified by HIV serostatus.  Men who did not fall into one of these categories were not 

included.  Self-report physical function did not differ by HIV-status in any of the quartiles.  The 
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scores were higher among the men with the fastest gait speed and strongest grip strength 

compared to the men with the slowest gait and weakest grip.  This trend was most pronounced in 

the HIV-infected men with a difference of 15 between the highest and lowest quartiles (93.20 

versus 78.46).  HIV-infected men had lower self-reported physical function scores in each of the 

quartiles, although these differences were not significant. 

In univariate analysis (Table 16), lower physical function score (odds ratio (OR): 1.40 per 

20 unit decrease, 95% CI 1.22-1.50), weaker grip strength (OR: 1.19 per 5 unit decrease, 95% CI 

1.05-1.29), older age (OR: 1.21 per 5 year increase, 95% CI 1.10-1.34), higher BMI (OR: 1.10 

per unit increase, 95% CI 1.06-1.13), and non-white race (OR: 1.68, 95% CI 1.21-2.33) were 

associated with DM among all men.  Family history of DM, HIV serostatus, CD4 count, gait 

speed (per unit decrease) and the first-order interaction between HIV serostatus and physical 

function score were not associated with DM in univariate analysis.  However, in multivariate 

analysis, HIV serostatus (adjusted odds ratio (AOR): 2.05, 95% CI 1.27-3.33) became 

significantly associated with DM in addition to weaker grip strength (AOR: 1.13 per 5 unit 

decrease, 95% CI 1.05-1.29), older age (AOR: 1.30 per 5 year increase, 95% CI 1.16-1.47), 

higher BMI (AOR: 1.10 per unit increase, 95% CI 1.06-1.15), and non-white race (AOR: 1.98, 

95% CI 1.24-3.18).  Self-reported physical function (AOR: 1.19 per 20 unit decrease, 1.00-1.50) 

and CD4 count (AOR 1.04 per 100 unit increase, 95% CI 1.00-2.70) were of borderline 

significance.   

Similar covariates were also significantly associated with DM in univariate and 

multivariate analysis among HIV-uninfected men.  Lower physical function score (OR: 1.55 per 

20 unit decrease, 95% CI 1.22-1.84), weaker grip strength (OR: 1.20 per 5 unit decrease, 95% CI 

1.05-1.36), older age (OR: 1.19 per 5 year increase, 95% CI 1.05-1.34), higher BMI (OR: 1.14 
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per unit increase, 95% CI 1.09-1.20), non-white race (OR: 2.05, 95% CI 1.27-3.32), and CD4 

count (OR: 1.11 per 100 unit increase, 95% CI 1.00-2.70) were associated with DM in univariate 

analysis.  In multivariate analysis, there were borderline significant trends towards associations 

between DM and lower physical function score (AOR: 1.22 per 20 unit decrease, 95% CI 1.00-

1.50) and weaker grip strength (AOR: 1.13 per 5 unit decrease, 95% CI 0.95-1.36).  Older age, 

higher BMI, non-white race and CD4 count all remained significantly associated with DM in 

multivariate analysis. 

Among HIV-infected men, only lower physical function score (OR: 1.25 per 20 unit 

decrease, 95% CI 1.00-1.50), weaker grip strength (OR: 1.20 per 5 unit decrease, 95% CI 1.05-

1.36), and older age (OR: 1.32 per 5 year increase, 1.16-1.54) were associated with DM in 

univariate analysis.  Lipoatrophy was not associated with DM in univariate analysis.  In 

multivariate analysis, older age (AOR: 1.37 per 5 year increase, 95% CI 1.16-1.69) was the only 

covariate to remain significantly associated with DM.  Self-reported physical function did not 

remain in the model while non-white race (AOR: 1.87, 95% CI 1.00-3.48) and weaker grip 

strength (AOR: 1.17 per 5 unit decrease, p=0.06) and BMI (AOR: 1.06 per unit increase, 95% CI 

0.99-1.13) were of borderline significance.   

Table 16 also shows univariate and multivariate associations with IR.  Among all men, 

physical function score (AOR: 1.24 per 20 unit decrease, 95% CI 1.22-1.50), BMI (AOR: 1.23 

per unit increase, 95% CI 1.19-1.27), older age (AOR: 1.09 per 5 year increase, 95% CI 1.00-

1.16) and HIV serostatus (AOR: 1.88, 95% CI 1.37-2.58) were significantly associated with IR 

in multivariate analysis. 

In HIV-uninfected men, physical function score (AOR: 1.45 per 20 unit decrease, 95% CI 

1.22-1.84), BMI (AOR: 1.27 per unit increase, 95% CI 1.20-1.33), and CD4 count (AOR: 1.00 
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per 100 unit increase, 95% CI 1.00-2.70) were all associated with IR in the multivariate model.  

Finally, among HIV-infected men, BMI (AOR: 1.17 per unit increase, 95% CI 1.11-1.22) was 

the only variable significantly associated with IR in multivariate analysis; however there were 

also non-significant trends towards associations with IR and older age (AOR: 1.12 per 5 year 

increase, 95% CI 0.95-1.28) and non-white race (AOR 1.08, 95% CI 0.97-1.21). 

4.5 DISCUSSION 

This study is one of the first to assess the association between self-reported and performance-

based measures of physical function in HIV-infected men and to assess these measures as risk 

factors for DM and IR.  Significant but weak associations were found between gait speed and 

grip strength with the SF-36 PF-10 scale. Correlations were slightly higher among HIV-infected 

men. The weak correlations observed in our study suggest that self-reporting of physical abilities 

may not accurately reflect an individual’s actual functional ability, regardless of HIV serostatus, 

but that other psychosocial factors such as mood, cognition, expectations, attitudes, and 

emotional distress may also play an important role in an individual’s perception of function223. 

The strongest association was observed between gait speed and the PF-10, regardless of 

HIV serostatus.  This was not surprising given the nature of the PF-10 questionnaire.  The 

majority of items (6 of the 10) on the PF-10 scale focus on the lower extremities, specifically on 

walking distances and stair climbing; therefore a stronger correlation with gait speed was 

expected.   

Numerous studies have assessed the association between self-report and performance-

based measures of physical function in HIV-uninfected populations.  The results across studies 
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are comparable to our findings and suggest that performance-based measures are low to 

moderately correlated with measures of self-report222-227.  Correlation coefficients in studies 

among older adults, patients with low back pain, and patients with fibromyalgia were similar and 

ranged from 0.1 to 0.6 depending on the task and self-report questionnaire used222, 223, 226, 228, 229. 

Lee et al, in their cross-sectional analysis of men and women with low back pain, reported 

correlations ranging from -0.09 to -0.41 between the Roland-Morris Disability Questionnaire and 

a physical performance test battery223.  Mannerkorpi et al found slightly higher correlations in 

their study of women with fibromyalgia228.  Their six-minute walk test and measure of handgrip 

strength showed fair to good correlations with the SF-36 PF-10 scale (ρ=0.48 and ρ=0.52, 

respectively).  It is important to note that this study was conducted entirely in women, making 

comparisons with our study limited.   

The lack of a stronger correlation is likely due to the fact that performance-based and 

self-report measures assess different aspects of the physical function construct226.  While 

performance-based measures examine an individual’s actual ability to complete a task through 

performance observation, measures of self-report rely on an individual’s perception of his or her 

ability to complete the task226.  Given these results, it is reasonable to suggest that the most 

accurate method of measuring physical function in HIV-infected populations may be a 

complementary approach using both self-report and performance-based measures as subjective 

measures may provide useful information beyond that obtained solely on observation226.  The 

relatively weak correlations reported in our study coupled with no better than moderate-to-good 

correlations in the above studies support the notion that psychosocial factors may be involved in 

self-reported physical function among HIV-infected individuals223.  
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Interestingly, the results of our study indicate that the performance-based measures of 

physical function were similar in HIV-infected and HIV-uninfected men despite significantly 

lower self-reported scores in the HIV-infected men.  Our study suggests that, in the MACS 

cohort, HIV serostatus did not have an effect on actual physical performance but did impact a 

participant’s perception of his functional abilities.  A few explanations for this finding are 

possible.  Firstly, individuals living with a chronic disease, specifically one that is present for a 

prolonged period of time and that is influenced by waxing and waning symptoms may make it 

difficult for an individual to judge functional declines230.  Secondly, the psychosocial impact of 

living with a chronic disease on mood, cognition, expectations, reporting bias, attitudes, and 

emotional distress may influence an individual’s perception of his functional ability227.  Finally, 

the potential side effects of HAART such as nausea, diarrhea, and vomiting280 may influence 

self-reported physical function without impacting actual physical performance.  Regardless, the 

similarity in physical function between the HIV-uninfected and infected men is encouraging and 

indicates that men infected with HIV are capable of functioning at levels that comparable with 

their HIV-uninfected peers. 

Previous studies report conflicting results when comparing physical function in HIV-

infected and uninfected populations.  Simmonds et al utilize both performance-based and self-

reported measures in their study of the differential influence of pain and fatigue on physical 

performance in HIV-infected men and women230.  Their study suggests that physical 

performance among HIV-infected individuals was much lower than “age-equivalent healthy 

patients.”  However, a large percentage of their population (48%) were classified as having 

AIDS and may represent a sicker, thus more functionally impaired cohort of HIV-infected 

individuals compared with the men in the MACS cohort.  In contrast, two studies by Oursler et al 
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found similar levels of physical functioning among HIV-infected and HIV-uninfected 

participants.  Their found no significant difference in the unadjusted mean physical disability 

score when stratified by HIV serostatus (p=0.4)220.  In addition, the proportion of participants 

who reported difficulties with basic activities of daily living (ADLs), mobility, and vigorous 

activities was similar in HIV-infected and uninfected participants (p>0.05 for all activities).  A 

second study by Oursler utilized functional performance testing234.  They found that the mean 6-

min walk distance was reduced only 8% in HIV-infected men compared to expected values for 

healthy adults (adjusted for age, gender, and BMI).  After stratification by age, only the middle-

aged (50-59 years) HIV-infected men had significantly reduced grip strength as compared to 

published values for healthy men of similar age (p=0.02).  Grip strength was reduced by 10% 

(41.3 kg vs. 46.2 kg) in HIV-infected adults using a weighted average.  Finally, a study by Bauer 

et al compared measures of balance and gait between 78 HIV-uninfected volunteers to 28 HIV-

infected participants receiving no antiretroviral therapy, 25 receiving only nucleoside analogue 

therapy, and 37 participants receiving HAART235.  They found no significant differences in 

measures of proximal strength, gait speed and cadence between any of the groups.   

The results of our logistic regression analysis indicate that, in the MACS cohort, self-

report physical function appears to be more strongly associated with DM and IR than either grip 

strength or gait speed. These results are consistent with our previously published findings that 

self-report physical function is associated with DM and IR in HIV-infected and uninfected 

men262.   The unadjusted OR was higher for the self-report physical function measure compared 

with grip strength regardless of HIV serostatus.  This trend remained after adjustment for 

covariates; however grip strength among all men was the only physical function covariate 

significantly associated with DM in the multivariate model.  Conversely, self-report physical 
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function score the only measure of physical function significantly associated with IR in all men 

and HIV-uninfected men.  None of the physical function measures where associated with IR in 

the HIV-infected men.  Gait speed was not associated with either IR or DM, likely due to the 

small standard deviation range in both HIV-infected (1.1 m/sec + 0.19) and HIV-uninfected (1.1 

m/sec + 0.18) men.  A recent study by Brach et al found an association between gait speed and 

diabetes; however comparisons with our study are difficult given their much older population 

(mean age 79 years).  

One possible explanation for our findings that self-reported physical function was more 

strongly associated with DM is that individuals living with a chronic disease such as DM may 

perceive their functional abilities to be lower than actual performance. The weak correlations 

between self-report measures and grip strength in our study support this notion.  Interestingly, 

self-reported physical function was not associated with having the combination of both DM and 

HIV in multivariate analysis; however it is possible that, due to limited power, the strength of 

traditional risk factors such as age, BMI, and race outweighed any association with self-report 

physical function.  Finally, it is possible that the questions on the PF-10 that addressed the 

difficult physical function tasks (i.e. ability to walk 1 mile) were able to capture participants with 

more severe functional limitations as compared with the simpler gait speed and grip strength 

measures. 

Despite its slightly weaker association with DM, the inclusion of grip strength in all DM 

models deserves attention.  The borderline significant association among HIV-infected men is of 

particular interest.  This suggests that lower skeletal muscle strength among these men may serve 

as a marker for DM.  Insulin-mediated glucose uptake takes place mostly in skeletal muscle and 

is directly related to the amount of muscle mass while inversely associated with fat mass.  
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Skeletal muscle is an important site for the disposal of glucose during carbohydrate loading 

which appears to be assisted by insulin.  Therefore, it is biologically plausible that changes in the 

physiology of skeletal muscle may result in lower levels of muscle strength, peripheral 

sensitivity to insulin with decreased tolerance to carbohydrate loading and thus eventual  

DM3, 6, 245. 

Although prospective studies are necessary to verify associations between low grip 

strength and the development of diabetes, our result is encouraging because identifying early 

functional markers of glucose disorders may help prevent further functional declines and chronic 

complications associated with their progression22, 25.   This is essential for individuals with HIV-

infection who are already at risk for physical disability due to HIV associated symptoms220.  

However, it is important to note that the lack of association between grip strength and IR may 

indicate that the decreased strength observed in men with DM is a result of complications 

associated with diabetes itself or that the decrease in strength occurs somewhere in the 

continuum between IR and DM.  

Few studies have assessed measures of physical function as risk factors for glucose 

disorders despite recent literature showing that the loss of muscle mass and strength with age is 

associated with type 2 DM238, 242.  None of these studies were conducted in HIV-infected 

populations.  Lazarus et al examined the cross-sectional and prospective relationships between 

handgrip strength and fasting insulin levels in 655 men from the Normative Aging Study 

cohort245.  Although handgrip strength was not significantly correlated with unadjusted fasting 

insulin levels (r=-0.06), a negative cross-sectional association was observed after adjustment for 

confounders (p=0.013).  In their prospective analysis, higher baseline handgrip values predicted 

lower fasting insulin levels twenty years later (p=0.017).  The authors suggest that skeletal 
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muscle weakness serves as a marker for an increased risk of hyperinsulinemia and may 

ultimately predict the development of insulin resistance.  A cross-sectional study by Sayer et al 

assessed the relationship between grip strength and metabolic syndrome in 1684 men and women 

born in Hertfordshire United Kingdom.  The HOMA formula was used a marker of IR while  

DM and IGT were classified using a 2 hour glucose concentration.  They reported a significant 

association between lower handgrip strength and a higher 2 hour glucose (0.07 standard 

deviation increase, p=0.001) and with an increased HOMA. 

When interpreting our findings, the limitations of the study must be considered.  Given 

the cross-sectional design, the direction of the association between measures of physical function 

and DM and IR cannot be determined.  Therefore, it is possible that the lower physical function 

scores and handgrip values are a result of the diabetes, rather than a precursor to its onset.  

Current literature does imply that complications associated with DM and IR may lead to 

functional impairments and reduced muscular strength236, 237, 239, 240, 242.  However, Lazarus et al, 

report a prospective association between grip strength and elevated fasting insulin levels and 

suggest a biologically plausible link between lower muscular strength and the development of 

IR245.   In addition, the fasting glucose measurements used to define a diabetes case were taken 

from visit 48 only and were not confirmed at a subsequent visit.  Therefore, it is possible that 

misclassification of DM cases occurred, potentially over-inflating relationships between 

covariates and the DM outcome.  We were unable to complete a prospective analysis which 

would have allowed us to confirm glucose concentrations because gait speed and grip strength 

were not added until visit 44 (October 1, 2005-March 31, 2006).  The short period of follow-up 

substantially limited our power; therefore, a cross-sectional analysis was necessary.  Future 



118 

research using prospective studies is essential to further assess the role of performance-based 

measures of physical function as risk factors for DM and IR in HIV-infected populations. 

Our findings show that among HIV-infected men, self-report physical function and 

performance-based measures correlate weakly.  Therefore, each component may provide 

independent information with respect to the physical function construct indicating that both types 

of measures should be used in a complementary manner in order to gain a comprehensive 

understanding of physical function among individuals with HIV-infection.   

In addition, self-report physical function and upper limb weakness were found to be associated 

with DM in the MACS men indicating that early interventions aimed at increasing function and 

strength may help to attenuate DM risk.  Our results support the need for prospective studies 

assessing these measures as markers for glucose disorders in HIV-infected populations
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4.6 TABLES 

Table 13.  Characteristics of 2079 men at visit 48 

Characteristic HIV-uninfected 
(N=1082) 

HIV-infected 
(N=997) 

P-value 

Age, mean (range) 52.8 (22.7-82.8) 49.5 (22.7-79.5) <0.0001+ 
White subjects, No (%) 836 (77.3) 632 (63.4) <0.0001+ 
Body mass index, mean ++ 27.1 25.5 <0.0001+ 
Glucose level, mg/dL (mean) 101.4 101.0 0.8 
Prevalent diabetes, No (%) 88 (11.7) 87 (14.1) 0.18 
Insulin, µU/ml (mean) 13.4 15.4 0.006+ 
HOMA, µU/ml x mmol/L (mean) 3.5 4.0 0.05+ 
Insulin resistance*, No (%) 167 (22.2) 166 (26.2) 0.08 
CD4 count, cells/mm3 937.2 563.0 <0.0001+ 
Physical function, mean + SD 
Grip strength, kg mean + SD  
Gait speed, m/sec mean + SD 

87.5 + 21.2 
38.4 + 8.62 
1.1 + 0.18 

84.6 + 22.6 
39.4 + 8.99 
1.1 + 0.19 

0.004+ 

0.03+ 
0.6 

Family history of DM, No (%) 29 (3.2) 19 (2.2) 0.4 
History of smoking, No (%) 595 (57.5) 582 (62.3) 0.03+ 
AIDS, No (%) N/A 146 (14.7) N/A 
Lipoatrophy, No (%) N/A 132 (16.1) N/A 
HAART, No (%) N/A 896 (89.9) N/A 
Abbreviations: HIV: human immunodeficiency virus; HOMA: homeostasis model assessment;  
DM: diabetes mellitus; AIDS: acquired immunodeficiency syndrome; HAART: highly active 
antiretroviral therapy: SD; standard deviation 
*Insulin resistance defined as the highest HOMA quintile in our data (> 4.29 µU/ml x mmol/L). 
+ P < 0.05 comparing the HIV-uninfected men with the HIV-infected men using the Chi-square 
test or the Student’s t-test, as appropriate 
++Calculated as weight in kilograms divided by the square of the height in meters.
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Table 14.  Relationships between self-report and performance-based measures of physical function by Spearman rank order 

correlations stratified by HIV serostatus 

 All men  HIV-uninfected men  HIV-infected men  
 PF-10 

score 
Gait 

Speed 
Handgrip 
Strength 

PF-10 
score 

Gait 
Speed 

Handgrip 
Strength 

PF-10 
score 

Gait 
Speed 

Handgrip 
Strength 

PF-10 scale - 0.23* 0.14* - 0.23* 0.12* - 0.24* 0.16* 
Gait Speed  - 0.07*  - 0.04  - 0.09+ 

Abbreviations: PF-10: Physical Functioning Ten; HIV: human immunodeficiency virus 
*P<0.01 
+P<0.05 

 

Table 15.  Mean self-reported physical function ten scores by gait speed and handgrip strength quartile, stratified by HIV 

serostatus 

 All men 
 

HIV-
uninfected 

HIV-
infected 

P-value++ 

 Mean physical function ten score 
Slowest gait speed and weakest handgrip (Quartile 0-25%), N=596 80.78 82.75 78.46 0.08 
Intermediate gait speed and intermediate handgrip (Quartiles 25-75%), N=377 88.80 89.78 87.77 0.29 
Fastest gait speed and strongest handgrip (Quartile 75-100%), N=91 93.68 94.27 93.20 0.71 
Abbreviations: HIV: human immunodeficiency virus 
++ P value comparing the HIV-uninfected men with the HIV-infected men  
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Table 16.  Logistic regression analysis of factors associated with diabetes and insulin resistance among HIV-uninfected and HIV-infected men at visit 48 

Risk Factor Unadjusted OR 
 

95% CI AOR 
 

95% CI Unadjusted OR 
 

95% CI AOR 
 

95% CI 

 Diabetes  Insulin resistance (HOMA-IR)  
All men 
Physical function-10 score+ 1.40 1.22-1.50 1.19 1.00-1.50 1.31 1.22-1.50 1.24 1.22-1.50 
Handgrip strength++ 1.19 1.05-1.29 1.13 1.05-1.29 1.00** 0.91-1.11   
Gait speed 1.01* 0.43-3.09   1.97** 0.91-4.26   
Age+++  1.21 1.10-1.34 1.30 1.16-1.47 1.04 0.95-1.10 1.09 1.00-1.16 
BMI 1.10 1.06-1.13 1.10 1.06-1.15 1.21 1.18-1.25 1.23 1.19-1.27 
HIV Status 1.24 0.90-1.71 2.05 1.27-3.33 1.25 0.98-1.60 1.88 1.37-2.58 
Race (reference: white) 1.68 1.21-2.33 1.98 1.24-3.18 1.42** 1.09-1.85   
Family DM 1.12* 0.81-1.56   1.12** 0.86-1.44   
CD4++++ 1.04 1.00-2.70 1.07 1.00-2.70 1.03** 1.00-2.70   
HIV-uninfected men 
Physical function-10 score+ 1.55 1.22-1.84 1.22 1.00-1.50 1.54 1.22-1.84 1.43 1.22-1.84 
Handgrip strength++ 1.20 1.05-1.36 1.13 0.95-1.36 1.03** 0.91-1.16   
Gait speed 0.54* 0.14-2.11   2.81** 0.94-8.40   
Age+++ 1.19 1.05-1.34 1.26 1.05-1.47 1.05** 0.95-1.16   
BMI 1.14 1.09-1.20 1.13 1.07-1.19 1.30 1.23-1.36 1.27 1.20-1.33 
Race (reference: white) 2.05 1.27-3.32 2.27 1.13-4.55 1.55** 1.04-2.31   
Family DM 0.57* 0.70-1.74   1.07** 0.75-1.52   
CD4++++ 1.11 1.00-2.70 1.09 1.00-2.70 1.10 1.00-2.70 1.00 1.00-2.70 
HIV-infected men  
Physical function-10 score+ 1.25* 1.00-1.50   1.10** 1.00-1.22   
Handgrip strength++ 1.20 1.05-1.36 1.17 1.00-1.50 1.00** 0.86-1.11   
Gait speed 2.60* 0.62-10.87   1.39** 0.47-4.10   
Age+++ 1.32 1.16-1.54 1.37 1.16-1.69 1.07 0.95-1.16 1.12 0.95-1.28 
BMI 1.04 0.98-1.11 1.06 0.99-1.13 1.16 1.11-1.22 1.17 1.11-1.22 
Race (reference: white) 1.33 0.84-2.12 1.87 1.00-3.48 1.24 0.86-1.79 1.08 0.97-1.21 
Family DM 1.15* 0.72-1.85   1.19** 0.82-1.72   
CD4++++ 1.02* 0.36-2.70   1.01** 0.36-1.00   
AIDS 1.24* 0.66-2.31   1.14** 0.69-1.88   
Lipoatrophy 1.03* 0.54-1.97   1.07** 0.64-1.78   
HAART 1.53* 0.64-3.68   1.37** 0.70-2.66   

 OR: odds ratio; AOR: adjusted odds ratio; BMI: Body mass index; HOMA-IR: homeostasis model assessment insulin resistance, CI: confidence interval 
 + per 20 unit decrease; ++ per 5 kg decrease, +++ per 5 year increase, ++++ per 100 unit increase 
 *Variable did not remain in the final diabetes multivariate model, **Variable did not remain in the final insulin resistance multivariate model.
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5.0  CONCLUSION 

In these studies, we used data from the Pitt Men’s Study and the Multicenter AIDS Cohort Study 

to investigate the associations of measures of physical function, as a correlate of physical 

activity, with diabetes mellitus and insulin resistance in both HIV-uninfected and HIV-infected 

men by addressing five aims.  This work is important because, to date, the published literature 

assessing the risk factors for glucose disorders in HIV-infected populations has not accounted for 

physical function or physical activity level, despite the known association in the general 

population.   

Our first goal was to investigate the role of self-reported low physical function as a risk 

factor for prevalent and incident diabetes mellitus among HIV-infected and HIV-uninfected men.  

Our results suggest that self-reported low physical function was associated with prevalent DM, 

independent of HIV status.  After adjustment for age and race, physical function remained 

significantly associated with DM prevalence such that for every 25 unit decrease in physical 

function score, the odds of having DM increased by 50% (p<0.05).  Similar findings were 

observed for incident diabetes; however stratification by HIV status and adjustment for 

covariates attenuated these results such that the physical function HR was reduced in HIV-

uninfected men (adjusted HR 1.23, 95% CI 0.94-1.23) and in HIV-infected men (unadjusted HR 

1.12, 95% CI 0.85-1.50)   Further, the choice of diabetes definition impacted our findings such 

that physical function was not associated with incident DM in HIV-infected men using a more 
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stringent definition, but was a significant risk factor when less stringent criteria were employed.  

This finding highlights the importance of careful consideration when choosing case definitions as 

well as the importance of proper interpretation of findings.   Interestingly, unlike previously 

published literature102-106, our research did not find a link between HAART use and incident 

diabetes among our study cohort, but instead found that, similar to the general population, the 

risks for diabetes included older age, non-white race, higher BMI and lower physical function 

level regardless of HAART use.  Our lack of an association with HAART is likely due to our use 

of HAART as a drug exposure class which may have reduced the effect of any individual 

medication or specific medication combinations. 

The second aim was to investigate the role of self-reported low physical function as a risk 

factor for prevalent and incident insulin resistance among HIV-infected and HIV-uninfected 

men; however results were contrary to our hypothesis.  Physical function was significantly 

associated with prevalent IR in univariate analysis in the Pitt Men’s Study Cohort; however it did 

not remain a significant risk factor after adjustment for covariates.  This result was replicated 

using MACS population.  Physical function was associated with IR among all men and among 

HIV-uninfected men in univariate, but not multivariate, analysis.  However, among HIV-infected 

men, physical function not significantly associated with IR even in univariate analysis.  The 

strength of the more traditional as well as HIV-specific risk factors in multivariate analysis may 

partially explain these findings.   

Our third aim was to compare incidence rates of diabetes in HIV-infected and HIV-

uninfected men with low physical function to rates in HIV-infected and HIV-uninfected men 

with high physical function.  Our results were consistent with the stated hypothesis.  The 

cumulative incidence of DM was highest among HIV-uninfected men with low physical function 
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and next highest in HIV-infected men with low physical function and lowest HIV-infected and 

uninfected men with high physical function, regardless of the stringency of the diabetes 

definition employed.  This finding is important because it shows that both HIV-infected and 

HIV-negative men with high physical function were more likely to remain diabetes free for a 

longer period of time.  Therefore, interventions aimed at increasing and maintaining high levels 

of physical function may reduce the number of new diabetes cases and limit the disabling effects 

of chronic diabetes. 

The goal of aim four was to assess the relationship between self-reported and 

performance-based measures of physical function in HIV-infected and HIV-uninfected men.  

Based on published literature in HIV-uninfected populations with chronic diseases222-228, we 

expected moderate correlations (ρ=0.25-0.5); however we found a slightly weaker correlation in 

our cohort for both HIV-uninfected (ρ=0.12-0.23) and HIV-infected men (ρ=0.16-0.24).  Our 

relatively heterogeneous sample of men may partially explain these findings.  In addition, 

comparisons with other studies are difficult due to the utilization of differing self-report 

questionnaires and performance-based measures from the comparison studies.  The relatively 

weak correlations reported in our study support the notion that psychosocial factors are important 

in self-reported physical function among HIV-infected individuals223 Therefore, it is likely that 

the most accurate measure of physical function in HIV-infected populations is a complementary 

approach that uses both self-report and performance-based measures. 

Finally, in aim five, our goal was to construct multivariate models to determine whether 

self-report or performance-based measures of physical function are more strongly associated 

with prevalent diabetes mellitus and insulin resistance in HIV-infected and HIV-uninfected men. 

Contrary to our hypothesis, we found that self-reported physical function, rather than the 
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performance-based measures, was more strongly associated with DM and IR.  The unadjusted 

OR was higher for self-report physical function compared with grip strength regardless of HIV 

serostatus.  This trend remained after adjustment for covariates.  Gait speed was not associated 

with diabetes or insulin resistance in either HIV-infected or uninfected men.  The perception of 

physical function compared with actual performance due to living with a chronic disease may 

partially explain these findings.  While the cross-sectional design of our study limited the 

directionality of our findings, the inclusion of both self-reported physical function and grip 

strength in the DM models supports the need for future prospective studies. 

5.1 FUTURE RESEARCH 

These studies suggest that low physical function, a correlate for low physical activity, is a risk 

factor for diabetes mellitus and insulin resistance in the Pitt Men’s Study and the Multicenter 

AIDS Cohort Study.  Given the strength of previous studies that support the strong correlation of 

physical function with physical activity in HIV-uninfected populations15-20, our results are 

consistent with the notion that low physical activity is a risk factor for incident DM in HIV-

uninfected and HIV-infected men. However, because the MACS never collected physical 

activity data, we were limited to the use of physical function.  The correlation between physical 

activity levels and physical function abilities in HIV-infected populations is currently unknown.  

Given the study population, we were also unable to assess these associations in HIV-infected 

women.  Therefore, important questions remain regarding the role of objectively measured 

physical activity as a risk factor for DM and IR in the general HIV-infected population.  Finally, 

the role of physical activity interventions in the prevention of DM in HIV-infected men and 
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women has yet to be addressed in large controlled trials. That is, do physical activity 

interventions prevent the development of DM in HIV-infected populations similar to the in 

general population?  In order to address these unanswered questions, future prospective studies 

and randomized controlled trials using objective physical activity measures and interventions are 

necessary.  Such studies should further explore: 1) the association between objectively measured 

levels of physical activity and actual physical function performance in HIV-infected populations; 

2) the role of objective measures of physical activity (i.e. using pedometer/accelerometer) with 

the onset of incident DM and IR in both HIV-infected men and HIV-infected women; 3) physical 

activity interventions, including exercise, to prevent DM among HIV-infected populations with 

normoglycemia and with those IGT.  These studies are essential in order to better understand the 

etiology and prevention of DM in HIV-infected populations. 

Further, the associations between performance-based measures of physical function, DM, 

and IR in this study were assessed in a cross-sectional analysis, thus the question of directionality 

between these associations remains unanswered.  A prospective study conducted in HIV-

uninfected individuals supports a relationship between grip strength and elevated fasting insulin 

levels, suggesting a biologically plausible link between lower muscular strength and the 

development of IR245.  However, the prospective association has yet to be studied in HIV-

infected populations.  Larger, prospective studies are necessary to determine whether or not 

performance-based measures of physical function can be used as markers of future IR and DM in 

HIV-infected cohorts.  This research is clinically important because identifying early functional 

markers of glucose disorders may help prevent further functional declines and chronic 

complications22, 25, especially among individuals with HIV-infection who may already be at risk 

for physical disability due to HIV associated symptoms220.    
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5.2 PUBLIC HEALTH RELEVANCE 

Type 2 diabetes mellitus and insulin resistance are prevalent and serious conditions among HIV-

uninfected and HIV-infected individuals.  These glucose disorders are a huge burden to the 

national health care system, costing an estimated $174 billion annually, with an additional $36.4 

billion required for new HIV infections7, 281.  Prior to the introduction of HAART, cases of 

diabetes mellitus and insulin resistance were rarely documented among HIV-infected 

individuals115.  Beginning as early as 1998, cross-sectional and cohort studies reported an 

increase in glucose disorders among HIV-infected individuals, often with higher prevalence rates 

than in their HIV-uninfected counterparts 14, 103, 108, 109, 114, 116-120.  This raised the spectra of an 

association between HIV, HAART, and diabetes mellitus.   However, a full understanding of 

these complications remains elusive, and likely involves a combination of antiretroviral therapy 

and duration of HIV infection (likely due to the pro-inflammatory effects of HIV itself103) as 

well as traditional risk factors such as lifestyle, body mass index (BMI)11, 107-110, age, sex, and 

genetic predisposition111, 112.   Given the burden of these diseases as well as the uncertainty 

regarding their cause, it has become essential to identify modifiable risk factors to help prevent 

the development of these glucose disorders, especially among individuals already living with 

chronic HIV infection. 

 Physical activity is one such risk factor.  Because physical activity and exercise are cost-

effective health promotion interventions that could decrease the need for health care resources, 

slow HIV disease progression, and prevent or delay the onset of chronic conditions, the role of 

physical activity as risk factor for diabetes in persons infected with HIV deserves attention.  

Unfortunately, it had been overlooked in the majority of studies of glucose disorders in HIV-

infected person, despite its acceptance as a known risk factor in the general population.  Thus, it 
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is important to recognize that the results of previous studies that observed an association between 

HAART use as well as other non-traditional risk factors, diabetes mellitus and insulin resistance 

might have been confounded by physical activity levels.   

The results of our work indicate that individuals with low self-reported physical function 

and grip strength, and thus likely low physical activity, have an increased risk of diabetes 

mellitus.  This trend, although present, was weaker among the HIV-infected men.  Regardless, 

the association deserves attention.  Given the known correlation between physical function and 

physical activity, it is biologically plausible to suggest that interventions aimed at increasing 

physical function and strength in HIV-infected populations will increase physical activity levels 

while reducing the incidence of DM.  However, it is also possible that the weaker association in 

HIV-infected men suggests that, at the very least, physical function and potentially physical 

activity interventions may not work as well to prevent DM in HIV-infected populations and that 

interventions deemed appropriate in the general population may not apply to all diseased 

subgroups.  Future studies that actually assess physical activity rather than physical function are 

essential in order to evaluate the effectiveness of physical activity as a modifiable risk factor for 

DM in HIV-infected populations. 

 In order to design appropriate interventions, it is essential to understand the entire 

physical function construct among individuals living with HIV.  Our work was the first to assess 

the relationship between self-report and performance-based measures of physical function in an 

HIV-infected cohort and demonstrated that both are essential to gain a full understanding of 

physical function in HIV-infected individuals.  The use of appropriately designed interventions 

could significantly reduce the number of incident diabetes cases in HIV-infected populations, 

while simultaneously decreasing the risk of further disability and chronic sequelae among HIV-
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infected individuals already diagnosed with diabetes.  This is of great public health significance 

given the national burden of both HIV infection and diabetes mellitus.   

Over the next decade, clinical trials among HIV-infected populations similar to those 

completed in HIV-uninfected populations are necessary in order to establish a casual association 

between low physical activity and the onset of DM and IR.  At present, researchers and clinicians 

alike are encouraged to consider the potential for a similar benefit to HIV-infected individuals as 

demonstrated in the general population.  As this relationship becomes more clearly recognized, 

increased physical activity will become an integral part of diabetes prevention and management 

in HIV-positive individuals.  Therefore, ongoing cohort studies addressing the issues of glucose 

metabolism in HIV-infected populations should address the role of physical activity and physical 

function in order to further clarify this relationship. 



130 

BIBLIOGRAPHY 

1. Report of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. 
Diabetes Care. Jul 1997;20(7):1183-1197. 

2. Bhargava A. A longitudinal analysis of the risk factors for diabetes and coronary heart 
disease in the Framingham Offspring Study. Popul.Health Metr. 2003;1(1):3. 

3. Bloomgarden Z. T. American Diabetes Association Annual Meeting, 1998. Insulin 
resistance, exercise, and obesity. Diabetes Care. Mar 1999;22(3):517-522. 

4. Harris M. I., Flegal K. M., Cowie C. C., et al. Prevalence of diabetes, impaired fasting 
glucose, and impaired glucose tolerance in U.S. adults. The Third National Health and 
Nutrition Examination Survey, 1988-1994. Diabetes Care. Apr 1998;21(4):518-524. 

5. Mokdad A. H., Ford E. S., Bowman B. A., et al. Prevalence of obesity, diabetes, and 
obesity-related health risk factors, 2001. Jama. Jan 1 2003;289(1):76-79. 

6. Perez-Martin A., Raynaud E., Mercier J. Insulin resistance and associated metabolic 
abnormalities in muscle: effects of exercise. Obes Rev. Feb 2001;2(1):47-59. 

7. American Diabetes Association. Economic Costs of Diabetes in the U.S. in 2007. 
Diabetes Care. 2008;31(3):596-615. 

8. Oguma Y., Sesso H. D., Paffenbarger R. S., Jr., et al. Weight change and risk of 
developing type 2 diabetes. Obes Res. May 2005;13(5):945-951. 

9. Wang Y., Rimm E. B., Stampfer M. J., et al. Comparison of abdominal adiposity and 
overall obesity in predicting risk of type 2 diabetes among men. Am J Clin Nutr. Mar 
2005;81(3):555-563. 

10. Brar I, Shuter J, Thomas A, et al. A comparison of factors associated with prevalent 
diabetes mellitus among HIV-Infected antiretroviral-naive individuals versus individuals 
in the National Health and Nutritional Examination Survey cohort. J Acquir Immune 
Defic Syndr. May 1 2007;45(1):66-71. 



131 

11. De Wit S., Sabin C. A., Weber R., et al. Incidence and risk factors for new-onset diabetes 
in HIV-infected patients: the Data Collection on Adverse Events of Anti-HIV Drugs 
(D:A:D) study. Diabetes Care. Jun 2008;31(6):1224-1229. 

12. Hughes C. A., Cashin R. P., Eurich D. T., et al. Risk factors for new-onset diabetes 
mellitus in patients receiving protease inhibitor therapy. Can J Infect Dis Med Microbiol. 
Jul 2005;16(4):230-232. 

13. Justman J. E., Benning L., Danoff A., et al. Protease inhibitor use and the incidence of 
diabetes mellitus in a large cohort of HIV-infected women. J Acquir Immune Defic 
Syndr. Mar 1 2003;32(3):298-302. 

14. Ledergerber B., Furrer H., Rickenbach M., et al. Factors associated with the incidence of 
type 2 diabetes mellitus in HIV-infected participants in the Swiss HIV Cohort Study. Clin 
Infect Dis. Jul 1 2007;45(1):111-119. 

15. Brach J. S., FitzGerald S., Newman A. B., et al. Physical activity and functional status in 
community-dwelling older women: a 14-year prospective study. Arch Intern Med. Nov 
24 2003;163(21):2565-2571. 

16. Brach J. S., Simonsick E. M., Kritchevsky S., et al. The association between physical 
function and lifestyle activity and exercise in the health, aging and body composition 
study. J Am Geriatr Soc. Apr 2004;52(4):502-509. 

17. Brach J. S., VanSwearingen J. M., FitzGerald S. J., et al. The relationship among physical 
activity, obesity, and physical function in community-dwelling older women. Prev Med. 
Jul 2004;39(1):74-80. 

18. Hillsdon M. M., Brunner E. J., Guralnik J. M., et al. Prospective study of physical 
activity and physical function in early old age. Am J Prev Med. Apr 2005;28(3):245-250. 

19. Miller M. E., Rejeski W. J., Reboussin B. A., et al. Physical activity, functional 
limitations, and disability in older adults. J Am Geriatr Soc. Oct 2000;48(10):1264-1272. 

20. Young D. R., Masaki K. H., Curb J. D. Associations of physical activity with 
performance-based and self-reported physical functioning in older men: the Honolulu 
Heart Program. J Am Geriatr Soc. Aug 1995;43(8):845-854. 

21. Roubenoff R., Wilson I. B. Effect of resistance training on self-reported physical 
functioning in HIV infection. Med Sci Sports Exerc. Nov 2001;33(11):1811-1817. 

22. Standards of medical care in diabetes--2007. Diabetes Care. Jan 2007;30 Suppl 1:S4-
S41. 

23. American Diabetes Association. Diagnosis and Classification of Diabetes Mellitus. 
Diabetes Care. 2004;27(S1):S5-S10. 



132 

24. Prous Science. DiabetesPro. In: ADA, ed. Diabetes: 
http://professional.diabetes.org/Default.aspx. Accessed April 10, 2008. 

25. Anderson K Ed. Mosby's Medical, Nursing, and Allied Health Dictionary. Fourth ed. 
Philadelphia: Mosby; 1994. 

26. Hawley J. A. Exercise as a therapeutic intervention for the prevention and treatment of 
insulin resistance. Diabetes Metab Res Rev. Sep-Oct 2004;20(5):383-393. 

27. Wild S., Roglic G., Green A., et al. Global prevalence of diabetes: estimates for the year 
2000 and projections for 2030. Diabetes Care. May 2004;27(5):1047-1053. 

28. King H., Aubert R. E., Herman W. H. Global burden of diabetes, 1995-2025: prevalence, 
numerical estimates, and projections. Diabetes Care. Sep 1998;21(9):1414-1431. 

29. Engelgau M. M., Geiss L. S., Saaddine J. B., et al. The evolving diabetes burden in the 
United States. Ann Intern Med. Jun 1 2004;140(11):945-950. 

30. The Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. Report 
of the expert committee on the diagnosis and classification of diabetes mellitus. Diabetes 
Care. 2003;26(Suppl 1):S5-S20. 

31. Wang Y Rimm EB, Stampfer MJ, Willett WC, Hu FB. Comparison of abdominal 
adiposity and overall obesity in predicting risk of type 2 diabetes among men. Am J Clin 
Nutr 2005;81:555-563. 

32. Walli R., Herfort O., Michl G. M., et al. Treatment with protease inhibitors associated 
with peripheral insulin resistance and impaired oral glucose tolerance in HIV-1-infected 
patients. Aids. Oct 22 1998;12(15):F167-173. 

33. DeFronzo R. A., Tobin J. D., Andres R. Glucose clamp technique: a method for 
quantifying insulin secretion and resistance. Am J Physiol. Sep 1979;237(3):E214-223. 

34. Chen H., Sullivan G., Quon M. J. Assessing the predictive accuracy of QUICKI as a 
surrogate index for insulin sensitivity using a calibration model. Diabetes. Jul 
2005;54(7):1914-1925. 

35. Bonora E., Targher G., Alberiche M., et al. Homeostasis model assessment closely 
mirrors the glucose clamp technique in the assessment of insulin sensitivity: studies in 
subjects with various degrees of glucose tolerance and insulin sensitivity. Diabetes Care. 
Jan 2000;23(1):57-63. 

36. Katz A., Nambi S. S., Mather K., et al. Quantitative insulin sensitivity check index: a 
simple, accurate method for assessing insulin sensitivity in humans. J Clin Endocrinol 
Metab. Jul 2000;85(7):2402-2410. 

http://professional.diabetes.org/Default.aspx�


133 

37. Chen H., Sullivan G., Yue L. Q., et al. QUICKI is a useful index of insulin sensitivity in 
subjects with hypertension. Am J Physiol Endocrinol Metab. Apr 2003;284(4):E804-812. 

38. Hrebicek J., Janout V., Malincikova J., et al. Detection of insulin resistance by simple 
quantitative insulin sensitivity check index QUICKI for epidemiological assessment and 
prevention. J Clin Endocrinol Metab. Jan 2002;87(1):144-147. 

39. U.S. Department of Health and Human Services. Physical Activity and Health: A Report 
of the Surgeon General. In: U.S. Department of Health and Human Services, ed: Centers 
for Disease Control and Prevention, National Center for Chronic Disease Prevention and 
Health Promotion; 1996. 

40. CDC. Physical activity trends--United States, 1990-1998. MMWR Morb Mortal Wkly 
Rep. Mar 9 2001;50(9):166-169. 

41. Nelson K. M., Reiber G., Boyko E. J. Diet and exercise among adults with type 2 
diabetes: findings from the third national health and nutrition examination survey 
(NHANES III). Diabetes Care. Oct 2002;25(10):1722-1728. 

42. Eriksson K. F., Lindgarde F. Prevention of type 2 (non-insulin-dependent) diabetes 
mellitus by diet and physical exercise. The 6-year Malmo feasibility study. Diabetologia. 
Dec 1991;34(12):891-898. 

43. Eriksson K. F., Lindgarde F. No excess 12-year mortality in men with impaired glucose 
tolerance who participated in the Malmo Preventive Trial with diet and exercise. 
Diabetologia. Sep 1998;41(9):1010-1016. 

44. Laaksonen D. E., Lindstrom J., Lakka T. A., et al. Physical activity in the prevention of 
type 2 diabetes: the Finnish diabetes prevention study. Diabetes. Jan 2005;54(1):158-165. 

45. Lindstrom J., Eriksson J. G., Valle T. T., et al. Prevention of diabetes mellitus in subjects 
with impaired glucose tolerance in the Finnish Diabetes Prevention Study: results from a 
randomized clinical trial. J Am Soc Nephrol. Jul 2003;14(7 Suppl 2):S108-113. 

46. Lindstrom J., Ilanne-Parikka P., Peltonen M., et al. Sustained reduction in the incidence 
of type 2 diabetes by lifestyle intervention: follow-up of the Finnish Diabetes Prevention 
Study. Lancet. Nov 11 2006;368(9548):1673-1679. 

47. Lindstrom J., Louheranta A., Mannelin M., et al. The Finnish Diabetes Prevention Study 
(DPS): Lifestyle intervention and 3-year results on diet and physical activity. Diabetes 
Care. Dec 2003;26(12):3230-3236. 

48. Pan X. R., Li G. W., Hu Y. H., et al. Effects of diet and exercise in preventing NIDDM in 
people with impaired glucose tolerance. The Da Qing IGT and Diabetes Study. Diabetes 
Care. Apr 1997;20(4):537-544. 



134 

49. Sigal R. J., Kenny G. P., Wasserman D. H., et al. Physical activity/exercise and type 2 
diabetes. Diabetes Care. Oct 2004;27(10):2518-2539. 

50. Knowler W. C., Barrett-Connor E., Fowler S. E., et al. Reduction in the incidence of type 
2 diabetes with lifestyle intervention or metformin. N Engl J Med. Feb 7 
2002;346(6):393-403. 

51. Burchfiel C. M., Sharp D. S., Curb J. D., et al. Physical activity and incidence of 
diabetes: the Honolulu Heart Program. Am J Epidemiol. Feb 15 1995;141(4):360-368. 

52. Helmrich S. P., Ragland D. R., Leung R. W., et al. Physical activity and reduced 
occurrence of non-insulin-dependent diabetes mellitus. N Engl J Med. Jul 18 
1991;325(3):147-152. 

53. Hu F. B., Leitzmann M. F., Stampfer M. J., et al. Physical activity and television 
watching in relation to risk for type 2 diabetes mellitus in men. Arch Intern Med. Jun 25 
2001;161(12):1542-1548. 

54. Hu F. B., Li T. Y., Colditz G. A., et al. Television watching and other sedentary 
behaviors in relation to risk of obesity and type 2 diabetes mellitus in women. Jama. Apr 
9 2003;289(14):1785-1791. 

55. Hu F. B., Sigal R. J., Rich-Edwards J. W., et al. Walking compared with vigorous 
physical activity and risk of type 2 diabetes in women: a prospective study. Jama. Oct 20 
1999;282(15):1433-1439. 

56. Lynch J., Helmrich S. P., Lakka T. A., et al. Moderately intense physical activities and 
high levels of cardiorespiratory fitness reduce the risk of non-insulin-dependent diabetes 
mellitus in middle-aged men. Arch Intern Med. Jun 24 1996;156(12):1307-1314. 

57. Manson J. E., Nathan D. M., Krolewski A. S., et al. A prospective study of exercise and 
incidence of diabetes among US male physicians. Jama. Jul 1 1992;268(1):63-67. 

58. Manson J. E., Rimm E. B., Stampfer M. J., et al. Physical activity and incidence of non-
insulin-dependent diabetes mellitus in women. Lancet. Sep 28 1991;338(8770):774-778. 

59. Wei M., Gibbons L. W., Mitchell T. L., et al. The association between cardiorespiratory 
fitness and impaired fasting glucose and type 2 diabetes mellitus in men. Ann Intern Med. 
Jan 19 1999;130(2):89-96. 

60. Wei M., Schwertner H. A., Blair S. N. The association between physical activity, 
physical fitness, and type 2 diabetes mellitus. Compr Ther. Fall 2000;26(3):176-182. 

61. Kosaka K., Noda M., Kuzuya T. Prevention of type 2 diabetes by lifestyle intervention: a 
Japanese trial in IGT males. Diabetes Res Clin Pract. Feb 2005;67(2):152-162. 



135 

62. Ramachandran A., Snehalatha C., Mary S., et al. The Indian Diabetes Prevention 
Programme shows that lifestyle modification and metformin prevent type 2 diabetes in 
Asian Indian subjects with impaired glucose tolerance (IDPP-1). Diabetologia. Feb 
2006;49(2):289-297. 

63. Kriska A. Can a physically active lifestyle prevent type 2 diabetes? Exerc Sport Sci Rev. 
Jul 2003;31(3):132-137. 

64. Zinman B., Ruderman N., Campaigne B. N., et al. Physical activity/exercise and diabetes. 
Diabetes Care. Jan 2004;27 Suppl 1:S58-62. 

65. Sigal R. J., Kenny G. P., Wasserman D. H., et al. Physical activity/exercise and type 2 
diabetes: a consensus statement from the American Diabetes Association. Diabetes Care. 
Jun 2006;29(6):1433-1438. 

66. Cederholm J., Wibell L. Glucose tolerance and physical activity in a health survey of 
middle-aged subjects. Acta Med Scand. 1985;217(4):373-378. 

67. Dowse G. K., Gareeboo H., Zimmet P. Z., et al. High prevalence of NIDDM and 
impaired glucose tolerance in Indian, Creole, and Chinese Mauritians. Mauritius 
Noncommunicable Disease Study Group. Diabetes. Mar 1990;39(3):390-396. 

68. Kriska A. M., LaPorte R. E., Pettitt D. J., et al. The association of physical activity with 
obesity, fat distribution and glucose intolerance in Pima Indians. Diabetologia. Sep 
1993;36(9):863-869. 

69. Taylor R., Ram P., Zimmet P., et al. Physical activity and prevalence of diabetes in 
Melanesian and Indian men in Fiji. Diabetologia. Dec 1984;27(6):578-582. 

70. Kriska A. M., Edelstein S. L., Hamman R. F., et al. Physical activity in individuals at risk 
for diabetes: Diabetes Prevention Program. Med Sci Sports Exerc. May 2006;38(5):826-
832. 

71. Kriska A. M., Pereira M. A., Hanson R. L., et al. Association of physical activity and 
serum insulin concentrations in two populations at high risk for type 2 diabetes but 
differing by BMI. Diabetes Care. Jul 2001;24(7):1175-1180. 

72. Albright A., Franz M., Hornsby G., et al. American College of Sports Medicine position 
stand. Exercise and type 2 diabetes. Med Sci Sports Exerc. Jul 2000;32(7):1345-1360. 

73. Boule N. G., Haddad E., Kenny G. P., et al. Effects of exercise on glycemic control and 
body mass in type 2 diabetes mellitus: a meta-analysis of controlled clinical trials. Jama. 
Sep 12 2001;286(10):1218-1227. 



136 

74. UK Prospective Diabetes Study (UKPDS) Group. Effect of intensive blood-glucose 
control with metformin on complications in overweight patients with type 2 diabetes 
(UKPDS 34). . Lancet. Sep 12 1998;352(9131):854-865. 

75. UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose control with 
sulphonylureas or insulin compared with conventional treatment and risk of 
complications in patients with type 2 diabetes (UKPDS 33). . Lancet. Sep 12 
1998;352(9131):837-853. 

76. Andersson A., Sjodin A., Olsson R., et al. Effects of physical exercise on phospholipid 
fatty acid composition in skeletal muscle. Am J Physiol. Mar 1998;274(3 Pt 1):E432-438. 

77. Coggan A. R., Spina R. J., Kohrt W. M., et al. Effect of prolonged exercise on muscle 
citrate concentration before and after endurance training in men. Am J Physiol. Feb 
1993;264(2 Pt 1):E215-220. 

78. Dela F., Handberg A., Mikines K. J., et al. GLUT 4 and insulin receptor binding and 
kinase activity in trained human muscle. J Physiol. Sep 1993;469:615-624. 

79. Dela F., Ploug T., Handberg A., et al. Physical training increases muscle GLUT4 protein 
and mRNA in patients with NIDDM. Diabetes. Jul 1994;43(7):862-865. 

80. Ebeling P., Bourey R., Koranyi L., et al. Mechanism of enhanced insulin sensitivity in 
athletes. Increased blood flow, muscle glucose transport protein (GLUT-4) concentration, 
and glycogen synthase activity. J Clin Invest. Oct 1993;92(4):1623-1631. 

81. Ivy J. L., Zderic T. W., Fogt D. L. Prevention and treatment of non-insulin-dependent 
diabetes mellitus. Exerc Sport Sci Rev. 1999;27:1-35. 

82. Mandroukas K., Krotkiewski M., Hedberg M., et al. Physical training in obese women. 
Effects of muscle morphology, biochemistry and function. Eur J Appl Physiol Occup 
Physiol. 1984;52(4):355-361. 

83. Saltin B., Henriksson J., Nygaard E., et al. Fiber types and metabolic potentials of 
skeletal muscles in sedentary man and endurance runners. Ann N Y Acad Sci. 1977;301:3-
29. 

84. Sigal R. J., Kenny G. P., Boule N. G., et al. Effects of aerobic training, resistance 
training, or both on glycemic control in type 2 diabetes: a randomized trial. Ann Intern 
Med. Sep 18 2007;147(6):357-369. 

85. Clark D. O. Physical activity efficacy and effectiveness among older adults and 
minorities. Diabetes Care. Jul 1997;20(7):1176-1182. 

86. Eriksson J. G. Exercise and the treatment of type 2 diabetes mellitus. An update. Sports 
Med. Jun 1999;27(6):381-391. 



137 

87. Burstein R., Epstein Y., Shapiro Y., et al. Effect of an acute bout of exercise on glucose 
disposal in human obesity. J Appl Physiol. Jul 1990;69(1):299-304. 

88. Caro J. F., Dohm L. G., Pories W. J., et al. Cellular alterations in liver, skeletal muscle, 
and adipose tissue responsible for insulin resistance in obesity and type II diabetes. 
Diabetes Metab Rev. Dec 1989;5(8):665-689. 

89. Devlin J. T., Hirshman M., Horton E. D., et al. Enhanced peripheral and splanchnic 
insulin sensitivity in NIDDM men after single bout of exercise. Diabetes. Apr 
1987;36(4):434-439. 

90. Brown M. D., Moore G. E., Korytkowski M. T., et al. Improvement of insulin sensitivity 
by short-term exercise training in hypertensive African American women. Hypertension. 
Dec 1997;30(6):1549-1553. 

91. Rich J, Barton-Knott S, de Santis D. Report on the global AIDS epidemic: World Health 
Organization; 2006. 

92. CDC. HIV Prevalence Estimates--United States, 2006. MMWR Morb Mortal Wkly Rep. 
2008;57(39):1073-1076. 

93. Hall HI, Song R, Rhodes P, et al. Estimation of HIV Incidence in the United States. 
JAMA. 2008;300:520-529. 

94. CDC. Subpopulation Estimates from the HIV Incidence Surveillance System-United 
States, 2006. MMWR Morb Mortal Wkly Rep. 2008;57(36):985-989  

95. Beck-Sague C, Beck C. HIV/AIDS. Philadelphia: Chelsea House Publishers; 2004. 

96. Feinberg M. B. Changing the natural history of HIV disease. Lancet. Jul 27 
1996;348(9022):239-246. 

97. Fenton KA, Valdiserri RO. Twenty-five years of HIV/AIDS-United States, 1981-2006: 
CDC; 2006. 

98. CDC. HIV/AIDS Surveillance Report 2006. Vol. 18. Atlanta: US Department of Health 
and Human Services, CDC; 2008. 

99. Palella F. J., Jr., Delaney K. M., Moorman A. C., et al. Declining morbidity and mortality 
among patients with advanced human immunodeficiency virus infection. HIV Outpatient 
Study Investigators. N Engl J Med. Mar 26 1998;338(13):853-860. 

100. Aboud M., Elgalib A., Kulasegaram R., et al. Insulin resistance and HIV infection: a 
review. Int J Clin Pract. Mar 2007;61(3):463-472. 



138 

101. Briz V., Poveda E., Soriano V. HIV entry inhibitors: mechanisms of action and resistance 
pathways. J Antimicrob Chemother. Apr 2006;57(4):619-627. 

102. Morse C. G., Kovacs J. A. Metabolic and skeletal complications of HIV infection: the 
price of success. Jama. Aug 16 2006;296(7):844-854. 

103. Carr A., Samaras K., Burton S., et al. A syndrome of peripheral lipodystrophy, 
hyperlipidaemia and insulin resistance in patients receiving HIV protease inhibitors. Aids. 
May 7 1998;12(7):F51-58. 

104. Heath K. V., Hogg R. S., Singer J., et al. Antiretroviral treatment patterns and incident 
HIV-associated morphologic and lipid abnormalities in a population-based chort. J 
Acquir Immune Defic Syndr. Aug 1 2002;30(4):440-447. 

105. Bernasconi E., Boubaker K., Junghans C., et al. Abnormalities of body fat distribution in 
HIV-infected persons treated with antiretroviral drugs: The Swiss HIV Cohort Study. J 
Acquir Immune Defic Syndr. Sep 1 2002;31(1):50-55. 

106. Brown T, Cole S, Li X, et al. Antiretroviral therapy and the prevalence and incidence of 
diabetes mellitus in the multicenter AIDS cohort study. Arch Intern Med. May 23 
2005;165(10):1179-1184. 

107. Brar I., Shuter J., Thomas A., et al. A comparison of factors associated with prevalent 
diabetes mellitus among HIV-Infected antiretroviral-naive individuals versus individuals 
in the National Health and Nutritional Examination Survey cohort. J Acquir Immune 
Defic Syndr. May 1 2007;45(1):66-71. 

108. Howard A. A., Floris-Moore M., Arnsten J. H., et al. Disorders of glucose metabolism 
among HIV-infected women. Clin Infect Dis. May 15 2005;40(10):1492-1499. 

109. Howard A. A., Floris-Moore M., Lo Y., et al. Abnormal glucose metabolism among older 
men with or at risk of HIV infection. HIV Med. Sep 2006;7(6):389-396. 

110. Palacios R., Santos J., Ruiz J., et al. Factors associated with the development of diabetes 
mellitus in HIV-infected patients on antiretroviral therapy: a case-control study. Aids. 
Apr 11 2003;17(6):933-935. 

111. Fitch K. V., Anderson E. J., Hubbard J. L., et al. Effects of a lifestyle modification 
program in HIV-infected patients with the metabolic syndrome. Aids. Sep 11 
2006;20(14):1843-1850. 

112. Mallon P. W., Miller J., Cooper D. A., et al. Prospective evaluation of the effects of 
antiretroviral therapy on body composition in HIV-1-infected men starting therapy. Aids. 
May 2 2003;17(7):971-979. 



139 

113. Meininger G., Hadigan C., Rietschel P., et al. Body-composition measurements as 
predictors of glucose and insulin abnormalities in HIV-positive men. Am J Clin Nutr. 
Aug 2002;76(2):460-465. 

114. Vigouroux C., Gharakhanian S., Salhi Y., et al. Diabetes, insulin resistance and 
dyslipidaemia in lipodystrophic HIV-infected patients on highly active antiretroviral 
therapy (HAART). Diabetes Metab. Sep 1999;25(3):225-232. 

115. Larson R., Capili B., Eckert-Norton M., et al. Disorders of glucose metabolism in the 
context of human immunodeficiency virus infection. J Am Acad Nurse Pract. Mar 
2006;18(3):92-103. 

116. Carr A., Samaras K., Thorisdottir A., et al. Diagnosis, prediction, and natural course of 
HIV-1 protease-inhibitor-associated lipodystrophy, hyperlipidaemia, and diabetes 
mellitus: a cohort study. Lancet. Jun 19 1999;353(9170):2093-2099. 

117. Eastone J. A., Decker C. F. New-onset diabetes mellitus associated with use of protease 
inhibitor. Ann Intern Med. Nov 15 1997;127(10):948. 

118. Dever L. L., Oruwari P. A., Figueroa W. E., et al. Hyperglycemia associated with 
protease inhibitors in an urban HIV-infected minority patient population. Ann 
Pharmacother. May 2000;34(5):580-584. 

119. Dube M. P., Johnson D. L., Currier J. S., et al. Protease inhibitor-associated 
hyperglycaemia. Lancet. Sep 6 1997;350(9079):713-714. 

120. Danoff A., Shi Q., Justman J., et al. Oral glucose tolerance and insulin sensitivity are 
unaffected by HIV infection or antiretroviral therapy in overweight women. J Acquir 
Immune Defic Syndr. May 1 2005;39(1):55-62. 

121. Brown T. T., Cole S. R., Li X., et al. Antiretroviral therapy and the prevalence and 
incidence of diabetes mellitus in the multicenter AIDS cohort study. Arch Intern Med. 
May 23 2005;165(10):1179-1184. 

122. Jain M. K., Aragaki C., Fischbach L., et al. Hepatitis C is associated with type 2 diabetes 
mellitus in HIV-infected persons without traditional risk factors. HIV Med. Nov 
2007;8(8):491-497. 

123. Mehta S. H., Moore R. D., Thomas D. L., et al. The effect of HAART and HCV infection 
on the development of hyperglycemia among HIV-infected persons. J Acquir Immune 
Defic Syndr. Aug 15 2003;33(5):577-584. 

124. Meisinger C., Thorand B., Schneider A., et al. Sex differences in risk factors for incident 
type 2 diabetes mellitus: the MONICA Augsburg cohort study. Arch Intern Med. Jan 14 
2002;162(1):82-89. 



140 

125. Tien P. C., Schneider M. F., Cole S. R., et al. Antiretroviral therapy exposure and 
incidence of diabetes mellitus in the Women's Interagency HIV Study. Aids. Aug 20 
2007;21(13):1739-1745. 

126. Mayfield J. Diagnosis and classification of diabetes mellitus: new criteria. Am Fam 
Physician. Oct 15 1998;58(6):1355-1362, 1369-1370. 

127. Walli R., Goebel F. D., Demant T. Impaired glucose tolerance and protease inhibitors. 
Ann Intern Med. Nov 15 1998;129(10):837-838. 

128. Hadigan C., Meigs J. B., Corcoran C., et al. Metabolic abnormalities and cardiovascular 
disease risk factors in adults with human immunodeficiency virus infection and 
lipodystrophy. Clin Infect Dis. Jan 2001;32(1):130-139. 

129. Carr A., Samaras K., Chisholm D. J., et al. Pathogenesis of HIV-1-protease inhibitor-
associated peripheral lipodystrophy, hyperlipidaemia, and insulin resistance. Lancet. Jun 
20 1998;351(9119):1881-1883. 

130. Murata H., Hruz P. W., Mueckler M. The mechanism of insulin resistance caused by HIV 
protease inhibitor therapy. J Biol Chem. Jul 7 2000;275(27):20251-20254. 

131. Lee G. A., Seneviratne T., Noor M. A., et al. The metabolic effects of lopinavir/ritonavir 
in HIV-negative men. Aids. Mar 5 2004;18(4):641-649. 

132. Noor M. A., Lo J. C., Mulligan K., et al. Metabolic effects of indinavir in healthy HIV-
seronegative men. Aids. May 4 2001;15(7):F11-18. 

133. Mulligan K., Grunfeld C., Tai V. W., et al. Hyperlipidemia and insulin resistance are 
induced by protease inhibitors independent of changes in body composition in patients 
with HIV infection. J Acquir Immune Defic Syndr. Jan 1 2000;23(1):35-43. 

134. Behrens G., Dejam A., Schmidt H., et al. Impaired glucose tolerance, beta cell function 
and lipid metabolism in HIV patients under treatment with protease inhibitors. Aids. Jul 9 
1999;13(10):F63-70. 

135. Grinspoon S., Carr A. Cardiovascular risk and body-fat abnormalities in HIV-infected 
adults. N Engl J Med. Jan 6 2005;352(1):48-62. 

136. Martinez E., Conget I., Lozano L., et al. Reversion of metabolic abnormalities after 
switching from HIV-1 protease inhibitors to nevirapine. Aids. May 7 1999;13(7):805-
810. 

137. Walli R. K., Michl G. M., Bogner J. R., et al. Improvement of HAART-associated insulin 
resistance and dyslipidemia after replacement of protease inhibitors with abacavir. Eur J 
Med Res. Oct 29 2001;6(10):413-421. 



141 

138. Purnell J. Q., Zambon A., Knopp R. H., et al. Effect of ritonavir on lipids and post-
heparin lipase activities in normal subjects. Aids. Jan 7 2000;14(1):51-57. 

139. Woerle H. J., Mariuz P. R., Meyer C., et al. Mechanisms for the deterioration in glucose 
tolerance associated with HIV protease inhibitor regimens. Diabetes. Apr 
2003;52(4):918-925. 

140. Nolan D., Mallal S. Getting to the HAART of insulin resistance. Aids. Oct 19 
2001;15(15):2037-2041. 

141. Brown T. T., Li X., Cole S. R., et al. Cumulative exposure to nucleoside analogue reverse 
transcriptase inhibitors is associated with insulin resistance markers in the Multicenter 
AIDS Cohort Study. Aids. Sep 2 2005;19(13):1375-1383. 

142. Dagogo-Jack S. HIV therapy and diabetes risk. Diabetes Care. Jun 2008;31(6):1267-
1268. 

143. Dube M. P., Edmondson-Melancon H., Qian D., et al. Prospective evaluation of the effect 
of initiating indinavir-based therapy on insulin sensitivity and B-cell function in HIV-
infected patients. J Acquir Immune Defic Syndr. Jun 1 2001;27(2):130-134. 

144. Dube M. P., Parker R. A., Tebas P., et al. Glucose metabolism, lipid, and body fat 
changes in antiretroviral-naive subjects randomized to nelfinavir or efavirenz plus dual 
nucleosides. Aids. Nov 4 2005;19(16):1807-1818. 

145. Dube M. P., Qian D., Edmondson-Melancon H., et al. Prospective, intensive study of 
metabolic changes associated with 48 weeks of amprenavir-based antiretroviral therapy. 
Clin Infect Dis. Aug 15 2002;35(4):475-481. 

146. Noor M. A., Parker R. A., O'Mara E., et al. The effects of HIV protease inhibitors 
atazanavir and lopinavir/ritonavir on insulin sensitivity in HIV-seronegative healthy 
adults. Aids. Nov 5 2004;18(16):2137-2144. 

147. Yarasheski K. E., Tebas P., Sigmund C., et al. Insulin resistance in HIV protease 
inhibitor-associated diabetes. J Acquir Immune Defic Syndr. Jul 1 1999;21(3):209-216. 

148. Tsiodras S., Mantzoros C., Hammer S., et al. Effects of protease inhibitors on 
hyperglycemia, hyperlipidemia, and lipodystrophy: a 5-year cohort study. Arch Intern 
Med. Jul 10 2000;160(13):2050-2056. 

149. Grinspoon S Carr A. Cardiovascular risk and body-fat abnormalities in HIV-infected 
adults. New Engl Jour Med. Jan 2005;352:48-62. 

150. Brinkman K., Smeitink J. A., Romijn J. A., et al. Mitochondrial toxicity induced by 
nucleoside-analogue reverse-transcriptase inhibitors is a key factor in the pathogenesis of 
antiretroviral-therapy-related lipodystrophy. Lancet. Sep 25 1999;354(9184):1112-1115. 



142 

151. Shikuma C. M., Waslien C., McKeague J., et al. Fasting hyperinsulinemia and increased 
waist-to-hip ratios in non-wasting individuals with AIDS. Aids. Jul 30 1999;13(11):1359-
1365. 

152. Yarasheski K. E., Roubenoff R. Exercise treatment for HIV-associated metabolic and 
anthropomorphic complications. Exerc Sport Sci Rev. Oct 2001;29(4):170-174. 

153. Butt A. A., Fultz S. L., Kwoh C. K., et al. Risk of diabetes in HIV infected veterans pre- 
and post-HAART and the role of HCV coinfection. Hepatology. Jul 2004;40(1):115-119. 

154. Mynarcik D. C., McNurlan M. A., Steigbigel R. T., et al. Association of severe insulin 
resistance with both loss of limb fat and elevated serum tumor necrosis factor receptor 
levels in HIV lipodystrophy. J Acquir Immune Defic Syndr. Dec 1 2000;25(4):312-321. 

155. Hadigan C., Corcoran C., Stanley T., et al. Fasting hyperinsulinemia in human 
immunodeficiency virus-infected men: relationship to body composition, gonadal 
function, and protease inhibitor use. J Clin Endocrinol Metab. Jan 2000;85(1):35-41. 

156. Yoon C., Gulick R. M., Hoover D. R., et al. Case-control study of diabetes mellitus in 
HIV-infected patients. J Acquir Immune Defic Syndr. Dec 1 2004;37(4):1464-1469. 

157. Saves M., Raffi F., Capeau J., et al. Factors related to lipodystrophy and metabolic 
alterations in patients with human immunodeficiency virus infection receiving highly 
active antiretroviral therapy. Clin Infect Dis. May 15 2002;34(10):1396-1405. 

158. Nixon S., O'Brien K., Glazier R. H., et al. Aerobic exercise interventions for people with 
HIV/AIDS. Cochrane Database Syst Rev. 2001(1):CD001796. 

159. Clingerman E. Physical activity, social support, and health-related quality of life among 
persons with HIV disease. J Community Health Nurs. Fall 2004;21(3):179-197. 

160. Baigis J., Korniewicz D. M., Chase G., et al. Effectiveness of a home-based exercise 
intervention for HIV-infected adults: a randomized trial. J Assoc Nurses AIDS Care. Mar-
Apr 2002;13(2):33-45. 

161. Johnson J. E., Anders G. T., Blanton H. M., et al. Exercise dysfunction in patients 
seropositive for the human immunodeficiency virus. Am Rev Respir Dis. Mar 
1990;141(3):618-622. 

162. LaPerriere A., Fletcher M. A., Antoni M. H., et al. Aerobic exercise training in an AIDS 
risk group. Int J Sports Med. Jun 1991;12 Suppl 1:S53-57. 

163. LaPerriere A. R., Antoni M. H., Schneiderman N., et al. Exercise intervention attenuates 
emotional distress and natural killer cell decrements following notification of positive 
serologic status for HIV-1. Biofeedback Self Regul. Sep 1990;15(3):229-242. 



143 

164. Lox C. L., McAuley E., Tucker R. S. Aerobic and resistance exercise training effects on 
body composition, muscular strength, and cardiovascular fitness in an HIV-1 population. 
Int J Behav Med. 1996;3(1):55-69. 

165. MacArthur R. D., Levine S. D., Birk T. J. Supervised exercise training improves 
cardiopulmonary fitness in HIV-infected persons. Med Sci Sports Exerc. Jun 
1993;25(6):684-688. 

166. Perna F. M., LaPerriere A., Klimas N., et al. Cardiopulmonary and CD4 cell changes in 
response to exercise training in early symptomatic HIV infection. Med Sci Sports Exerc. 
Jul 1999;31(7):973-979. 

167. Smith B. A., Neidig J. L., Nickel J. T., et al. Aerobic exercise: effects on parameters 
related to fatigue, dyspnea, weight and body composition in HIV-infected adults. Aids. 
Apr 13 2001;15(6):693-701. 

168. Stringer W. W., Berezovskaya M., O'Brien W. A., et al. The effect of exercise training on 
aerobic fitness, immune indices, and quality of life in HIV+ patients. Med Sci Sports 
Exerc. Jan 1998;30(1):11-16. 

169. Terry L., Sprinz E., Ribeiro J. P. Moderate and high intensity exercise training in HIV-1 
seropositive individuals: a randomized trial. Int J Sports Med. Feb 1999;20(2):142-146. 

170. Rigsby L. W., Dishman R. K., Jackson A. W., et al. Effects of exercise training on men 
seropositive for the human immunodeficiency virus-1. Med Sci Sports Exerc. Jan 
1992;24(1):6-12. 

171. O'Brien K., Nixon S., Tynan A. M., et al. Effectiveness of aerobic exercise in adults 
living with HIV/AIDS: systematic review. Med Sci Sports Exerc. Oct 2004;36(10):1659-
1666. 

172. Mustafa T., Sy F. S., Macera C. A., et al. Association between exercise and HIV disease 
progression in a cohort of homosexual men. Ann Epidemiol. Feb 1999;9(2):127-131. 

173. Bopp C. M., Phillips K. D., Fulk L. J., et al. Physical activity and immunity in HIV-
infected individuals. AIDS Care. Apr 2004;16(3):387-393. 

174. Stringer W. W. HIV and aerobic exercise. Current recommendations. Sports Med. Dec 
1999;28(6):389-395. 

175. Arendt B. M., Aghdassi E., Mohammed S. S., et al. Dietary intake and physical activity 
in a Canadian population sample of male patients with HIV infection and metabolic 
abnormalities. Curr HIV Res. Jan 2008;6(1):82-90. 

176. Clingerman E. M. Participation in physical activity by persons living with HIV disease. J 
Assoc Nurses AIDS Care. Sep-Oct 2003;14(5):59-70. 



144 

177. Fillipas S., Bowtell-Harris C. A., Oldmeadow L. B., et al. Physical activity uptake in 
patients with HIV: who does how much? Int J STD AIDS. Aug 2008;19(8):514-518. 

178. Mohammed S. S., Aghdassi E., Salit I. E., et al. HIV-positive patients with nonalcoholic 
fatty liver disease have a lower body mass index and are more physically active than 
HIV-negative patients. J Acquir Immune Defic Syndr. Aug 1 2007;45(4):432-438. 

179. Ramirez-Marrero F. A., Rivera-Brown A. M., Nazario C. M., et al. Self-reported physical 
activity in Hispanic adults living with HIV: comparison with accelerometer and 
pedometer. J Assoc Nurses AIDS Care. Jul-Aug 2008;19(4):283-294. 

180. Smit E., Crespo C. J., Semba R. D., et al. Physical activity in a cohort of HIV-positive 
and HIV-negative injection drug users. AIDS Care. Nov 2006;18(8):1040-1045. 

181. Johnson-Kozlow M., Sallis J. F., Gilpin E. A., et al. Comparative validation of the IPAQ 
and the 7-Day PAR among women diagnosed with breast cancer. Int J Behav Nutr Phys 
Act. 2006;3:7. 

182. Ramirez-Marrero F. A., Smith B. A., Melendez-Brau N., et al. Physical and leisure 
activity, body composition, and life satisfaction in HIV-positive Hispanics in Puerto 
Rico. J Assoc Nurses AIDS Care. Jul-Aug 2004;15(4):68-77. 

183. Florindo A. A., de Oliveira Latorre Mdo R., Jaime P. C., et al. Leisure time physical 
activity prevents accumulation of central fat in HIV/AIDS subjects on highly active 
antiretroviral therapy. Int J STD AIDS. Oct 2007;18(10):692-696. 

184. Domingo P., Sambeat M. A., Perez A., et al. Fat distribution and metabolic abnormalities 
in HIV-infected patients on first combination antiretroviral therapy including stavudine or 
zidovudine: role of physical activity as a protective factor. Antivir Ther. Jun 
2003;8(3):223-231. 

185. Lundgren J. D., Battegay M., Behrens G., et al. European AIDS Clinical Society (EACS) 
guidelines on the prevention and management of metabolic diseases in HIV. HIV Med. 
Feb 2008;9(2):72-81. 

186. Gavrila A., Tsiodras S., Doweiko J., et al. Exercise and vitamin E intake are 
independently associated with metabolic abnormalities in human immunodeficiency 
virus-positive subjects: a cross-sectional study. Clin Infect Dis. Jun 15 2003;36(12):1593-
1601. 

187. AACTG recommendations for metabolic problems. Guide covers insulin resistance and 
diabetes. AIDS Alert. Jan 2003;18(1):6. 

188. Poirier P., Garneau C., Bogaty P., et al. Impact of left ventricular diastolic dysfunction on 
maximal treadmill performance in normotensive subjects with well-controlled type 2 
diabetes mellitus. Am J Cardiol. Feb 15 2000;85(4):473-477. 



145 

189. Fang Z. Y., Sharman J., Prins J. B., et al. Determinants of exercise capacity in patients 
with type 2 diabetes. Diabetes Care. Jul 2005;28(7):1643-1648. 

190. Ribisl P. M., Lang W., Jaramillo S. A., et al. Exercise capacity and 
cardiovascular/metabolic characteristics of overweight and obese individuals with type 2 
diabetes: the Look AHEAD clinical trial. Diabetes Care. Oct 2007;30(10):2679-2684. 

191. Lalande S., Gusso S., Hofman P. L., et al. Reduced leg blood flow during submaximal 
exercise in type 2 diabetes. Med Sci Sports Exerc. Apr 2008;40(4):612-617. 

192. Gusso S., Hofman P., Lalande S., et al. Impaired stroke volume and aerobic capacity in 
female adolescents with type 1 and type 2 diabetes mellitus. Diabetologia. Jul 
2008;51(7):1317-1320. 

193. Estacio R. O., Regensteiner J. G., Wolfel E. E., et al. The association between diabetic 
complications and exercise capacity in NIDDM patients. Diabetes Care. Feb 
1998;21(2):291-295. 

194. Regensteiner J. G., Sippel J., McFarling E. T., et al. Effects of non-insulin-dependent 
diabetes on oxygen consumption during treadmill exercise. Med Sci Sports Exerc. May 
1995;27(5):661-667. 

195. Driscoll S. D., Meininger G. E., Lareau M. T., et al. Effects of exercise training and 
metformin on body composition and cardiovascular indices in HIV-infected patients. 
Aids. Feb 20 2004;18(3):465-473. 

196. Driscoll S. D., Meininger G. E., Ljungquist K., et al. Differential effects of metformin 
and exercise on muscle adiposity and metabolic indices in human immunodeficiency 
virus-infected patients. J Clin Endocrinol Metab. May 2004;89(5):2171-2178. 

197. Dolan S. E., Frontera W., Librizzi J., et al. Effects of a supervised home-based aerobic 
and progressive resistance training regimen in women infected with human 
immunodeficiency virus: a randomized trial. Arch Intern Med. Jun 12 
2006;166(11):1225-1231. 

198. Terry L Sprinz E, Stein R, Mederios N, et al. Exercise training in HIV-1-infected 
individuals with dyslipidemia and lipodystrophy. Med Sci Sports Exerc. 2006;38(3):411-
417. 

199. Thoni G. J., Fedou C., Brun J. F., et al. Reduction of fat accumulation and lipid disorders 
by individualized light aerobic training in human immunodeficiency virus infected 
patients with lipodystrophy and/or dyslipidemia. Diabetes Metab. Nov 2002;28(5):397-
404. 



146 

200. Yarasheski K. E., Tebas P., Stanerson B., et al. Resistance exercise training reduces 
hypertriglyceridemia in HIV-infected men treated with antiviral therapy. J Appl Physiol. 
Jan 2001;90(1):133-138. 

201. DiPietro L. The epidemiology of physical activity and physical function in older people. 
Med Sci Sports Exerc. May 1996;28(5):596-600. 

202. National Institute of Health: Patient-Reported Outcomes Measurement Information 
System Domain Definitions. 
http://www.nihpromis.org/Wed%20Pages/Domain%20Definitions.aspx. Accessed April 
10, 2008. 

203. Boyle P. A., Buchman A. S., Wilson R. S., et al. Physical activity is associated with 
incident disability in community-based older persons. J Am Geriatr Soc. Feb 
2007;55(2):195-201. 

204. Manini T. M., Everhart J. E., Patel K. V., et al. Daily activity energy expenditure and 
mortality among older adults. Jama. Jul 12 2006;296(2):171-179. 

205. Lang I. A., Guralnik J. M., Melzer D. Physical activity in middle-aged adults reduces 
risks of functional impairment independent of its effect on weight. J Am Geriatr Soc. Nov 
2007;55(11):1836-1841. 

206. Clark D. O. The effect of walking on lower body disability among older blacks and 
whites. Am J Public Health. Jan 1996;86(1):57-61. 

207. LaCroix A. Z., Guralnik J. M., Berkman L. F., et al. Maintaining mobility in late life. II. 
Smoking, alcohol consumption, physical activity, and body mass index. Am J Epidemiol. 
Apr 15 1993;137(8):858-869. 

208. Mor V., Murphy J., Masterson-Allen S., et al. Risk of functional decline among well 
elders. J Clin Epidemiol. 1989;42(9):895-904. 

209. Seeman T. E., Berkman L. F., Charpentier P. A., et al. Behavioral and psychosocial 
predictors of physical performance: MacArthur studies of successful aging. J Gerontol A 
Biol Sci Med Sci. Jul 1995;50(4):M177-183. 

210. Simonsick E. M., Lafferty M. E., Phillips C. L., et al. Risk due to inactivity in physically 
capable older adults. Am J Public Health. Oct 1993;83(10):1443-1450. 

211. Huang Y., Macera C. A., Blair S. N., et al. Physical fitness, physical activity, and 
functional limitation in adults aged 40 and older. Med Sci Sports Exerc. Sep 
1998;30(9):1430-1435. 

http://www.nihpromis.org/Wed%20Pages/Domain%20Definitions.aspx�


147 

212. United States Department of Health and Human Services. Healthy People 2010: 
Understanding and improving health. Vol 2nd ed: U.S. Government Printing Office; 
2000. 

213. Plotnikoff R. C., Taylor L. M., Wilson P. M., et al. Factors associated with physical 
activity in Canadian adults with diabetes. Med Sci Sports Exerc. Aug 2006;38(8):1526-
1534. 

214. Plotnikoff R. C., Lippke S., Karunamuni N., et al. Co-morbidity, functionality and time 
since diagnosis as predictors of physical activity in individuals with type 1 or type 2 
diabetes. Diabetes Res Clin Pract. Oct 2007;78(1):115-122. 

215. Wilson I. B., Cleary P. D. Clinical predictors of functioning in persons with acquired 
immunodeficiency syndrome. Med Care. Jun 1996;34(6):610-623. 

216. Wilson I. B., Cleary P. D. Clinical predictors of declines in physical functioning in 
persons with AIDS: results of a longitudinal study. J Acquir Immune Defic Syndr Hum 
Retrovirol. Dec 15 1997;16(5):343-349. 

217. Seeman T., Chen X. Risk and protective factors for physical functioning in older adults 
with and without chronic conditions: MacArthur Studies of Successful Aging. J Gerontol 
B Psychol Sci Soc Sci. May 2002;57(3):S135-144. 

218. Stewart A. L., Hays R. D., Wells K. B., et al. Long-term functioning and well-being 
outcomes associated with physical activity and exercise in patients with chronic 
conditions in the Medical Outcomes Study. J Clin Epidemiol. Jul 1994;47(7):719-730. 

219. Bhavan K. P., Kampalath V. N., Overton E. T. The aging of the HIV epidemic. Curr 
HIV/AIDS Rep. Aug 2008;5(3):150-158. 

220. Oursler K. K., Goulet J. L., Leaf D. A., et al. Association of comorbidity with physical 
disability in older HIV-infected adults. AIDS Patient Care STDS. Nov 2006;20(11):782-
791. 

221. Rowe J. W., Kahn R. L. Successful aging. Gerontologist. Aug 1997;37(4):433-440. 

222. Cress M. E., Schechtman K. B., Mulrow C. D., et al. Relationship between physical 
performance and self-perceived physical function. J Am Geriatr Soc. Feb 1995;43(2):93-
101. 

223. Lee C. E., Simmonds M. J., Novy D. M., et al. Self-reports and clinician-measured 
physical function among patients with low back pain: a comparison. Arch Phys Med 
Rehabil. Feb 2001;82(2):227-231. 



148 

224. Elam J. T., Graney M. J., Beaver T., et al. Comparison of subjective ratings of function 
with observed functional ability of frail older persons. Am J Public Health. Sep 
1991;81(9):1127-1130. 

225. Ferrer M., Lamarca R., Orfila F., et al. Comparison of performance-based and self-rated 
functional capacity in Spanish elderly. Am J Epidemiol. Feb 1 1999;149(3):228-235. 

226. Reuben D. B., Valle L. A., Hays R. D., et al. Measuring physical function in community-
dwelling older persons: a comparison of self-administered, interviewer-administered, and 
performance-based measures. J Am Geriatr Soc. Jan 1995;43(1):17-23. 

227. Rozzini R., Frisoni G. B., Ferrucci L., et al. The effect of chronic diseases on physical 
function. Comparison between activities of daily living scales and the Physical 
Performance Test. Age Ageing. Jul 1997;26(4):281-287. 

228. Mannerkorpi K., Svantesson U., Broberg C. Relationships between performance-based 
tests and patients' ratings of activity limitations, self-efficacy, and pain in fibromyalgia. 
Arch Phys Med Rehabil. Feb 2006;87(2):259-264. 

229. Sherman S. E., Reuben D. Measures of functional status in community-dwelling elders. J 
Gen Intern Med. Dec 1998;13(12):817-823. 

230. Simmonds M. J., Novy D., Sandoval R. The differential influence of pain and fatigue on 
physical performance and health status in ambulatory patients with human 
immunodeficiency virus. Clin J Pain. May-Jun 2005;21(3):200-206. 

231. O'Dell M. W., Hubert H. B., Lubeck D. P., et al. Physical disability in a cohort of persons 
with AIDS: data from the AIDS Time-Oriented Health Outcome Study. Aids. Jun 
1996;10(6):667-673. 

232. Crystal S., Fleishman J. A., Hays R. D., et al. Physical and role functioning among 
persons with HIV: results from a nationally representative survey. Med Care. Dec 
2000;38(12):1210-1223. 

233. Rusch M., Nixon S., Schilder A., et al. Prevalence of activity limitation among persons 
living with HIV/AIDS in British Columbia. Can J Public Health. Nov-Dec 
2004;95(6):437-440. 

234. Oursler K. K., Sorkin J. D., Smith B. A., et al. Reduced aerobic capacity and physical 
functioning in older HIV-infected men. AIDS Res Hum Retroviruses. Nov 
2006;22(11):1113-1121. 

235. Bauer L. O., Ceballos N. A., Shanley J. D., et al. Sensorimotor dysfunction in HIV/AIDS: 
effects of antiretroviral treatment and comorbid psychiatric disorders. Aids. Mar 25 
2005;19(5):495-502. 



149 

236. Abbatecola A. M., Ferrucci L., Ceda G., et al. Insulin resistance and muscle strength in 
older persons. J Gerontol A Biol Sci Med Sci. Oct 2005;60(10):1278-1282. 

237. Brach J. S., Talkowski J. B., Strotmeyer E. S., et al. Diabetes mellitus and gait 
dysfunction: possible explanatory factors. Phys Ther. Nov 2008;88(11):1365-1374. 

238. Cetinus E., Buyukbese M. A., Uzel M., et al. Hand grip strength in patients with type 2 
diabetes mellitus. Diabetes Res Clin Pract. Dec 2005;70(3):278-286. 

239. De Rekeneire N., Resnick H. E., Schwartz A. V., et al. Diabetes is associated with 
subclinical functional limitation in nondisabled older individuals: the Health, Aging, and 
Body Composition study. Diabetes Care. Dec 2003;26(12):3257-3263. 

240. Gregg E. W., Beckles G. L., Williamson D. F., et al. Diabetes and physical disability 
among older U.S. adults. Diabetes Care. Sep 2000;23(9):1272-1277. 

241. Okoro C. A., Zhong Y., Ford E. S., et al. Association between the metabolic syndrome 
and its components and gait speed among U.S. adults aged 50 years and older: a cross-
sectional analysis. BMC Public Health. 2006;6:282. 

242. Sayer A. A., Dennison E. M., Syddall H. E., et al. Type 2 diabetes, muscle strength, and 
impaired physical function: the tip of the iceberg? Diabetes Care. Oct 2005;28(10):2541-
2542. 

243. Volpato S., Blaum C., Resnick H., et al. Comorbidities and impairments explaining the 
association between diabetes and lower extremity disability: The Women's Health and 
Aging Study. Diabetes Care. Apr 2002;25(4):678-683. 

244. Figaro M. K., Kritchevsky S. B., Resnick H. E., et al. Diabetes, inflammation, and 
functional decline in older adults: findings from the Health, Aging and Body 
Composition (ABC) study. Diabetes Care. Sep 2006;29(9):2039-2045. 

245. Lazarus R., Sparrow D., Weiss S. T. Handgrip strength and insulin levels: cross-sectional 
and prospective associations in the Normative Aging Study. Metabolism. Nov 
1997;46(11):1266-1269. 

246. Kriska A. M., Saremi A., Hanson R. L., et al. Physical activity, obesity, and the incidence 
of type 2 diabetes in a high-risk population. Am J Epidemiol. Oct 1 2003;158(7):669-675. 

247. Kaslow R. A., Ostrow D. G., Detels R., et al. The Multicenter AIDS Cohort Study: 
rationale, organization, and selected characteristics of the participants. Am J Epidemiol. 
Aug 1987;126(2):310-318. 

248. Matthews D, Hosker J, Rudenski A, et al. Homeostasis model assessment: insulin 
resistance and beta-cell function from fasting plasma glucose and insulin concentrations 
in man. Diabetologia. Jul 1985;28(7):412-419. 



150 

249. Ware J. E., Jr. SF-36 health survey update. Spine. Dec 15 2000;25(24):3130-3139. 

250. Jenkinson C., Coulter A., Wright L. Short form 36 (SF36) health survey questionnaire: 
normative data for adults of working age. Bmj. May 29 1993;306(6890):1437-1440. 

251. McHorney C. A., Ware J. E., Jr., Raczek A. E. The MOS 36-Item Short-Form Health 
Survey (SF-36): II. Psychometric and clinical tests of validity in measuring physical and 
mental health constructs. Med Care. Mar 1993;31(3):247-263. 

252. Hays R. D., Sherbourne C. D., Mazel R. M. The RAND 36-Item Health Survey 1.0. 
Health Econ. Oct 1993;2(3):217-227. 

253. American Diabetes Association. Diagnosis and Classification of Diabetes Mellitus. 
Diabetes Care. 2004;27(S1). 

254. Bergersen B, Sandvik L, Bruun J, et al. Elevated Framingham risk score in HIV-positive 
patients on highly active antiretroviral therapy: results from a Norwegian study of 721 
subjects. Eur J Clin Microbiol Infect Dis. Aug 2004;23(8):625-630. 

255. Balkau B., Deanfield J. E., Despres J. P., et al. International Day for the Evaluation of 
Abdominal Obesity (IDEA): a study of waist circumference, cardiovascular disease, and 
diabetes mellitus in 168,000 primary care patients in 63 countries. Circulation. Oct 23 
2007;116(17):1942-1951. 

256. Palella F, Cole S, Chmiel J, et al. Anthropometrics and examiner-reported body habitus 
abnormalities in the multicenter AIDS cohort study. Clin Infect Dis. Mar 15 
2004;38(6):903-907. 

257. Bacchetti P., Gripshover B., Grunfeld C., et al. Fat distribution in men with HIV 
infection. J Acquir Immune Defic Syndr. Oct 1 2005;40(2):121-131. 

258. Fat distribution in women with HIV infection. J Acquir Immune Defic Syndr. Aug 15 
2006;42(5):562-571. 

259. Brown T, Li X, Cole S, et al. Cumulative exposure to nucleoside analogue reverse 
transcriptase inhibitors is associated with insulin resistance markers in the Multicenter 
AIDS Cohort Study. Aids. Sep 2 2005;19(13):1375-1383. 

260. Effros R. B., Fletcher C. V., Gebo K., et al. Aging and infectious diseases: workshop on 
HIV infection and aging: what is known and future research directions. Clin Infect Dis. 
Aug 15 2008;47(4):542-553. 

261. Mozaffarian D., Kamineni A., Carnethon M., et al. Lifestyle risk factors and new-onset 
diabetes mellitus in older adults: the cardiovascular health study. Arch Intern Med. Apr 
27 2009;169(8):798-807. 



151 

262. Longenberger A., Lim J.Y., Orchard T. J., et al. Self-reported physical function is 
associated with diabetes mellitus and insulin resistance in HIV-infected and HIV negative 
men. Future HIV Therapy. 2008;2(6):539-549. 

263. Silvestre A Hylton J, Johnson L, Houston C, Witt M, Jacobson L, Ostrow D. Recruiting 
minority men who have sex with men for HIV research: results from a 4-city campaign. 
American Journal of Public Health. 2006;96(6):1020-1027. 

264. Bing E. G., Hays R. D., Jacobson L. P., et al. Health-related quality of life among people 
with HIV disease: results from the Multicenter AIDS Cohort Study. Qual Life Res. Feb 
2000;9(1):55-63. 

265. Department of Health and Human Services and Henry J. Kaiser Family Foundation. 
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 Recomm Rep. Apr 24 1998;47(RR-5):43-82. 

266. Dybul M., Fauci A. S., Bartlett J. G., et al. Guidelines for using antiretroviral agents 
among HIV-infected adults and adolescents. Ann Intern Med. Sep 3 2002;137(5 Pt 
2):381-433. 

267. Noor M. A. The role of protease inhibitors in the pathogenesis of HIV-associated insulin 
resistance: cellular mechanisms and clinical implications. Curr HIV/AIDS Rep. Aug 
2007;4(3):126-134. 

268. Bostrom C., Harms-Ringdahl K., Nordemar R. Relationships between measurements of 
impairment, disability, pain, and disease activity in rheumatoid arthritis patients with 
shoulder problems. Scand J Rheumatol. 1995;24(6):352-359. 

269. Howard A, Floris-Moore M, Lo Y, et al. Abnormal glucose metabolism among older men 
with or at risk of HIV infection. HIV Med. Sep 2006;7(6):389-396. 

270. Sayer A. A., Syddall H. E., Dennison E. M., et al. Grip strength and the metabolic 
syndrome: findings from the Hertfordshire Cohort Study. Qjm. Nov 2007;100(11):707-
713. 

271. Kaslow R, Ostrow D, Detels R, et al. The Multicenter AIDS Cohort Study: rationale, 
organization, and selected characteristics of the participants. Am J Epidemiol. Aug 
1987;126(2):310-318. 

272. Riley E. D., Bangsberg D. R., Perry S., et al. Reliability and validity of the SF-36 in HIV-
infected homeless and marginally housed individuals. Qual Life Res. Dec 
2003;12(8):1051-1058. 



152 

273. Anderson J. P., Kaplan R. M., Coons S. J., et al. Comparison of the Quality of Well-being 
Scale and the SF-36 results among two samples of ill adults: AIDS and other illnesses. J 
Clin Epidemiol. Sep 1998;51(9):755-762. 

274. Lamping DL. Measuring quality of life in HIV infection: validation of the SF-36 short-
from health survey. Paper presented at: Int Conf AIDS, 1993. 

275. Hsiung P. C., Fang C. T., Chang Y. Y., et al. Comparison of WHOQOL-bREF and SF-36 
in patients with HIV infection. Qual Life Res. Feb 2005;14(1):141-150. 

276. Wachtel T., Piette J., Mor V., et al. Quality of life in persons with human 
immunodeficiency virus infection: measurement by the Medical Outcomes Study 
instrument. Ann Intern Med. Jan 15 1992;116(2):129-137. 

277. Mathiowetz V., Kashman N., Volland G., et al. Grip and pinch strength: normative data 
for adults. Arch Phys Med Rehabil. Feb 1985;66(2):69-74. 

278. Hageman P. A., Blanke D. J. Comparison of gait of young women and elderly women. 
Phys Ther. Sep 1986;66(9):1382-1387. 

279. Ostrosky K. M., VanSwearingen J. M., Burdett R. G., et al. A comparison of gait 
characteristics in young and old subjects. Phys Ther. Jul 1994;74(7):637-644; discussion 
644-636. 

280. Schiller D. S. Identification, management, and prevention of adverse effects associated 
with highly active antiretroviral therapy. Am J Health Syst Pharm. Dec 1 
2004;61(23):2507-2522. 

281. Hutchinson A. B., Farnham P. G., Dean H. D., et al. The economic burden of HIV in the 
United States in the era of highly active antiretroviral therapy: evidence of continuing 
racial and ethnic differences. J Acquir Immune Defic Syndr. Dec 1 2006;43(4):451-457. 

 

 


	TITLE PAGE

	COMMITTEE PAGE

	ABSTRACT

	TABLE OF CONTENTS

	LIST OF TABLES

	LIST OF FIGURES

	PREFACE
	1.0  INTRODUCTION
	1.1 SPECIFIC AIMS
	1.2 BACKGROUND
	1.2.1  Introduction
	1.2.2 Glucose disorders
	1.2.2.1 Diabetes
	1.2.2.2  Insulin Resistance

	1.2.3  Diabetes and physical activity in HIV-uninfected populations
	1.2.3.1  Physical activity and exercise
	1.2.3.2  Prevention of diabetes
	1.2.3.3  Metabolic effects of physical activity in diabetes management

	1.2.4 HIV Epidemiology
	1.2.5 Glucose disorders in HIV-infected populations
	1.2.5.1 Diabetes Mellitus
	1.2.5.2 Insulin resistance
	1.2.5.3 Risk factors for glucose disorders in HIV-infected populations

	1.2.6 Physical activity in HV-infected populations
	1.2.6.1 Prevalence
	Table 1. Physical activity prevalence studies in HIV-infected populations
	1.2.6.2 Prevention of diabetes in HIV-infected populations
	Table 2. Studies assessing physical activity as a risk factor for diabetes and insulin resistance in HIV-infected populations
	1.2.6.3 Management of glucose disorders

	1.2.7 Physical activity and physical function correlation
	1.2.7.1 HIV-uninfected populations
	1.2.7.2 HIV-infected populations

	1.2.8 Relationship between self-report and performance-based measures of physical function
	1.2.8.1 HIV-uninfected populations
	1.2.8.2 HIV-infected populations
	1.2.8.3 Physical function and glucose disorders

	1.2.9 Summary


	2.0  MANUSCRIPT 1:  SELF-REPORTED LOW PHYSICAL FUNCTION IS ASSOCIATED WITH DIABETES MELLITUS AND INSULIN RESISTANCE IN HIV-INFECTED AND HIV-NEGATIVE MEN
	2.1 ABSTRACT
	2.2 INTRODUCTION
	2.3 METHODS
	2.3.1 Study participants
	2.3.2 Outcome Ascertainment-Diabetes Mellitus and Insulin Resistance
	2.3.3 Exposure-Self-Reported Physical Function
	2.3.4 Covariates
	2.3.5 Statistical Methods

	2.4 RESULTS
	2.5 DISCUSSION
	2.6  CONCLUSIONS
	2.7  SUMMARY POINTS
	2.8  FUTURE PERSPECTIVE
	2.9  TABLES
	Table 3. Physical Function 10 (PF 10) questions from the Medical Outcomes Study (MOS) 36-Item Short Form Health Survey (SF 36)
	Table 4. Baseline demographics by HIV serostatus and glucose levels
	Table 5. Mean cross-sectional Physical Function 10 scores from the Short Form-36 by diabetes status at each visit date (HIV-negative and HIV-positive men)
	Table 6.  Baseline characteristics of study populations by HIV serostatus and insulin levels
	Table 7. Baseline physical function score by HIV serostatus and HOMA score
	Table 8. Multivariate logistic regression analysis of baseline factors associated with diabetes and insulin resistance among HIV-positive and -negative men

	2.10 FIGURES
	Figure 1.  Mean baseline physical function scores by diabetes status for HIV-negative men, HIV-positive men, and men with AIDS (Mean + 1 standard deviation) 


	3.0  MANUSCRIPT 2: LOW PHYSICAL FUNCTION AS A RISK FACTOR FOR INCIDENT DIABETES MELLITUS AND INSULIN RESISTANCE IN THE MULTICENTER AIDS COHORT STUDY
	3.1 ABSTRACT
	3.2 INTRODUCTION
	3.3 METHODS
	3.3.1 Study Participants
	3.3.2 End Point Ascertainment-Diabetes Mellitus and Insulin Resistance
	3.3.3 Exposure-Self-reported Physical Function
	3.3.4 Assessment of Exposure to Antiretroviral Therapy
	3.3.5 Statistical Analysis

	3.4 RESULTS
	3.5 DISCUSSION
	3.6 TABLES
	Table 9.  Characteristics of 1790 men at the index visit
	Table 10.  Baseline characteristics of men with high and low physical function stratified by HIV serostatus
	Table 11.  Cox regression for incident diabetes mellitus
	Table 12.  Cox regression for incident insulin resistance

	3.7 FIGURES 
	Figure 2.  Kaplan-Meier survival curve for incident DM among HIV-uninfected and HIV-infected men with high and low physical function at baseline using the more stringent definition of diabetes and less stringent definition of diabetes, respectively


	4.0  MANUSCRIPT 3:  ASSOCIATIONS BETWEEN SELF-REPORTED AND PERFORMANCE-BASED MEASURES OF PHYSICAL FUNCTION, DIABETES MELLITUS AND INSULIN RESISTANCE IN THE MULTICENTER AIDS COHORT STUDY
	4.1 ABSTRACT
	4.2 INTRODUCTION
	4.3 METHODS
	4.3.1 Study Participants
	4.3.2 Exposure: Measures of Physical Function
	4.3.2.1 Self-Report
	4.3.2.2 Performance-based

	4.3.3 Outcome: Diabetes Mellitus and Insulin Resistance
	4.3.4 Covariates
	4.3.5 Data Analysis

	4.4 RESULTS
	4.5 DISCUSSION
	4.6 TABLES
	Table 13.  Characteristics of 2079 men at visit 48
	Table 14.  Relationships between self-report and performance-based measures of physical function by Spearman rank order correlations stratified by HIV serostatus
	Table 15.  Mean self-reported physical function ten scores by gait speed and handgrip strength quartile, stratified by HIV serostatus
	Table 16.  Logistic regression analysis of factors associated with diabetes and insulin resistance among HIV-uninfected and HIV-infected men at visit 48


	5.0  CONCLUSION
	5.1 FUTURE RESEARCH
	5.2 PUBLIC HEALTH RELEVANCE

	BIBLIOGRAPHY



