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LAY ABSTRACT 

It is well established within the general population that waist circumference 

(WC) is a strong predictor of disease and death.  That is, the larger the WC the 

greater the risk.  More recently it has been observed that the addition of hip 

circumference (HC) to WC improves our ability to identify adults at increased 

health risk.  Curiously, the way in which HC conveys protection is not intuitive – 

for a given WC the larger the HC the lower the risk.  Although the reasons for this 

are not clear and are the basis for much investigation, initial thinking is that a 

lower HC may help identify those with a WC that has more visceral fat.  This is 

important because visceral fat is also a strong predictor of disease and death.  

We looked at the associations between WC and HC with insulin resistance, 

type 2 diabetes, hypertension and cardiovascular disease in a large group of 

HIV-infected patients.  This was interesting because persons infected with HIV 

and who are treated with antiretroviral therapy often present with low HC and 

high WC and therefore we thought the combination of WC and HC may help 

identify those at increased health risk.  In fact we did observe that the addition of 

HC to WC identified those at increased health risk superior to WC alone.  

Therefore the primary finding of our work was that the combination of WC and 

HC improved the identification of individuals at risk for disease compared to WC 

alone.  The future will require that we develop specific values for WC and HC that 

can be used together that would assist the clinician in identifying high-risk HIV-

infected individuals.  This is important as recent estimates suggest that 34 million 

individuals worldwide are infected with HIV. 
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CHAPTER 1: GENERAL INTRODUCTION 

 It is now accepted that obesity is one of the main threats to human health 

in the twenty-first century.  Obesity increases the risk of morbidity and mortality, 

and reduces the quality of life of individuals, independent of age, gender or 

ethnicity.  The total number of people with obesity worldwide was estimated at 

396 million in 2005 and is projected to increase to 1.2 billion in 2030 if secular 

trends continue (90).  Nevertheless, it is becoming increasingly apparent that the 

presence of excess body fat does not always indicate an elevated disease risk; 

nor does its absence guarantee a lack thereof (86).  Thus, one of today’s 

greatest challenges in the field of obesity is the pragmatic identification of obese 

individuals who are at increased cardiometabolic risk.  In trying to address this 

issue, many attempts have evolved over the years including the use of Quételet’s 

index, body mass index (BMI), the waist-to-hip ratio, as well as the combination 

of other anthropometric measures.   

More than sixty years ago Jean Vague was the first to suggest that 

centralized fat is a superior risk indicator compared to peripheral fat (185, 186).  

Since then, researchers have continued to examine the relationship between 

body fat distribution and health risk.  In the early 1980’s the waist-to-hip ratio was 

popularized as a powerful screening tool to identify high-risk (cardiometabolic risk 

and morbidity) phenotypes independent of BMI (105, 106).  It was later argued 

that waist circumference (WC) alone should be used for anthropometric 

screening (141).  However, since WC cannot fully discriminate abdominal 

subcutaneous adipose tissue (SAT) from visceral adipose tissue (VAT), its 
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sensitivity is limited.  More recently, it has been reported that the combination of 

WC and hip (HC) or thigh (ThC) circumference may be a better screening tool for 

health risk than WC alone.  Indeed, numerous studies have noted that for a given 

WC, a larger HC or ThC is associated with an improved cardiometabolic profile 

and reduced risk of morbidity (75, 139, 167, 173).  

In 1997, Seidell et al. (160) first reported that for a given BMI, diabetics 

had a smaller HC compared to non-diabetics, regardless of age or lifestyle 

factors.  A few years later, Lissner et al. (114) extended this observation and 

were among the first to show that following control for BMI and WC, HC was 

inversely associated with myocardial infarction, cardiovascular disease (CVD) 

and type 2 diabetes (T2D).  In 2003, Snijder et al. (167) again confirmed that for 

a given WC, HC was inversely associated with morbidity.  They reported that HC 

in both sexes and ThC in women were negatively associated with T2D 

independent of WC, BMI and age.  Subsequently in a similar study, they 

demonstrated that HC also had independent and opposite associations with 

hypertension and dyslipidemia upon control for WC (173).  Similar associations 

have been reported between HC and cardiometabolic risk and morbidity in a 

variety of subjects of different age and race (44, 56, 87, 152, 202).  

Moreover, after control for WC, HC is also inversely associated with 

mortality, as demonstrated in 2004 by Bigaard et al (18).  They observed that WC 

alone showed a strong association with all-cause mortality when HC was 

controlled for.  However, upon adjustment for WC, they reported an inverse 

association between HC and all-cause mortality.  In other words, if two people 
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present with the same WC, the individual with the lower HC will be at greater risk 

of mortality.  Similar associations between HC and CVD mortality and all-cause 

mortality have since been reported (31, 75, 76, 203). 

It has been suggested that the ‘protective’ effect of having an increased 

HC for a given WC might be due to the greater accumulation of SAT (168).  

Numerous studies have confirmed the protective role of lower-body SAT using 

radiographic imaging in subjects with a wide range of age, BMI and comorbidity 

(4, 23, 28, 33, 34, 147, 202).  Emerging evidence suggests that lower-body SAT, 

measured by HC, ThC or body fat, may have the ability to act as a buffer by 

storing excess lipids, thus protecting other depots such as the liver, muscle and 

VAT from a lipid spillover (63, 109).  The partitioning of extra energy into 

functional, insulin-sensitive lower-body adipocytes might act as a “metabolic sink” 

and may lead to a more favorable lipoprotein profile through increased lipoprotein 

lipase activity, increased catabolism of triglyceride-rich lipoproteins and 

increased clearance of dietary-derived triglycerides (109).  This is preferential to 

lipids being stored in other depots such as the liver, muscle or VAT, each of 

which is associated with metabolic consequences (67, 102, 113, 184).  

Alternatively, lower-body SAT may exert a protective role through endocrine 

secretion of various beneficial adipokines such as adiponectin and leptin (119). 

If the aforementioned hypothesis is correct, a greater HC or ThC for a 

given WC may represent a phenotype with increased functional, insulin-sensitive 

lower-body adipocytes, and therefore lower levels of VAT since there would be 

minimal spillover of excess energy into ectopic tissues.  Indeed, Kuk et al. (101) 
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recently reported that HC, ThC, and BMI were positively associated with total, 

lower-body, and abdominal SAT and skeletal muscle but negatively associated 

with VAT after control for WC in men and women.  

The unique distribution of adipose tissues often observed in individuals 

infected with human immunodeficiency virus (HIV) treated with antiretroviral 

therapy (ART) may provide an optimal phenotype to further confirm these notions.  

HIV-associated lipodystrophy is often characterized by lipoatrophy of SAT and/or 

lipohypertrophy of VAT (83, 123).  Thus, given these adverse effects often 

observed in HIV-infected patients treated with ART we reason that the 

combination of WC and HC or ThC may provide an improved, pragmatic 

approach for identifying HIV-infected patients at increased cardiometabolic health 

risk.  We also reason that the addition of HC or ThC to WC may improve upon 

estimates of abdominal adiposity, in particular VAT, compared to those obtained 

by WC alone.  Therefore, the primary objective of this thesis is to determine 

whether for a given WC, a larger HC or ThC is associated with a reduced risk of 

insulin resistance, T2D, hypertension and CVD in HIV-infected patients.  A 

second objective is to determine whether, for a given WC, the addition of HC or 

ThC improves upon estimates of abdominal adiposity, in particular VAT, 

compared to those obtained by WC alone. 
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CHAPTER 2: LITERATURE REVIEW 

 

2.0.0 The obesity pandemic 

It is now accepted that obesity is one of the main threats to human health 

in the twenty-first century.  Obesity increases the risk of morbidity and mortality, 

and reduces the quality of life of individuals independent of age, gender or 

ethnicity.  The total number of people with obesity worldwide was estimated at 

396 million in 2005 and is projected to increase to 1.2 billion in 2030 if secular 

trends continue (90).  This global problem is associated with changes in lifestyle, 

including quantity and quality of diet, and decreased levels of physical activity. 

 

2.1.0 Obesity and body mass index 

 The positive association between total adiposity and increased risk of 

morbidity and mortality from obesity has been known for over 2000 years as 

Hippocrates noted that “sudden death was more common in those who are 

naturally fat than in the lean” (2).  However, defining obesity to identify individuals 

at increased health risk has been an ongoing debate.  In 1836, Quételet first 

developed the Quételet Index as the simple ratio of weight to height squared in 

an effort to search for a measure to describe the weight of an ‘average person’ 

(150).  However, he did not show interest in identifying those who were over- or 

underweight.  It wasn’t until the 1970’s when Ancel Keys showed that the 

Quételet Index, which he suggested be termed body mass index (BMI), was able 

to predict total adiposity with a moderate degree of accuracy (93).  Since then, 
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BMI has become the most common, indirect measurement of obesity.  Evidence-

based guidelines have been developed to define overweight and obese using 

BMI cut-points (1).  These guidelines identified a BMI between 25.0 and 29.9 

kg/m2 as overweight, and a BMI greater than or equal to 30.0 kg/m2 as obese.  

However, the use of BMI as a measurement of obesity has its limitations.  For 

example, BMI cannot differentiate between lean and fat mass, nor can it account 

for differences in relative fat distribution.  Further, BMI may not be an appropriate 

measure in all individuals for cardiometabolic risk as the association between 

BMI and cardiometabolic risk seems to vary according to sex (122) and ethnicity 

(163).  

 

2.1.1 Abdominal obesity 

In the 1940’s the French physician from the University of Marseille, Jean 

Vague, was the first to foresee that the distribution of fat may in fact be 

heterogeneous, and may be a stronger indicator of morbidity than body weight 

alone.  He noticed that obesity-related diseases including type 2 diabetes (T2D) 

and atherosclerosis were far more prevalent in men and women who 

accumulated excess fat in the trunk than in those who accumulated excess fat in 

the lower body (185, 186).  Through anthropometric measurements he 

characterized these two unique obesity phenotypes as: android obesity (apple-

shaped), represented by body fat accumulated in the abdomen, and gynoid 

obesity (pear-shaped), represented by body fat accumulated in the buttocks, hips 

and thighs (Figure 1).  However, since Vague was a clinical endocrinologist  
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Figure 1. Android obesity vs gynoid obesity (adapted from Vague (185, 186)). 
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rather than an epidemiologist, his pioneering observation initially received very 

little attention. 

Indeed, it took almost 35 years before his seminal observation received 

support from prospective studies.  In the early 1980’s, Kissebah’s group from the 

United States and Björntorp’s group from Sweden showed that for a given 

degree of obesity, the regional distribution of fat plays an important role in the 

development of metabolic dysregulation (94, 100).  More specifically, they noted 

that upper body (94) or abdominal obesity (100) was predictive of glucose 

intolerance, hyperinsulinemia and hypertriglyceridemia.  Soon after, longitudinal 

population studies from Gothenberg, Sweden, observed that abdominal obesity 

as assessed by the waist-to-hip ratio was associated with stroke and ischemic 

heart disease in men (106), and was the strongest anthropometric predictor of 

cardiovascular disease (CVD) in women (105).  Indeed, waist-to-hip ratio has 

been found to be a good predictor of T2D (35, 88) and coronary heart disease 

(61, 145).  A waist-to-hip ratio greater than 0.9 in men and 0.85 in women is often 

used to diagnose metabolic syndrome (3).  However, use of the waist-to-hip ratio 

as a crude index of the proportion of abdominal fat has its own misgivings.  

Properties unique to both adipose and lean tissues cannot be independently 

evaluated.  Additionally, a ratio prohibits the examination of non-linear 

associations between the waist and the hip.  
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2.1.2 Adipose tissues within the abdomen 

 Modern imaging techniques including computed tomography (CT) and 

magnetic resonance imaging (MRI) have made it possible to differentiate and 

quantify fat tissues within the abdomen.  The two most prominent fat tissues 

within the abdomen are visceral adipose tissue (VAT) and abdominal 

subcutaneous adipose tissue (ASAT).  VAT is located within the abdominal cavity 

while ASAT is located external to the abdominal muscles.  

In 1982, Borkan et al. (22) were the first to employ CT to evaluate 

abdominal fat tissue.  This was followed by the initial observation by Sparrow et 

al. (175) who were the first to report the association between VAT and health risk 

as assessed by CT.  They observed that the volume of VAT in men was 

positively correlated with plasma glucose concentration independent of total body 

fat.  

Since then, the majority of literature indicates that VAT is a strong 

predictor of dyslipidemia (131, 141), insulin sensitivity (14, 15, 92, 131, 142, 149), 

systemic inflammation (62), hypertension (74), T2D (24, 126), CVD (64, 117), 

morbidity (64) and mortality (102), independent of other fat depots.  Although it is 

widely reported that the accumulation of VAT is strongly and independently 

associated with increased cardiometabolic risk, there is evidence that ASAT and 

intermuscular adipose tissue may also be associated with health risk (68, 69, 172, 

200).  Attempts to define a critical cut-point of VAT accumulation beyond which 

health risk is elevated have been reported.  For example, Després and Lamarche 

(46) suggested that a cross-sectional area of VAT at the L4-L5 intervertebral 
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space greater than 130 cm2 be used as this was associated with a deterioration 

in metabolic variables and glucose tolerance.  However, to date, no age and sex 

specific VAT threshold values have been firmly established. 

Since the measurement of VAT using MRI or CT is impractical in a clinical 

setting, waist circumference (WC) has been deemed a simple surrogate measure 

of VAT among otherwise healthy individuals (141).  It is also a significant 

predictor of T2D and CVD after control for BMI in both men and women (41, 81, 

85, 145).  Based on this evidence, the National Institutes of Health identified sex 

specific WC cut-points to define abdominal obesity (WC > 102 and 88 cm in men 

and women, respectively) (1).  However, since WC cannot fully discriminate 

abdominal SAT from VAT, its sensitivity is limited.  Furthermore, these cut-points 

are not applicable to all population and ethnic groups.  For example, Asians have 

higher morbidity at lower WC cut-points compared to Caucasians (125).  More 

recently, other measures, such as the combination of WC and concentration of 

triglycerides, have been investigated to improve identification of high-risk 

(cardiometablic risk and morbidity) individuals.  

 

2.1.3 Hypertriglyceridemic waist 

In the early 2000’s, Després et al. (110) coined the term 

‘hypertriglyceridemic waist’ to indicate the potential predictive value of the 

combined increase in WC and triglycerides in relation with CVD risk.  They 

reported that men with the hypertriglyceridemic waist (>90 cm waist and >2.0 

mmol/L triglyceride concentrations) were at increased risk for coronary heart 
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disease.  They concluded that the hypertriglyceridemic waist could be used as a 

simple inexpensive tool to screen for those who present with increased risk.  

Indeed, more recently this screening tool has been shown to identify individuals 

with increased VAT (153) and with elevated CVD risk (10).  The combination of 

WC with anthropometric measures, such as hip circumference (HC), thigh 

circumference (ThC), and BMI, provides another tool for distinguishing those at 

increased risk for morbidity and mortality. 

 

2.2.0 Associations between WC, HC, ThC and BMI with morbidity and 

mortality  

 Although most studies following up on Jean Vague’s seminal observations 

focused on health risk associated with an expanding WC, a number of studies 

have also considered the health consequences associated with an expansion or 

reduction in HC or ThC.  In 1997, Seidell et al. (160) reported that for a given BMI, 

diabetics had a smaller HC compared to non-diabetics, regardless of their age 

and lifestyle factors.  A few years later, Lissner et al. (114) extended this 

observation and were among the first to show that following control for BMI and 

WC, HC was inversely associated with myocardial infarction, CVD and T2D.   

In 2003, Snijder et al. also showed that for a given WC, HC was inversely 

associated with morbidity.  They reported that HC in both sexes and ThC in 

women were negatively associated with T2D independent of WC, BMI and age 

(167).  Subsequently in a similar study, they showed that HC also had 

independent and opposite associations with hypertension and dyslipidemia (173).  
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Indeed, numerous studies have confirmed the inverse association observed 

between HC or ThC with T2D and CVD upon control for BMI and/or WC in a 

variety of subjects of different age and race (Table 1).  
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Table 1. Studies demonstrating the inverse associations between HC and/or ThC with morbidity and mortality after control for WC and/or BMI  

Author M/F Age Sample End-Point 
HC 

and/or 
ThC 

Adjustment 
for BMI 

and/or WC 
Association 

Rexrode et al. 
1998 (145) 0/44702 40-65 Caucasian CHD HC WC Inverse (NS) 

Seidell et al. 
2001 (161) 313/382 18-94 Caucasian T2D & CVD 

risk factors HC WC 

Inverse 
HDL: β= 0.01, r2= 0.11 (M only) 
TG: β= -0.04, r2= 0.31 (M) 
       β= -0.02, r2= 0.24 (F) 
Fasting insulin: β= -1.36, r2= 0.54 (M) 
                         β= -1.02, r2= 0.50 (F) 
Fasting glucose: β= -0.04, r2= 0.17 (M only)  

Lissner et al. 
2001 (114) 0/1462 38-60 Caucasian 

T2D & CVD 
Morbidity & 
Mortality  

HC BMI & WC 
Inverse 
Q1 vs. Q4 
HR= 1 vs. 0.59 [CI: 0.35-0.99] 

Snijder et al. 
2003 (167) 619/738 50-75 Caucasian T2D HC & 

ThC BMI & WC 

Inverse  
Per 1 SD increase in HC 
OR= 0.55 [CI: 0.36-0.85] (M) 
OR= 0.63 [CI: 0.42-0.94] (F)  
Per 1 SD increase in ThC 
OR= 0.64 [CI: 0.46-0.93] (F only) 

Snijder et al. 
2003 (169) 1099/1281 50-75 Caucasian T2D risk 

factors 
HC & 
ThC BMI & WC 

Inverse 
HC 
Fasting glucose: β= -0.10 (M) 
                           β= -0.22 (F) 
OGTT: β= -0.21 (M) 
            β= -0.30 (F)  
Hba1c: β= -0.10 (M) 
           β= -0.18 (F)  
ThC 
Fasting glucose: β = -0.16 (F only) 
OGTT: β= -0.21 (F only) 
Hba1c: β= -0.19 (F only) 
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Snijder et al. 
2004 (173) 3818/4582 >25 Caucasian T2D, CVD HC BMI & WC 

Inverse 
Per 1 SD increase in HC 
T2D: OR= 0.55 [CI: 0.41-0.73] (M) 
         OR= 0.42 [CI: 0.27-0.65] (F) 
Dyslipidemia: OR= 0.58 [CI: 0.50-0.67] (M) 
                      OR= 0.37 [CI: 0.30-0.45] (F)  
Hypertension: OR= 0.80 [CI: 0.69-0.93] (M   
                                only) 

Snijder et al. 
2004 (174) 2875/3459 >20 Pacific Islanders T2D risk 

factors HC BMI & WC 

Inverse 
Micronesian 
Fasting glucose: β= -0.32 (M only) 
Melanesian 
Fasting glucose: β= -0.38 (M only) 
OGTT: β= -0.46 (M only) 
Indian 
Fasting glucose: β= -0.22 (M) 
                           β= -0.19 (F) 
OGTT: β= -0.30 (M) 
            β= -0.22 (F) 
Creole 
Fasting glucose: β= -0.17 (M) 
                           β= -0.22 (F) 
OGTT: β= -0.27 (M) 
            β= -0.28 (F) 

Heitmann et al. 
2004 (76) 1514/1446 35-65 Caucasian 

CVD 
Morbidity & 
Mortality 

HC BMI & WC 
Inverse 
Q1 vs. Q4 
HR= 1 vs. 0.23 [CI: 0.10-0.53] (F only) 

Bigaard et al. 
2004 (18) 27178/29875 50-64 Caucasian Mortality HC BMI & WC 

Inverse 
HR= 0.65 [CI: 0.58-0.74] (M) 
HR= 0.75 [CI: 0.65-0.86] (F) 

Yusuf et al. 
2005 (202) 27098 (M&F) n/a 

52 Countries 
from Asia, 
Europe, Middle 
East, Africa, 
Australia, North 
America & 
South America 

CVD HC BMI 
Inverse 
Q1 vs. Q5 
OR= 1 vs. 0.73 [CI: 0.66-0.80] 
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Sakai et al. 
2005(152) 1249/3007 20-79 Asian T2D, CVD HC BMI & WC 

Inverse 
Per 1 cm increase in HC 
Hypertension: OR= 0.92 [CI: 0.87-0.98] (M)        
                       OR= 0.94 [CI: 0.91-0.98] (F)  
Dyslipidemia: OR= 0.92 [CI: 0.87-0.96] (M) 
                      OR= 0.96 [CI: 0.93-0.98] (F) 
Diabetes: OR= 0.88 [CI: 0.79-0.97] (M) 
                OR= 0.90 [CI: 0.84-0.98] (F) 

Esmaillzadeh et 
al. 2006 (56) 4040/0 18-74 Middle Eastern T2D HC BMI & WC 

Inverse 
Q1 vs. Q5 
OR= 1 vs. 0.20 [CI: 0.09-0.45] 

Benetou et al. 
2006 (17) 2034/8803 25-82 Caucasian CVD HC BMI & WC 

Inverse  
Non-HDL: β= -1.11 (F only) 
HDL: β= 0.85 (F only) 

Canoy et al. 
2007 (33) 11117/13391 45-79 Caucasian CVD HC BMI & WC 

Inverse 
Per 1 SD increase in HC 
HR= 0.80 [CI: 0.74-0.87] (M) 
HR= 0.80 [CI: 0.69-0.93] (F) 

Rocha et al. 
2008 (147) 0/140 24-50 Hispanic T2D & CVD 

risk factors HC WC & BMI 
Inverse 
Fasting insulin: β= -0.29, r2 = 0.25 
Hba1c: β= -0.25, r2 =0.13 

Zhang et al. 
2008 (203) 0/44636 30-55 Caucasian 

All-Cause & 
CVD 
Mortality 

HC BMI & WC 
Inverse 
Q1 vs. Q5 
HR= 1 vs. 0.62 [CI: 0.44-0.88] 

Yang et al. 
2008 (198) 0/48052 30-50 Caucasian CVD HC BMI  Inverse (NS) 

Parker et al. 
2009 (139) 4674/6093 45-64 

Caucasian & 
African 
American 

T2D, CVD HC BMI & WC 
Inverse 
Q1 vs. Q5 
HR= 1 vs. 0.5 [CI: 0.41-0.82] 

Heitmann & 
Frederiksen 
2009 (75) 

1436/1380 35-65 Caucasian 
All-Cause & 
CVD 
Mortality 

ThC BMI & WC 

Inverse 
Median vs. top 10% 
HR= 1 vs. 0.62 [CI: 0.47-0.83] (M) 
HR= 1 vs. 0.54 [CI: 0.36-0.82] (W) 

de Koning et al. 
2010 (45) 8917/13376 >30 

Aboriginal, 
African, Asian, 
Caucasian & 
Hispanic 

T2D HC WC 

Inverse 
Per 1 SD increase in HC 
OR= 0.67 [CI: 0.61-0.73] (M) 
OR= 0.80 [CI: 0.74-0.86] (F) 
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Conway et al. 
2011 (44) 56103/68273 40-74 Asian T2D HC BMI & WC 

Inverse 
Q1 vs. Q5 
HR= 1 vs. 0.78 [CI: 0.62-0.84] (M) 
HR= 1 vs. 0.65 [CI: 0.56-0.75] (F) 

Katz et al. 2011 
(87) 1144/1776 28-69 Asian CVD Risk 

Factors HC BMI & WC 

Inverse 
Per 12 cm increase in HC 
Low HDL: ID= -132 [CI: -237, -26] (F only) 
Elevated TG: ID= -85 [CI: -138, -31] (F only) 

Petursson et al. 
2011 (140) 26461/30510 20-79 Caucasian CVD 

Mortality HC WC 

Inverse 
Per 10 cm increase in HC 
HR= 0.73 [CI: 0.62-0.86] (M) 
HR= 0.77 [CI: 0.68-0.88] (F) 

Cameron et al. 
2012 (31) 7978 >25 

 
Caucasian, 
African 
American & 
Asian 
 

All-Cause & 
CVD 
Mortality 

HC WC 
Inverse 
Per 1 SD increase in HC 
HR= 0.72 

 

Abbreviations: β, β-coefficient; BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; F, female; Hba1c, glycated hemoglobin; HC, hip 

circumference; HDL, high-density lipoprotein; HR, hazard ratio; ID, incident difference; M, male; NS, not significant; OGTT, oral glucose tolerance test; OR, odds 

ratio; Q, quartile; r2, coefficient of determination; SD, standard deviation; T2D, type 2 diabetes; TG, triglyceride; ThC, thigh circumference; WC, waist 

circumference. 
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Furthermore, after control for WC, HC is also inversely associated with 

mortality, as demonstrated in 2004 by Bigaard and colleagues (18).  As expected, 

they found that WC showed a strong association with all-cause mortality when 

HC was controlled for.  This notion has been established in many studies as WC, 

HC, ThC, and BMI are all positively associated with morbidity (110, 160, 161, 167, 

169, 173) and mortality (18, 19, 30, 102, 191).  However, after control for WC, 

they reported an inverse association between HC and all-cause mortality.  In 

other words, if two people present with the same WC, the individual with the 

lower HC will have an increased risk of mortality.  Similar observations with 

regards to CVD mortality and all-cause mortality have since been reported (31, 

75, 76, 203).   

It was suggested that the ‘protective’ effect of having an increased BMI, 

HC or ThC for a given WC might be due to the greater accumulation of 

subcutaneous adipose tissue (SAT) (168).  Snijder et al. (172) reported that thigh 

fat, measured by dual-energy x-ray absorptiometry (DXA) is negatively 

associated with glucose intolerance and with dyslipidemia after control for 

abdominal fat.  Therefore, it appears that an increase in lower-body SAT for a 

given abdominal fat provides a protective measure for morbidity and mortality.  

Indeed, numerous studies have confirmed the protective role of lower-body fat, 

measured by CT, MRI or DXA, in subjects with a wide range of age, BMI and 

comorbidity (Table 2).  
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Table 2. Associations between lower body fat, measured by CT, DXA or MRI, and cardiometabolic risk factors 

Author M/F Age Sample Method Site Adjustment  Association 

Terry et al. 
1991 (181) 133/130 25-49 n/a DXA Thigh fat mass WC  HDL: r= 0.38 (F only) 

Williams et 
al. 1997 
(195) 

0/224 17-77 Caucasian CT, DXA Leg fat mass Trunk fat mass 

 Total cholesterol: r= -0.17 
 LDL: r= -0.18 
 VLDL: r= -0.19 
 TG: r= -0.20 

Mynarcik et 
al. 2000 
(130) 

16/13 40-45 HIV+ 
Caucasian DXA Leg fat mass 

change () Trunk fat mass  Insulin sensitivity: r= 0.60 

Van Pelt et 
al. 2002 
(187) 

0/166 62-70 Caucasian DXA Leg fat mass Trunk fat mass 

 Post-OGTT insulin: r= -0.33 
 Insulin resistance: r= -0.34 
 TG: r= -0.35 
 HDL: r= 0.24 

Tankó et al. 
2003 (180) 0/1356 60-85 Caucasian DXA Arm & leg fat 

mass 
Central fat 
mass 

 TG: r= -0.21 
 Total cholesterol: r= -0.07  
 Fasting glucose: r= -0.10 
 Aortic calcification: r= -0.11 

Tankó et al. 
2003 (179) 0/316 50-76 Caucasian DXA Arm & leg fat 

mass 
Central fat 
mass 

 Progression of aortic calcification over 8         
     years: r= -0.23 

Ferreira et 
al. 2004 (60) 161/175 36 Caucasian DXA Arm & leg fat 

mass Trunk fat mass  Arterial stiffness: β= -0.24 

Okura et al. 
2004 (133) 0/128 34-66 Asian DXA Leg fat mass 

change () 
Whole-body 
fat mass 

 Diastolic blood pressure: r= -0.24 
 LDL: r= -0.17 
 Fasting glucose: r= -0.18 

Snijder et al. 
2004 (168) 275/281 50-75 Caucasian DXA Leg fat mass Trunk fat mass  Fasting glucose: β= -0.24 

 Post-OGTT glucose: β= -0.27 (F only) 
Snijder et al. 
2004 (171) 244/240 50-75 Caucasian DXA Leg fat mass Trunk fat mass  Arterial stiffness: β= 0.15 

Bos et al. 
2005 (23) 197/209 60-87 Caucasian DXA Leg fat mass Trunk fat mass  LPL activity: β= 0.14 (F only) 

 Hepatic lipase activity: β= -0.28 (F only) 

Snijder et al. 
2005 (172) 1019/1087 70-79 

Caucasian & 
African 
American 

CT Thigh SAT 
VAT & 
abdominal 
SAT mass 

 TG: β= -0.12 (M) 
            β= -0.13 (F) 
 HDL: β= 0.10 (M) 
             β= 0.09 (F) 
 Fasting glucose: β= -0.11 (M only) 
 Post-OGTT glucose: β= -0.14 (M only) 
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Buemann et 
al. 2006 (28) 443/0 39-65 Caucasian DXA Gluteo-femoral 

fat mass Trunk fat mass  Total cholesterol: parameter estimate= -9.16 
 TG: parameter estimate= -2.28 

Vega et al. 
2006 (189) 1121/813 18-65 

Caucasian & 
African 
American 

DXA % Leg fat % Total fat 

 HOMA-IR: r= -0.13 (Blacks) 
                      r= -0.29 (Whites) 
 CRP: r= -0.10 (Blacks) 
              r= -0.12 (Whites) 
 Systolic blood pressure: r= -0.17 (Blacks) 
                                           r= -0.25 (Whites) 

Albu et al. 
2007 (4) 0/49 30-45 

HIV+ 
Caucasian, 
African 
American 

MRI % Leg SAT VAT mass  Insulin sensitivity: r=0.64 

Rocha et al. 
2008 (147) 0/140 24-50 Hispanic CT Thigh total & 

SAT mass BMI  Hba1c: r= -0.23 
 LDL/HDL ratio: r= -0.25 

Yim et al. 
2008 (201) 104/215 >18 

Caucasian, 
African 
American & 
Asian 

MRI Thigh SAT mass VAT mass  Fasting insulin: β= -1.06 
 TG: β= -8.42 

Hunter et al. 
2010 (78) 0/187 21-36 

Caucasian& 
African 
American 

DXA Leg fat mass 
Intra-
abdominal fat 
mass 

 TG: r= -0.22 
 LDL: r= -0.21 
 HDL: r= 0.16 
 Fasting insulin: r= -0.16 
 Insulin sensitivity: r= 0.17 

Lake et al. 
2011 (104) 408/178 33-45 

HIV+ 
Caucasian & 
African 
American 

MRI Leg SAT VAT mass  Framingham risk score: r= -0.13 (M only) 

Sánchez-
López et al. 
2012 (154) 

178/504 18-30 Hispanic DXA Leg fat mass BMI 
 TG: β= -0.02 
 HDL: β= 1.42 
 TG/HDL ratio: β= -0.04 

 

Abbreviations: β, β-coefficient; BMI, body mass index; CT, computed tomography; DXA, dual-energy x-ray absorptiometry; F, female; Hba1c, glycated hemoglobin; 

HDL, high-density lipoprotein; LDL, low-density lipoprotein; M, male; MRI, magnetic resonance imaging; OGTT, oral glucose tolerance test; r, Pearson correlation 

coefficient; SAT, subcutaneous adipose tissue; TG, triglyceride; VAT, visceral adipose tissue; VLDL, very-low-density lipoprotein.
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2.2.1 Possible mechanisms to explain the decrease in morbidity and 

mortality observed with greater lower-body fat for a given WC 

 The mechanism suggested to explain the attenuation of morbidity and 

mortality in individuals with increased lower-body fat for a given WC remains 

unclear.  There appears to be a difference in metabolic properties in abdominal 

and lower-body fat tissues (119).  SAT has lower rates of lipolysis compared to 

VAT, which may lower the release of free fatty acids into the blood stream (8, 20).  

Additionally, in the short term, abdominal SAT takes up more meal-derived fatty 

acids compared to lower-body SAT (99, 148).  Therefore, it is possible that lower-

body SAT has the ability to act as a buffer over time by storing excess lipids, thus 

protecting other depots such as the liver, muscle and VAT from a lipid spillover 

(Figure 2) (63, 109).  Indeed, the partitioning of extra energy into functional, 

insulin-sensitive lower-body adipocytes may act as a “metabolic sink” with the 

majority of daily fatty acid buffering being handled by abdominal fat.  This is 

preferential to lipids being stored in other depots such as the liver, muscle and 

VAT, each of which is associated with metabolic consequences (67, 102, 113, 

184).  The increase in fat in these undesired sites is a phenomenon described as 

ectopic fat deposition (124).  Indeed, numerous studies have reported that an 

increase in peripheral SAT in the legs, for a given amount of abdominal fat, is 

associated with a more favorable metabolic profile (147, 152, 168, 172, 188, 195).  

Therefore, the presence of a larger HC or ThC for a given WC may represent a 

phenotype with the ability to store excess energy and thus present with an 

increase in fat mass reflected by a larger HC or ThC.  
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Figure 2. Proposed mechanism for gynoid vs. abdominal obesity in response to 

energy surplus 
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Alternatively, there may be a difference in the secretion of fat tissue-

related proteins, such as adipokines, which could convey protection (119).  It has 

been postulated that lower-body SAT may secrete more ‘beneficial’ adipokines 

and less pro-inflammatory adipokines compared with abdominal fat tissue.  

Support for this notion can be seen with the adipokine adiponectin, which is 

secreted exclusively by fat cells and is positively correlated with increased insulin 

sensitivity, a favorable lipoprotein profile, and reduced inflammation (42, 91).  

Levels of adiponectin are negatively associated with total body fat mass, 

abdominal fat mass and VAT (7, 42, 138, 178), but are positively correlated with 

lower-body fat mass (28, 29, 170).   

 

2.2.2 Associations between WC, HC, ThC and BMI with visceral adipose 

tissue  

Since a greater HC or ThC for a given WC may represent a phenotype 

with increased functional insulin-sensitive lower-body SAT, this phenotype may 

also have lower levels of VAT as there would be minimal spillover of excess 

energy into ectopic tissues.  Indeed, Seidell et al. (161) observed that HC was 

negatively associated with VAT after control for WC in men but not women.  

Similarly, Kuk et al. (101) recently reported that HC, ThC and BMI were positively 

associated with total, lower-body and abdominal SAT and skeletal muscle but 

negatively associated with VAT upon control for WC in men and women.  

However, only HC remained negatively associated with VAT when age was 

added to the model.  This finding is in agreement with the theory that lower-body 
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SAT protects against metabolic complications by acting as a buffer or as a 

“metabolic sink” for excess lipids, thereby reducing lipid spillover into ectopic 

tissues such as VAT.  Therefore, if two people present with the same WC, the 

individual with increased functional SAT is likely to present with a lower volume 

of VAT (Figure 3).  

The unique distribution of adipose tissues in distinct populations, 

specifically the increase in VAT and decrease in peripheral SAT often observed 

in HIV-infected patients treated with antiretroviral therapy (ART) may provide an 

optimal phenotype to further confirm these notions. 

 

2.3.0 Human immunodeficiency virus  

 Human immunodeficiency virus (HIV) is a lentivirus that causes acquired 

immunodeficiency syndrome (AIDS), a disease in humans that leads to 

progressive failure of the immune system (51, 194).  The use of ART, which 

typically consists of three or four drugs that are taken for the treatment of 

infection by HIV, has decreased morbidity and mortality in individuals infected 

with HIV (32, 134).  However, the increased life expectancy in these individuals 

has led to more chronic complications, such as obesity and obesity-related 

morbidity. 

 

2.3.1 Obesity in HIV-infected individuals 

The success of ART in the treatment of HIV has transformed it from a 

progressively fatal illness accompanied by severe wasting to a manageable  
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Figure 3. Negative association between thigh circumference (ThC) and visceral 

adipose tissue (VAT) for a given waist circumference (WC) 
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chronic disease (135).  This increase in life expectancy has also been mirrored 

with an increase in prevalence of overweight and obesity in HIV-infected patients 

(162).  Many reports show a high prevalence of obesity among HIV-infected 

individuals, in particular African Americans and women (89).  The pragmatic 

identification of HIV-infected patients at high cardiometabolic risk remains a 

challenge for practitioners. 

 

2.3.2 Identification 

Accepted measures used for screening and diagnosing obesity in HIV-

infected patients vary from simple procedures to highly sophisticated 

radiographic procedures.  BMI is often used as a simple method to assess weight 

in HIV-infected patients.  Although BMI cut-points used to diagnose overweight 

and obesity do not differ from the general population, its accuracy can be 

affected by other factors such as muscle wasting which has been reported in the 

HIV population.  Moreover, individuals infected with HIV often experience 

lipohypertrophy, in particular the accumulation of excess fat in the abdomen.  

Hence, the identification of obese HIV-infected patients is particularly important 

given the independent association between VAT and morbidity.   

The measurement of VAT using CT or MRI, although fairly accurate, is 

impractical for everyday clinical use as it requires expert interpretation and is 

costly, and is therefore reserved for research.  Indeed, even in non-HIV infected 

individuals, cut-points indicating how much VAT is too much with regard to health 
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risk have not yet been established.  Therefore, as with non-HIV infected 

individuals, WC is also recommended as a surrogate marker for VAT and health 

risk in HIV-infected patients and the same cut-points as the general population 

are used to identify those at high risk (158).  Still, given that WC cannot 

discriminate between abdominal SAT and VAT, its accuracy is limited.  

Alternatively, the waist-to-hip ratio is also often used in HIV-infected patients to 

assess abdominal obesity.  However, the waist-to-hip ratio may under- or 

overestimate WC in HIV-infected individuals with VAT and as a result may not be 

an accurate measure for all HIV-infected patients (55, 97, 197).  More recently, 

the hypertriglyceridemic waist has been shown to discriminate high- from low-risk 

HIV-infected patients (80).    

Given that an increase in abdominal lipohypertrophy (fat accumulation) in 

HIV-infected patients is often accompanied by peripheral lipoatrophy (fat 

reduction), it is important to distinguish whether lipoatrophy is occurring in the 

patient.  Peripheral fat and bone mineral density can be accurately quantified 

using DXA scans.  Although DXA-derived criteria for diagnosing lipoatrophy has 

not yet been determined, emerging agreement suggests a loss of peripheral fat 

greater than 20% from baseline after beginning ART as an indicator of 

lipoatrophy in HIV-infected patients (58).  However, as previously stated, the use 

of radiographic imaging is not practical in an everyday clinical setting.  

Alternatively, anthropometric measurements of limb circumferences and skin 

folds can be useful in identifying the presence of lipoatrophy.  
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The combination of abdominal fat accumulation and peripheral fat loss 

often observed in HIV-infected patients treated with ART is a phenomenon 

known as HIV-associated lipodystrophy.  

 

2.4.0 HIV-associated lipodystrophy 

Although there is no accepted objective definition, HIV-associated 

lipodystrophy is a disorder of fat metabolism which is generally associated with 

excess fat deposition in the abdominal area, dorsocervical region, trunk and/or 

breasts; fat loss from the face, buttocks and extremities; mixed fat disturbances; 

and metabolic disturbances (49).  More broadly, it is characterized by 

generalized atrophy of SAT and/or hypertrophy of VAT (83, 123) and increased 

ectopic fat storage (66, 177).  This fat maldistribution can be disfiguring, 

debilitating and stigmatizing (39, 43, 132, 156), and may lead to nonadherence to 

ART (5, 54).  It can also lead to metabolic disturbances including dyslipidemia 

and insulin resistance (72, 196).  

It has been difficult distinguishing HIV-associated lipodystrophy from other 

non-HIV associated states or conditions due to the lack of a precise definition as 

well as the subjective nature of the diagnosis by the physician.  This has led to a 

broad range of incidence of HIV-associated lipodystrophy cited in the literature, 

ranging from 20% to 80% (38).  However, most studies report a prevalence rate 

of 40-50% in patients who are on long-term ART treatment (79).  This difficulty of 

distinguishing and diagnosing HIV-associated lipodystrophy is further 

compounded by factors such as age, race, gender, environmental factors and 
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disease status, all of which may have an influence on the changes in body 

composition (84, 193).  

 

2.4.1 Risk factors for HIV-associated lipodystrophy 

 There appears to be several risk factors associated with HIV-associated 

lipodystrophy.  Duration of exposure to the ART, especially nucleoside analog 

reverse transcriptase inhibitors (nRTIs) and protease inhibitors (PIs), appears to 

be the greatest risk factor for the changes in fat distribution (37, 40, 65).  It has 

been suggested that the extent and severity of the condition may also be 

associated with lipodystrophy.  Age and gender may also pose as risk factors 

(98).  Men more often than women see a depletion of fat in the face (57% vs. 

22%), buttocks (60% vs. 45%) and limbs (68% vs. 53%).  On the other hand, 

women are likely than men to have a greater accumulation of fat in the abdomen 

(98% vs. 70%) and breasts (74% vs. 31%).  

 

2.4.2 Mechanism for the pathogenesis of HIV-associated lipodystrophy 

 Mechanisms implicated in the pathogenesis of HIV-associated 

lipodystrophy are largely unexplained, but likely include mitochondrial toxicity 

induced by nRTIs and dysregulation of fatty acid metabolism by PIs.  Adiponectin 

deficiency, elevated leptin levels, and impaired growth hormone secretion may 

also play a role (79, 112).  Furthermore, patients with HIV-associated 

lipodystrophy have reduced nocturnal secretion of growth hormone (GH), which 
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has an inverse correlation with VAT (49).  nRTIs and PIs appear to have 

independent roles in the pathogenesis of HIV-associated lipodystrophy.  

 

Nucleoside analog reverse transcriptase inhibitors 

 Available evidence suggests that the nRTIs stavudine, didanosine and 

zidovudine may poison the mitochondria by inhibiting mitochondrial DNA 

polymerase-γ activity in fat and other tissues causing impaired fatty acid oxidation 

and thus increased intracellular accumulation of triglycerides and lactate (155).  

Thus, the lipohypertrophy and/or lipoatrophy may depend on differences in nRTI 

tissue selectivity or cell function. 

 

Protease inhibitors 

  PI’s are known to affect intracellular fatty acid and glucose metabolism as 

well as adipocyte differentiation (Figure 4).  The mechanism through which they 

act includes the inhibition of the maturation of sterol response element-binding 

proteins, which affect intracellular fatty acid and glucose metabolism and 

adipocyte differentiation (118).  In addition, PI’s downregulate peroxisome 

proliferator-activated receptor-γ, a transcription factor necessary for fatty acid 

metabolism and adipocyte differentiation (155).   
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Figure 4. A schematic representation of the effects of HIV-infection and ART on 

adipose tissues (Taken from Villaroya et al. (190), with permission) 
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2.4.3 Health risks associated with HIV-associated lipodystrophy 

 HIV-infected patients with lipodystrophy experience a range of health risks 

associated with fat distribution including dyslipidemia, insulin resistance, type 2 

diabetes and CVD (72, 103, 137, 165, 196).  

 

Dyslipidemia 

 HIV-infected patients with lipodystrophy undergoing treatment with ART 

may experience dyslipidemia.  Prior to treatment, high-density lipoprotein (HDL) 

cholesterol and low-density lipoprotein (LDL) cholesterol levels often decrease 

while triglyceride levels increase (71, 146).  However, treatment with ART 

increases LDL-cholesterol and triglyceride levels while HDL-cholesterol levels 

remain low.  These changes in the lipid profile are often observed in individuals 

who experience abnormal fat distribution due to treatment with ART (70, 73, 196).  

For example, Wohl et al. (196) have shown that both increased VAT and reduced 

leg SAT are associated with elevated triglycerides as well as decreased HDL-

cholesterol levels.  Additionally, PI’s can cause an increase in cholesterol and 

plasma triglycerides (12, 103, 111).  

 

Insulin resistance 

 HIV-infected patients with lipodystrophy undergoing treatment with ART 

may also experience insulin resistance.  Both increases in VAT and reductions in 

leg SAT are strongly associated with decreased insulin sensitivity (4, 72).  For 

example, Albu et al. (4) reported that insulin sensitivity increases in proportion to 
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the percentage of fat stored in lower-body SAT in HIV-infected women. Moreover, 

ART appears to contribute to increased risk of T2D.  Indeed, approximately 30-

40% of HIV-infected individuals taking PI’s show impaired glucose tolerance (16).  

PI’s prevent glucose uptake by inhibiting the glucose transporter GLUT-4 and 

also directly affect glucose sensing by β-cells (96, 128).  As a result, incidence of 

T2D may have a 2- to 4-fold increase in HIV-infected patients undergoing ART 

(25, 27, 205). 

 

2.4.4 Treatment of HIV-associated lipodystrophy 

 Treatment of HIV-associated lipodystrophy can occur through both 

lifestyle modifications and pharmaceutical therapy. 

 

Lipohypertrophy 

 As with non-HIV infected overweight and obese individuals, conventional 

lifestyle modifications including increases in exercise and alterations in diet are 

often recommended for HIV-infected patients who accumulate excess fat.  

Studies of HIV-infected patients who participate in endurance and resistance 

exercise programs show improvements in body composition (50, 129, 151), 

along with cardiometabolic risk factors including HDL-cholesterol, total 

cholesterol and triglycerides (129, 199).  For example, Thoni et al. (182) 

demonstrated that HIV-infected patients with lipodystrophy who underwent four 

months of a supervised aerobic training program lost 12.8% of total fat and 
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12.0% of VAT.  Reducing caloric intake is another strategy that can be employed 

to reduce excess weight and improve cardiometabolic risk.  

 Other strategies to deal with HIV-associated fat accumulation and its 

consequences have produced mixed results when it comes to safety and efficacy.  

Switching antiretroviral drugs may help with the treatment of VAT accumulation.  

However, it has not been shown to consistently reverse visceral adiposity (52).  

Tesamorelin, a synthetic analogue of human growth hormone-releasing factor 

has been show to reduce VAT, however it may also produce glucose intolerance 

(59, 115).  Similarly, metformin has been used to promote weight loss, but the 

side effects including loss of SAT and lean body mass limit its usefulness (95).  

Finally, surgery to remove excess fat is another option for patients.  However, 

tissue regrowth and surgical complications such as infection and bleeding are 

risks associated with this strategy (127). 

 

Lipoatrophy 

 Lifestyle changes such as exercise and diet do not appear to improve 

lipoatrophy in HIV-infected patients (26).  Growth hormone has been shown to 

reduce limb atrophy, however as previously stated, it may cause glucose 

intolerance.  The most common treatment is switching antiretroviral therapy, in 

particular switching to a nucleoside-sparing regimen with several PI’s (121).  

Surgery is also popular among HIV-infected patients in attempt to reverse facial 

lipoatrophy using facial fillers.  They have also been shown to improve the quality 

of life in patients suffering from lipoatrophy (26).  
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2.5.0 Summary 

One of the greatest challenges in the field of obesity today is the 

pragmatic identification of obese individuals who are at increased health risk. 

Many attempts have evolved over the years including the use of Quételet’s index, 

body mass index (BMI), the waist-to-hip ratio as well as the combination of other 

anthropometric measures.  Emerging evidence suggests that WC and HC have 

independent and opposite associations with cardiometabolic risk, morbidity and 

mortality in the general population.  Indeed, for a given WC, an increase in HC is 

associated with a reduction in health risk, whereas for a given HC, a larger WC is 

associated with an increase in health risk.  Unknown however, is whether the 

addition of HC or ThC to WC adds to the health risk identified by WC alone in 

HIV-infected patients.  

 

 

 

 

 

 

 

 

 

 

 



   35 

CHAPTER 3: MANUSCRIPT 

 

Combined use of waist and hip circumference to identify high-risk HIV-infected 

patients 
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3.1 Abstract 

 

Objectives:  To determine whether for a given waist circumference (WC), a 

larger hip circumference (HC) was associated with a reduced risk of insulin 

resistance, type 2 diabetes (T2D), hypertension and cardiovascular disease 

(CVD) in HIV-infected patients.  A second objective was to determine whether, 

for a given WC, the addition of HC improved upon estimates of abdominal 

adiposity, in particular visceral adipose tissue (VAT), compared to those obtained 

by WC alone. 

 

Methods:  HIV-infected men (N=1481) and women (N=841) were recruited 

between 2005 and 2009.  WC and HC were obtained using standard techniques 

and abdominal adiposity was measured using computed tomography.  

 

Results:  After control for WC and covariates, HC was associated with a lower 

risk of HOMA-IR (p<0.05) and T2D [Men: OR=0.91 (95% CI: 0.86-0.96); Women: 

OR=0.91 (95% CI: 0.84-0.98)].  For a given WC, HC was also associated with a 

lower risk of hypertension (p<0.05) and CVD [OR=0.94 (95% CI: 0.88-0.99)] in 

men, but not women.  Although HC was negatively associated with VAT in men 

and women after control for WC (p<0.05), the addition of HC did not substantially 

improve upon the prediction of VAT compared to WC alone.  
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Conclusions:  The identification of high-risk HIV-infected individuals by WC 

alone is substantially improved by the addition of HC.  Estimates of VAT by WC 

are not substantially improved by the addition of HC and thus variation in visceral 

adiposity may not be the conduit by which HC identifies increased health risk.    
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3.2 Introduction 

 Waist (WC) and hip circumference (HC) have independent and opposite 

associations with type 2 diabetes (T2D) (45, 139, 160, 167-169, 173) and 

cardiovascular disease (CVD) (33, 75, 76, 114, 139, 161, 173, 202) in the 

general population.  For a given WC, an increase in HC is associated with a 

reduction in health risk, whereas for a given HC a larger WC is associated with 

an increase in health risk.  More importantly, it appears that the combination of 

WC and HC identify adults at increased risk for morbidity and mortality better 

than either alone (18, 31, 33, 45, 76, 114, 203).  Whether the combination of WC 

and HC can improve upon the identification of HIV-infected patients at increased 

health risk compared to WC alone is unknown.  

It is postulated that the increase in morbidity associated with a lower HC 

for a given WC may be explained by the presence of dysfunctional, insulin-

resistant peripheral subcutaneous adipocytes (47).  This could lead to impaired 

storage of excess energy and thus a reduction in adipose tissue mass reflected 

by a smaller HC or thigh circumference (ThC).  Accordingly lower-body 

subcutaneous adipose tissue may act as a buffer by storing excess energy thus 

avoiding lipid spillover into ectopic tissues, such as visceral adipose tissue (VAT) 

(47).  Indeed, we have previously reported that HC is negatively associated with 

VAT after control for WC in non-HIV individuals (101).  Confirmation in HIV-

infected patients treated with antiretroviral therapy (ART), a known component of 

adipocyte dysfunction (190), would provide a plausible mechanism by which a 

reduction in HC for a given WC is associated with an increase in health risk.  
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Based on these observations we reasoned that the combination of WC 

and HC or ThC may provide an improved, pragmatic approach for identifying 

HIV-infected patients at increased health risk.  Given the established association 

between VAT and morbidity in HIV-infected individuals, we also determined 

whether for a given WC, the addition of HC or ThC improved upon estimates of 

VAT compared to those obtained by WC alone.  

 

3.3 Methods 

3.3.1 Subjects 

  Participants included 2322 HIV-infected patients (1481 men and 841 

women) recruited at the metabolic clinic of the University of Modena and Reggio 

Emilia in Italy between 2005 and 2009.  Patients from HIV clinics throughout Italy 

are referred or have direct access to the multidisciplinary treatment at the 

metabolic clinic where they obtain comprehensive metabolic and anthropometric 

diagnostic and therapeutic assessments for the presence of lipodystrophy and 

non-infectious comorbidities.  

Inclusion criteria were serologically documented HIV-1 infection, age >18 

years and at least 18 months of ART exposure.  A signed informed-consent form 

to participate in this study was obtained from each patient.  The study was 

approved by the local institutional review board (Comitato Etico Provinciale di 

Modena).   
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3.3.2 Demographics 

Demographic and clinical data, including duration of HIV infection, ART 

history, and lifestyle were obtained by medical chart review.  Smoking was 

separated as follows: non-smoker (<10 cigarettes per day) or smoker (≥10 

cigarettes per day).  Alcohol consumption was separated into no alcohol (<10 g 

of ethanol per day) or alcohol (≥10 g of ethanol per day).  Physical activity was 

defined as mild or intense when <4 or ≥4 hours per week of exercise, 

respectively, were reported. 

 

3.3.3 Anthropometric measurements 

 All patients underwent physical examinations on the day fasting blood was 

obtained.  WC was measured at the narrowest point mid-way between the lowest 

rib and the iliac crest at the end of expiration with the subject standing.  HC was 

taken at the largest point at the level of the greater trochanters, and ThC was 

measured mid-way between the hip and knee.  All circumference measures were 

calculated as the average of three measurements. BMI was calculated as weight 

in kilograms divided by the square of height in meters. 

 

3.3.4 Body composition 

 A single CT image at the level of the L4 vertebra was taken for 

quantification of VAT and abdominal subcutaneous adipose tissue using a 64-

multislice CT scanner (LightSpeed VTC; General Electric Medical System).  Each 

CT image was analyzed using software application based on Advantage 
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Windows 4.4 GE medical system.  Two radiologists assessed CT images for VAT 

and abdominal subcutaneous adipose tissue.  Agreement between the operators 

for VAT measurement was calculated on a subset of 40 scans and demonstrated 

a high repeatability (r = 0.97, β = 0.98). Similar results were observed for 

abdominal subcutaneous adipose tissue. 

 

3.3.5 Cardiometabolic risk factors 

 Total cholesterol, low-density lipoprotein cholesterol, high-density 

lipoprotein cholesterol, triglyceride, glucose, and insulin levels were measured 

after an overnight fast.  Insulin resistance was calculated using the homeostasis 

model assessment equation (HOMA-IR = [fasting insulin (mU/ml) × fasting 

glucose (mmol/L)/22.5].  

 

3.3.6 Criteria for disease 

A cut-point of HOMA-IR ≥2 was used to define insulin resistance (77).  

T2D was diagnosed according to the American Diabetes Association criteria, 

documented history of diabetes or use of glucose lowering therapy (57).  Those 

with hypertension were identified as having a systolic pressure ≥140 mmHg or a 

diastolic pressure ≥90 mmHg and/or currently taking blood pressure lowering 

medication.  Cardiovascular events were defined as myocardial infarction, 

revascularization, stroke, and/or peripheral vascular disease that occurred within 

a 5-year period of the clinical evaluation.   
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3.3.7 Statistical analyses 

All statistical analyses were performed separately for men and women 

due to gender interactions as well as the well-known differences in body shape 

between men and women.  Patient characteristics were compared between men 

and women: categorical variables were analyzed using Chi-squared test, while 

continuous variables were compared using Student’s T-test or Mann-Whitney 

test where appropriate. Events were coded as 0 (no event) and 1 (event).  

Univariate and multivariate logistic regression analyses were used to determine 

the associations between WC, HC, ThC and BMI with HOMA-IR, T2D, 

hypertension and CVD.  Odds ratios (OR) with 95% confidence intervals (CI) are 

expressed after adjustment for covariates.  For all events, age, smoking, and 

physical activity were included as covariates in the analyses.  Univariate and 

multivariate linear regressions were performed to determine the independent 

associations between WC, HC, ThC and BMI with total abdominal adipose tissue, 

VAT and abdominal subcutaneous adipose tissue.  All statistical analyses were 

performed using STATA 12.1 Intercooled version for Mac, StataCorp, College 

Station, TX, USA. 

 

3.4 Results 

 Despite presenting with generally lower circumference values the women 

were characterized by greater subcutaneous adipose tissue and less lean mass 

compared to men (Table 1).  As expected men had more VAT while women had 

more abdominal subcutaneous adipose tissue.  In general women presented with 
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more favorable lipid profiles compared to men.  The prevalence rates were 

75.2% and 71.2% for HOMA-IR, 9.1% and 5.7% for T2D, 43.1% and 23.6% for 

hypertension and 5.1% and 1.6% for CVD in men and women, respectively 

(Table 1).  Women had a marginally longer exposure to ART compared to men, 

while levels of CD4 did not differ between the two groups. 

 

Anthropometric associations with HOMA-IR, T2D, hypertension and CVD 

Univariate analyses revealed that WC was positively associated with 

HOMA-IR, hypertension and CVD in men and women as well as T2D in men 

(Table 2).  HC was positively associated with HOMA-IR and hypertension in men 

and women. With the exception of HOMA-IR, ThC alone was not associated with 

any cardiometabolic risk factors or morbidities. 

Multivariate analyses revealed that after statistical control for age, physical 

activity and smoking, WC and HC were independently and inversely associated 

with HOMA-IR and T2D in men and women (Table 3).  Whereas for a given WC, 

HC attenuated the risk for cardiometabolic risk factors and morbidity, for a given 

HC, WC increased the risk. Indeed, for a given WC, a 1 cm greater HC was 

associated with a 7-9% reduction in risk for HOMA-IR and T2D in men and 

women.  Whereas for a given HC, a 1 cm greater WC was associated with a 5-

13% increase in risk for HOMA-IR and T2D in men and women compared to a 3-

8% increase in risk when WC was used alone.  In men, WC and HC also showed 

independent and inverse associations with hypertension and CVD (Table 3).  For 

a given WC, a 1 cm larger HC was associated with a 4-6% reduction in risk for 
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hypertension and CVD in men.  Whereas, for a given HC, a 1 cm larger WC was 

associated with a 5-6% increase in risk for hypertension, and CVD in men 

compared to a 4% increase in risk when WC was used alone.  

With few exceptions, the addition of ThC or BMI to WC was not associated 

with a reduction in risk for HOMA-IR, T2D, hypertension or CVD in men and 

women (Table 3). 

 

Anthropometric associations with VAT 

 WC, HC, ThC and BMI were positively associated with total abdominal 

adipose tissue, VAT and abdominal subcutaneous adipose tissue in both men 

and women (Table 4).  Following adjustment for WC, the associations between 

HC and ThC with VAT were inversed, such that HC and ThC were negatively 

associated with VAT in men and women (Table 5).  HC in men and women as 

well as ThC in men remained significant correlates of VAT after further control for 

age.  Although for a given WC HIV-infected patients with a lower HC or ThC had 

increased levels of VAT, the increase was not substantial by comparison to WC 

alone.  For example, in men, the inclusion of HC or ThC added just 3% to the 

variance explained for VAT, while in women, the inclusion of HC and ThC 

increased the variance explained for VAT by 1-2%.  In general, similar 

observations were observed for total abdominal adipose tissue and abdominal 

subcutaneous adipose tissue (Table 5).  
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Table 1. Patient characteristics 
 Men 

(n = 1481) 
Women* 
(n = 841) 

Demographics   
   Age, y  45.9 ± 7.3 43.1 ± 6.9 
   Smoke (>10 cigs/day), % 32.2 27.7 
   Alcohol Consumption, % 49.3 39.8 
   Physical Activity, % 36.1 27.8 
Anthropometrics   
   BMI, kg/m2 24.1 ± 3.8 22.5 ± 4.0 
   Waist circumference, cm 88.0 ± 10.1 82.7 ± 10.3 
   Thigh circumference cm  47.8 ± 4.3 44.8 ± 4.9 
   Hip circumference, cm 90.0 ± 6.3 88.8 ± 7.3 
Body Composition   
Computed Tomography (cm3)   
   VAT 143.9 ± 88.8 105.0 ± 91.9 
   Abdominal subcutaneous adipose tissue 121.4 ± 96.3 183.1 ± 11.1 
DEXA (kg)   
   Total fat 10.6 ± 6.4 13.6 ± 6.9 
   Arm fat 1.7 ± 1.3 2.4 ± 1.6 
   Arm lean 7.6 ± 1.4 4.8 ± 1.2 
   Leg fat 2.2 ± 1.8 3.3 ± 2.4 
   Leg lean 17.9 ± 2.7 12.7 ± 1.9 
Cardiovascular Risk Factors   
   Total Cholesterol, mmol/L 4.8 ± 1.2 4.9 ± 1.3 
   Triglycerides, mmol/L 2.5 ± 2.0 1.8 ± 1.2 
   HDL, mmol/L 1.1 ± 0.4 1.3 ± 0.4 
   LDL, mmol/L 2.9 ± 1.0 3.0 ± 1.0 
   HOMA-IR 4.6 ± 5.8 3.9 ± 4.0 
   Fasting Glucose, mmol/L 5.4 ± 1.2 5.1 ± 1.1 
   Fasting Insulin, mU/mL 18.3 ± 18.6 16.5 ± 14.3 
Outcomes    
   HOMA-IR, % 75.2 71.2 
   Type 2 diabetes, % 9.2 5.7 
   Hypertension, % 43.1 23.6 
   Cardiovascular disease, % 5.1 1.6 
HIV   
   Exposure to ART, months 101 (51-134) 108 (65-141) 
   CD4 556.9 ± 267.4 552.3 ± 259.2 
 
Data presented as percent, mean ± SD, or median (interquartile range). 
*With the exception of LDL and CD4, all variables were significant (p≤0.05). 
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Table 2. Univariate associations between WC, HC, ThC and BMI with HOMA-IR, T2D,  
              hypertension and CVD 

 Men Women 
OR 95% CI OR 95% CI 

HOMA-IR>2     
WC 1.08* 1.06-1.10 1.07* 1.04-1.09 
HC 1.05* 1.03-1.08 1.03* 1.00-1.05 
ThC 1.04* 1.01-1.07 1.01 0.98-1.04 
BMI 1.20* 1.14-1.25 1.18* 1.12-1.25 

T2D     
WC 1.03* 1.02-1.05 1.02 0.99-1.05 
HC 1.02 0.98-1.05 0.99 0.95-1.04 
ThC 0.99 0.95-1.04 0.92 0.88-1.01 
BMI 1.07* 1.02-1.12 1.06 0.99-1.13 

Hypertension     
WC 1.04* 1.03-1.05 1.04* 1.02-1.06 
HC 1.04* 1.02-1.06 1.04* 1.01-1.06 
ThC 1.01 0.99-1.04 1.03 0.99-1.06 
BMI 1.08* 1.05-1.12 1.11* 1.07-1.15 

CVD     
WC 1.04* 1.02-1.06 1.05* 1.01-1.10 
HC 1.03 1.00-1.07 1.06* 1.01-1.12 
ThC 1.00 0.95-1.05 1.00 0.89-1.12 
BMI 1.07* 1.02-1.13 1.11* 1.01-1.22 

 
Abbreviations: BMI, body mass index; CVD, cardiovascular disease; HC, hip circumference; ThC, thigh 
circumference; WC, waist circumference; T2D, type 2 diabetes. 
*p≤0.05 
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Table 3. Multivariate associations between WC, HC, ThC and BMI with HOMA-IR, T2D,  
 hypertension and CVD 
 Men Women 
  

WC 
 

HC 
 

WC 
 

HC 
HOMA-IR     

Model 1 1.14* (1.11-1.17) 0.90* (0.86-0.94) 1.11* (1.08-1.15) 0.93* (0.89-0.96) 
Model 2 1.13* (1.10-1.16) 0.91* (0.87-0.95) 1.11* (1.08-1.14) 0.93* (0.89-0.97) 

T2D     
Model 1 1.09* (1.05-1.13) 0.90* (0.85-0.96) 1.07* (1.02-1.12) 0.92* (0.85-0.98) 
Model 2 1.07*  (1.03-1.11) 0.91* (0.86-0.96) 1.05* (1.01-1.10) 0.91* (0.84-0.98) 

Hypertension     
Model 1 1.06* (1.04-1.09) 0.96* (0.93-0.99) 1.05* (1.02-1.07) 0.99 (0.95-1.02) 
Model 2 1.05* (1.03-1.07) 0.96* (0.93-0.99) 1.04* (1.01-1.07) 0.98 (0.95-1.02) 

CVD     
Model 1 1.08* (1.04-1.12) 0.93* (0.87-0.99) 1.03 (0.96-1.11) 1.03 (0.94-1.13) 
Model 2 1.06* (1.02-1.11) 0.94* (0.88-0.99) 1.03 (0.95-1.11) 1.02 (0.92-1.14) 

  
WC   

 
ThC 

 
WC 

 
ThC 

HOMA-IR     
Model 3 1.10* (1.08-1.12) 0.93* (0.89-0.97) 1.08* (1.06-1.11) 0.94* (0.90-0.98) 
Model 4 1.08* (1.06-1.11) 0.97 (0.93-1.01) 1.08* (1.06-1.11) 0.94* (0.90-0.98) 

T2D     
Model 3 1.05* (1.03-1.08) 0.92* (0.87-0.98) 1.05* (1,02-1.08) 0.88* (0.83-0.95) 
Model 4 1.03* (1.00-1.05) 0.96 (0.90-1.02) 1.03 (0.99-1.06) 0.91* (0.85-0.98) 

Hypertension     
Model 3 1.05* (1.04-1.07) 0.95* (0.92-0.97) 1.04* (1.02-1.06) 0.98 (0.95-1.02) 
Model 4 1.04* (1.02-1.05) 0.97* (0.93-1.00) 1.03* (1.01-1.05) 1.01 (0.97-1.05) 

CVD     
Model 3 1.06* (1.04-1.09) 0.92* (0.86-0.98) 1.07* (1.02-1.12) 0.94 (0.84-1.05) 
Model 4 1.04* (1.01-1.07) 0.96  (0.90-1.03) 1.05 (0.99-1.10) 0.97 (0.86-1.10) 

  
WC 

 
BMI 

 
WC 

 
BMI 

HOMA-IR     
Model 5 1.07* (1.03-1.10) 1.03 (0.95-1.12) 1.04* (1.01-1.08) 1.07 (0.97-1.17) 
Model 6 1.04* (1.00-1.07) 1.12* (1.02-1.22) 1.05* (1.01-1.08) 1.07 (0.97-1.17) 

T2D     
Model 5 1.05* (1.01-1.10) 0.95 (0.85-1.06) 1.00 (0.95-1.06) 1.05 (0.93-1.20) 
Model 6 1.03 (0.98-1.07) 0.98 (0.87-1.10) 0.99 (0.93-1.05) 1.05 (0.92-1.22) 

Hypertension     
Model 5 1.06* (1.04-1.09) 0.94* (0.89-0.99) 1.01 (0.98-1.04) 1.07* (1.00-1.16) 
Model 6 1.04* (1.02-1.07) 0.96 (0.90-1.02) 1.01 (0.98-1.04) 1.08* (1.00-1.16) 

CVD     
Model 5 1.08* (1.03-1.13) 0.90 (0.79-1.02) 1.05 (0.96-1.15) 0.99 (0.80-1.24) 
Model 6 1.05 (1.00-1.10) 0.94 (0.83-1.08) 1.04 (0.94-1.14) 1.01 (0.80-1.27) 

 
Model 1 includes WC and HC as independent variables.  
Model 2 includes WC, HC and covariates (age, physical activity, smoking) as independent variables.  
Model 3 includes WC and ThC as independent variables. 
Model 4 includes WC, ThC and covariates (age, physical activity, smoking) as independent variables. 
Model 5 includes WC and BMI as independent variables. 
Model 6 includes WC, BMI and covariates (age, physical activity, smoking) as independent variables. 
Data presented as OR (95% CI). 
Abbreviations: BMI, body mass index; CVD, cardiovascular disease; HC, hip circumference; ThC, thigh 
circumference; WC, waist circumference; T2D, type 2 diabetes. 
*p≤0.05 
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Table 4. Univariate associations between WC, HC, ThC and BMI with total abdominal adipose  
  tissue, VAT and abdominal subcutaneous adipose tissue 

 
Men Women 

β r2 β r2 
TAAT     

WC 12.73 0.70 11.59 0.50 
HC 17.54 0.51 14.05 0.37 
ThC 16.61 0.22 14.16 0.17 
BMI 31.93 0.60 28.20 0.44 

VAT     
WC 5.44 0.38 3.97 0.20 
HC 6.54 0.23 3.37 0.07 
ThC 5.64 0.08 2.95 0.03 
BMI 12.84 0.30 8.23 0.12 

ASAT     
WC 7.30 0.59 7.62 0.50 
HC 11.00 0.52 10.68 0.50 
ThC 11.00 0.24 11.21 0.24 
BMI 19.08 0.56 19.97 0.52 

 
Abbreviations: ASAT, abdominal subcutaneous adipose tissue; BMI, body mass index; HC, hip 
circumference; ThC, thigh circumference; TAAT, total abdominal adipose tissue; VAT, visceral adipose 
tissue; WC, waist circumference. 
All associations were significant (p<0.001). 
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Table 5. Multivariate associations between WC, HC, ThC and BMI with total abdominal adipose  
  tissue, VAT and abdominal subcutaneous adipose tissue 
 Men Women 

β r2 β r2 
TAAT     

Model 1 
WC 
HC 

 
11.67* 
2.04* 

 
0.70 

 
9.40* 
4.02* 

 
0.51 

 
Model 2 

WC 
ThC 

 
12.85* 
-0.43 

 
0.69 

 
10.73* 
3.65* 

 
0.51 

Model 3 
WC 
BMI 

 
10.12* 
7.88* 

 
0.70 

 
8.10* 
10.57* 

 
0.52 

VAT     
Model 1 

WC 
HC 

 
6.00* 
-1.70* 

 
0.41 

 
4.90* 
-1.99* 

 
0.22 

Model 2 
WC 
ThC 

 
5.44* 
-1.35* 

 
0.41 

 
4.02* 
-0.82 

 
0.21 

Model 3 
WC 
BMI 

 
4.88* 
0.73 

 
0.41 

 
4.21* 
-1.17 

 
0.21 

ASAT     
Model 1 

WC 
HC 

 
5.67* 
3.75* 

 
0.63 

 
4.49* 
6.01* 

 
0.57 

Model 2 
WC 
ThC 

 
7.41* 
0.92* 

 
0.61 

 
6.71* 
4.48* 

 
0.53 

Model 3 
WC 
BMI 

 
5.24* 
7.16* 

 
0.63 

 
3.89* 
11.74* 

 
0.56 

 
Model 1 includes WC, HC and age as independent variables. 
Model 2 includes WC, ThC and age as independent variables. 
Model 3 includes WC, BMI and age as independent variables. 
Abbreviations: ASAT, abdominal subcutaneous adipose tissue; BMI, body mass index; HC, hip 
circumference; ThC, thigh circumference; TAAT, total abdominal adipose tissue; VAT, visceral adipose 
tissue; WC, waist circumference. 
*p≤0.05 
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3.5 Discussion 

The primary finding of this study was that the identification of high-risk 

HIV-infected patients by WC alone is substantially improved by the addition of 

HC.  These observations reinforce the recommendation that WC and HC should 

be used in combination to identify high-risk HIV-infected adults, in particular men, 

and that identification of HIV-infected adults at increased health risk may be 

underestimated when WC is used alone.  Our observations also suggest that the 

ability of WC and HC combined to predict VAT might not be the conduit by which 

these anthropometric measures combined identify those at increased risk of 

cardiometabolic risk and morbidity.  

To our knowledge no prior study has determined whether HC adds to the 

health risk identified by WC alone in HIV-infected patients.  Our finding is 

consistent with prior studies in non-HIV individuals investigating the associations 

of WC and HC with morbidity, which have also demonstrated a protective effect 

of an increased HC for a given WC and/or BMI (33, 45, 152, 167, 173).  For 

example, Sakai et al. (152) reported that upon control for WC in men and women, 

the odds ratios for hypertension and T2D ranged from 0.88 to 0.94 per 1 cm 

increase in HC, which are of similar magnitude to those reported here.  

The importance of our primary finding can be appreciated by comparing 

the health risk of a 1 cm difference in both WC and HC with a 1 cm difference in 

WC alone.  If an HIV-infected patient has a 1 cm greater WC and a 1 cm lower 

HC compared to another HIV-infected patient, the risk of HOMA-IR and T2D 

using WC and HC will increase 14-22% in men and women, while the risk is just 
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3-8% using WC alone.  Similarly in an HIV-infected man, a 1 cm greater WC 

combined with a 1 cm lower HC, compared to another HIV-infected man, will 

increase the risk of hypertension and CVD 9-12% using WC and HC whereas the 

use of WC alone is associated with an increased risk approximating 4%.  Given 

that leg subcutaneous adipose tissue is a common site for loss of adipose tissue 

in HIV-infected adults (11, 176, 183), a strong argument exists for the routine 

acquisition of WC and HC in clinical settings. 

Our findings that derive from the use of simple anthropometric tools that 

are readily available to the practitioner are consistent with studies in HIV-infected 

patients wherein sophisticated radiographic methods were used (6, 73, 104, 130).  

For example, Mynarcik et al. (130) previously showed that after control for trunk 

adipose tissue, the loss of peripheral adipose tissue measured by DXA was 

strongly associated with insulin resistance.  Similarly, Lake et al. (104) reported 

that leg subcutaneous adipose tissue measured by magnetic resonance imaging 

was negatively associated with CVD risk following control for VAT.  

The mechanism that would explain why HC is negatively associated with 

increased cardiometabolic risk and morbidity following control for WC is unclear.  

An emerging hypothesis is that dysfunctional, insulin-resistant subcutaneous 

adipocytes are unable to entrap extra energy which may result in a spillover into 

ectopic tissues, such as the liver, the heart, the skeletal muscle or VAT (47).  

Therefore, lower-body subcutaneous adipose tissue may play a protective role by 

acting as a buffer through storage of excess lipids thus limiting lipid deposition in 

ectopic tissues.  Treatment with ART has been shown to cause mitochondrial 
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dysfunction and enhanced lipolysis as well as impaired glucose uptake in 

subcutaneous adipose tissue, which may lead to adipocyte dysfunction or 

apoptosis (36, 190).  Thus lower HC values in HIV-infected patients may indicate 

the presence of dysfunctional lower-body adipocytes which are unable to store 

excess energy resulting in a decrease in adipose tissue mass.  Presumably this 

would lead to a greater accumulation of lipid in ectopic tissues including VAT.   

Consistent with this hypothesis we observed that HC was negatively 

associated with VAT after control for WC, a finding consistent with previous 

observations in non-HIV adults (101).  However, the magnitude of the increase in 

VAT predicted by the combination of WC and HC compared to WC alone was 

subtle averaging 3% (~ 4 cm3) in men and 2% (~ 2 cm3) in women.  It is unlikely 

that differences in VAT estimation of this magnitude would mediate the 

incremental increase in health risk identified by HC.  Nevertheless, although the 

mechanisms that explain why health risk is substantially elevated by the 

combination of WC and HC compared to WC alone remain to be determined, it is 

noted that numerous studies report an inverse association between lower-body 

adipose tissue and morbidity after control for abdominal adiposity in non-HIV 

adults (33, 45, 76, 139, 152, 167).   

Our study is cross-sectional in design and causality cannot be assumed.  

Further, whether simultaneous changes in WC and/or HC over time identify 

increased risk of morbidity cannot be inferred.  The subjects studied were 

referred to the HIV clinic with specific metabolic disorders and thus 

generalizability of our findings across the HIV population is unclear.  The 
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relatively small sample size precludes the derivation of algorithms and/or cut-

point values for HC in combination with WC that would be required to identify 

those at increased health risk.   

Our findings demonstrate that the identification of high-risk HIV-infected 

individuals by WC alone is substantially improved by the addition of HC.  Further 

study with large sample sizes is required to develop valid algorithms or cut-point 

values that could ultimately be incorporated into routine clinical practice to help 

identify high-risk HIV patients.  
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CHAPTER 4: GENERAL DISCUSSION 

 

4.1 Clinical implications 

 In the present study, the finding with the greatest clinical significance was 

the improved identification of high-risk HIV-infected patients with the combination 

of HC and WC.  This observation agrees with numerous studies in the general 

population, which also demonstrate that HC is inversely associated with 

morbidity upon control for WC.  These observations support the inclusion of both 

WC and HC in clinical practice as simple measures to identify cardiometabolic 

risk and morbidity in HIV-infected patients.  

Given the simplicity and cost-effectiveness of these anthropometric 

measures, their use to pragmatically identify high-risk HIV-infected patients may 

be of particular importance in settings where more sophisticated measures of 

body composition (i.e. DXA, MRI) are not readily available or feasible.  For 

example, the prevalence of HIV in the developing third-world countries of 

southern Africa is among the highest in the world (82).  Access to medical 

equipment is not available in many parts of the continent.  Therefore, the use of 

WC and HC could be used to help distinguish those patients who are at greatest 

risk of morbidity.   

 

4.2 Limitations and future research 

 To our knowledge, this is the first study to examine the associations of WC, 

HC, ThC and BMI with morbidity in HIV-infected patients.  Due to the cross-
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sectional design of this study, we were unable to test the utility of WC and HC in 

the prediction of prospective disease risk among HIV-infected patients.  Future 

endeavors should re-examine these associations using a prospective design 

study.  

Since the patients in this study were specifically referred to the metabolic 

clinic from HIV clinics throughout Italy, it is possible that they do not represent the 

general HIV population.  Further, emerging evidence suggests that the 

associations between anthropometry, body composition and health risk differ 

between individuals of different racial and ethnical origins (143, 144, 204).  

Therefore, replicating this study in HIV-infected patients of different race and 

origin should be a priority moving forward to assess the generalizability of our 

findings.   

Further, the development of anthropometric cut-points is necessary to 

assist the clinician in identifying those who are at greatest risk.  Prospective 

studies with large sample size are required. 

Finally, research should continue in attempt to better determine the 

underlying mechanism(s) through which an increase in HC for a given WC 

conveys protection for T2D and CVD.  As alluded to previously, our results 

suggest that a mechanism other than VAT mediates the association between a 

large HC for a given WC and protection from T2D and CVD.  Thus, it is advisable 

that future work should examine different tissues, such as intermuscular fat and 

lean mass.  
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4.3 Adherence to guidelines 

Evidence-based clinical guidelines have been created for routine 

screening and accurate diagnosis of obesity in order to lead to proper treatment.  

In theory, screening guidelines for the practitioner are imperative for preventive 

work in identifying those who are at increased risk for morbidity and mortality.  

However, if we are going to ask practitioners to measure anthropometric 

variables, these measures should provide to the practitioner information that 

helps identify risk that otherwise would not be identified.  The application of the 

measures in the guidelines should be both time and cost effective in order to 

function in the clinical setting.  As a result, current guidelines in the United States 

(9) and Canada (107) recommend the measurement and recording of WC to 

identify obesity and individuals who require further assessment, including 

measurement of cardiometabolic risk factors.  However, various studies indicate 

that few practitioners measure WC routinely in clinical practice as WC is 

generally considered a measure for research purposes (53, 116, 192).  In fact, in 

2005 the Shape of the Nations survey found that 45% of practitioners worldwide 

reported never measuring WC and only 17% reported measuring WC on a 

routine basis (166).  Consequently, few obese individuals receive a diagnosis of 

obesity by their practitioner (21, 116).  Practitioners often cite multiple factors, 

including a lack of training, time and confidence as reasons for the limited use of 

BMI and WC (108, 120, 164).  

A few strategies may assist in establishing these measures as routine 

practice for the practitioner.  First, chart prompts have previously been shown to 
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be effective for increasing the likelihood that practitioners provide patients with 

preventive services, such as immunization and smoking cessation (13, 48, 157).  

Therefore, including anthropometric measures as ‘vital signs’ on the practitioners 

chart may be a method to improve screening of obesity.  Second, medical 

schools, as well as both privately and publicly funded companies should promote 

anthropometric measurements for each patient visit.  Finally, given the 

exponential increase in published peer-reviewed research papers it may be 

important to supply the practitioner with practical summaries and 

recommendations of the usefulness of new clinical tools.  

Further, when anthropometrics are measured, practitioners often show 

large inter-individual variation in WC (0.7 to 12 cm) (136, 159).  Variability among 

anthropometric measures may be explained by several factors.  First, as new 

sites and techniques continue to be developed and recommended in the 

literature, the lack of standardization can play a role in measurement error.  

Second, many anthropometric measures have been shown to have cut-points 

that vary by sex, ethnicity and authors, that are foreign to many practitioners 

(192).  Finally, the notion that for a given WC, the greater the HC the lower the 

risk may be counter-intuitive for many practitioners.  Continuing medical 

education through courses and seminars addressing proper techniques as well 

as interpretations may be helpful in reducing the variance as well as increasing 

the confidence in the measurements taken by the practitioner. 

In conclusion, education with respect to the importance and added value 

of anthropometric measures in routine clinical practice will take some time to 
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convey.  Further, for many practitioners it is counter-intuitive that for a given WC, 

a greater HC is associated with a reduction in health risk.  We also do not have 

cut-points for the combination of WC and HC that can identify individuals at 

increased health risk.  This paper is just the first step to show that the addition of 

HC to WC has added value in identifying HIV-infected patients at increased 

health risk.  However, before clinicians even consider adding yet another 

anthropometric measure for which they have neither the time nor skill they must 

be convinced it adds clinical value.  Additionally, because this notion remains 

counterintuitive, further research and further education is required.  More 

importantly, it is doubtful in Canada that practitioners will ever have the time to 

perform these measurements on a routine basis.  One solution may be to make 

changes to primary care by putting allied health professionals, such as 

kinesiologists, in the clinical setting to reduce the burden on the practitioner.  

However, before this is possible we have to have the education and evidence 

that it works.  
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SUMMARY AND CONCLUSIONS 

We have shown that the identification of high-risk HIV-infected patients by 

WC alone is substantially improved by the addition of HC. These observations 

reinforce the recommendation that WC and HC should be used in combination to 

identify HIV-infected adults, in particular men, and that identification of HIV-

infected adults at increased health may be underestimated when WC is used 

alone.   

Our observations also suggest that the ability of WC and HC combined to 

predict VAT might not be the conduit by which these anthropometric measures 

identify those at increased risk of cardiometabolic risk and morbidity.  That WC 

alone explained approximately 38% and 20% of the variation in VAT 

accumulation in HIV-infected men and women, respectively, confirms the 

challenge inherent to the prediction of VAT on an individual basis using simple 

anthropometric methods.   
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APPENDIX A: PHOTOGRAPHS FROM MY EXPERIENCE AT THE  
 
METABOLIC CLINIC IN MODENA, ITALY 
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Figure 1. Measuring blood pressure of an HIV-infected patient at the metabolic 

clinic 
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Figure 2. The dual-energy x-ray absorptiometry (DXA) machine at the metabolic 

clinic. 
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Figure 3. Performing the statistical analyses with the aid of Dr. Stefano Zona 
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Figure 4. Doctors Stefano Zona (left) and Giovanni Guaraldi (right) 
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APPENDIX B: SAMPLE OF THE STATISTICAL ANALYSES USED TO 

DERIVE THE RESULTS OF THIS MANUSCRIPT 
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Sample of the participant characteristics 
 
2 . * Demographic 
 
     3 . tab sesso 
       
            sesso |      Freq.     Percent        Cum. 
      ------------+----------------------------------- 
                F |        841       36.22       36.22 
                M |      1,481       63.78      100.00 
      ------------+----------------------------------- 
            Total |      2,322      100.00 
 
       
     4 . by sesso, sort: sum eta, detail 
       
      ------------------------------------------------------------------------- 
      -> sesso = F 
       
                                   eta 
      ------------------------------------------------------------- 
            Percentiles      Smallest 
       1%           21             15 
       5%           34             17 
      10%           36             17       Obs                 841 
      25%           39             17       Sum of Wgt.         841 
       
      50%           43                      Mean           43.14388 
                              Largest       Std. Dev.      6.853188 
      75%           47             68 
      90%           50             69       Variance       46.96618 
      95%           54             70       Skewness       .1714826 
      99%           65             70       Kurtosis       6.174356 
       
      ------------------------------------------------------------------------- 
      -> sesso = M 
       
                                   eta 
      ------------------------------------------------------------- 
            Percentiles      Smallest 
       1%           30             18 
       5%           35             24 
      10%           38             24       Obs                1481 
      25%           42             24       Sum of Wgt.        1481 
       
      50%           45                      Mean           45.88859 
                              Largest       Std. Dev.      7.258016 
      75%           49             72 
      90%           55             73       Variance        52.6788 
      95%           59             75       Skewness       .6566949 
      99%           67             75       Kurtosis       4.448657 
 
     5 . ttest eta, by(sesso) 
       
      Two-sample t test with equal variances 
      ------------------------------------------------------------------------ 
         Group |     Obs        Mean    Std. Err.   Std. Dev.   [95% Conf. Interval] 
      ---------+-------------------------------------------------------------------- 
             F |     841    43.14388    .2363168    6.853188    42.68004    43.60772 
             M |    1481    45.88859    .1885994    7.258016    45.51864    46.25854 
      ---------+-------------------------------------------------------------------- 
      combined |    2322    44.89449    .1501215    7.233925     44.6001    45.18887 
      ---------+-------------------------------------------------------------------- 
          diff |           -2.744712    .3071677               -3.347064    -2.14236 
      ------------------------------------------------------------------------------ 
          diff = mean(F) - mean(M)                                      t =  -8.9355 
      Ho: diff = 0                                     degrees of freedom =     2320     
          Ha: diff < 0                 Ha: diff != 0                 Ha: diff > 0 
       Pr(T < t) = 0.0000         Pr(|T| > |t|) = 0.0000          Pr(T > t) = 1.0000 
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Sample of a univariate linear regression 
 
     7 . by sesso, sort: regress vat cvita if num==1 & excluded!=1 
       
      ------------------------------------------------------------------------------- 
      -> sesso = F 
       
            Source |       SS       df       MS              Number of obs =     841 
      -------------+------------------------------           F(  1,   839) =  205.84 
             Model |  1398349.03     1  1398349.03           Prob > F      =  0.0000 
          Residual |  5699730.85   839  6793.48135           R-squared     =  0.1970 
      -------------+------------------------------           Adj R-squared =  0.1960 
             Total |  7098079.88   840   8450.0951           Root MSE      =  82.423 
       
      ------------------------------------------------------------------------------ 
               vat |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
      -------------+---------------------------------------------------------------- 
             cvita |   3.967233   .2765197    14.35   0.000     3.424481    4.509985 
             _cons |  -223.0245    23.0404    -9.68   0.000    -268.2481   -177.8009 
      ------------------------------------------------------------------------------ 
       
      ------------------------------------------------------------------------------- 
      -> sesso = M 
       
            Source |       SS       df       MS              Number of obs =    1481 
      -------------+------------------------------           F(  1,  1479) =  922.95 
             Model |  4487540.34     1  4487540.34           Prob > F      =  0.0000 
          Residual |  7191128.04  1479  4862.15554           R-squared     =  0.3843 
      -------------+------------------------------           Adj R-squared =  0.3838 
             Total |  11678668.4  1480  7890.99215           Root MSE      =  69.729 
       
      ------------------------------------------------------------------------------ 
               vat |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
      -------------+---------------------------------------------------------------- 
             cvita |   5.439073   .1790338    30.38   0.000     5.087885     5.79026 
             _cons |  -334.6913   15.85837   -21.11   0.000    -365.7986    -303.584 
      ------------------------------------------------------------------------------ 
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Sample of a multivariate regression 
 
      > * HOMA-IR: logistic 
     3 . by sesso, sort: logistic homa_2 cvita cfianchi eta physical_act smoke if num= 
      > =1 & excluded!=1 
       
      ------------------------------------------------------------------------------- 
      -> sesso = F 
       
      Logistic regression                               Number of obs   =        688 
                                                        LR chi2(5)      =      70.35 
                                                        Prob > chi2     =     0.0000 
      Log likelihood = -377.73787                       Pseudo R2       =     0.0852 
       
      ------------------------------------------------------------------------------ 
            homa_2 | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval] 
      -------------+---------------------------------------------------------------- 
             cvita |   1.110171   .0173491     6.69   0.000     1.076682      1.1447 
          cfianchi |   .9290411   .0191622    -3.57   0.000     .8922329    .9673677 
               eta |   .9787255   .0134242    -1.57   0.117     .9527651    1.005393 
      physical_act |   .6270364   .1213038    -2.41   0.016     .4291636    .9161417 
          smoke_yn |   .7962455   .1583737    -1.15   0.252     .5391908    1.175849 
             _cons |   1.052281   1.387006     0.04   0.969     .0794635    13.93464 
      ------------------------------------------------------------------------------ 
       
      ------------------------------------------------------------------------------- 
      -> sesso = M 
       
      Logistic regression                               Number of obs   =       1215 
                                                        LR chi2(5)      =     141.11 
                                                        Prob > chi2     =     0.0000 
      Log likelihood = -610.75424                       Pseudo R2       =     0.1036 
       
      ------------------------------------------------------------------------------ 
            homa_2 | Odds Ratio   Std. Err.      z    P>|z|     [95% Conf. Interval] 
      -------------+---------------------------------------------------------------- 
             cvita |   1.128393   .0171654     7.94   0.000     1.095246    1.162543 
          cfianchi |   .9096287   .0196778    -4.38   0.000     .8718671    .9490259 
               eta |    1.01853    .010831     1.73   0.084     .9975216    1.039981 
      physical_act |   .5075195   .0746534    -4.61   0.000     .3804044    .6771111 
          smoke_yn |   .8444047   .1307876    -1.09   0.275      .623319    1.143908 
             _cons |   .2659792   .3341652    -1.05   0.292     .0226691    3.120771 
      ------------------------------------------------------------------------------ 
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APPENDIX C: LICENSE AGREEMENT FOR THE USE OF FIGURE 4 
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