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ABSTRACT 

 

COMPARISON OF A BODY SHAPE INDEX AND BODY MASS INDEX AS 

PREDICTORS OF METABOLIC SYNDROME:  

NHANES 2007-2012 

by 

 

Rotana MohammadYahya A Radwan  

 

August 2016 

 

 A newly calculated anthropometric measurement (A Body Shape Index, ABSI) was 

introduced as a more reliable index of body composition than waist circumference (WC) 

and body mass index (BMI). ABSI was reported as a stronger predictor for mortality. 

Thus far, the relationship between ABSI and Metabolic Syndrome (MetS) has not been 

studied on a large U.S. population. The purpose of this cross-sectional study is to 

determine whether ABSI is a better predictor of the risk of MetS and its individual risk 

factors than BMI on a large and diverse sample of the U.S. population using the National 

Health and Nutrition Examination Survey (NHANES) 2007-2012. The study conducted 

had a total of 6,921 non-pregnant, non-lactating, fasted adults (≥20 years). 

Anthropometric measurements (WC, weight, and height) were obtained by qualified 

personnel. ABSI was defined as WC (m) / [BMI 2/3 × height (m) 1/2]. The revised National 

Cholesterol Education Program Adult Treatment Panel III definition was used to 

diagnose MetS. Simple and multiple logistic regressions were conducted using SAS 9.2. 

Simple logistic and multiple regression analysis (adjusted for age, gender, and ethnicity) 
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showed that all of the odds ratios (OR) for BMI quartiles were higher than ABSI quartiles 

for MetS and each individual MetS risk factor. Therefore, this study concludes that BMI 

is a better predictor of MetS and each individual MetS risk factor in the general U.S. 

population. 
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CHAPTER I 

INTRODUCTION 

Metabolic Syndrome (MetS) is a group of inter-related metabolic abnormalities, 

such as hyperglycemia, hypertension, lipid disorders and abdominal obesity [1]. Together 

these abnormalities raises an individual's risk of having diabetes and heart-related 

diseases [2]. The pathophysiology of MetS is still controversial; however, studies have 

found a strong direct association between MetS and obesity [3].          

Currently, body mass index (BMI) is the simplest assessment tool for obesity used 

worldwide [4]. However, the use of BMI alone to assess for adiposity has limitations, 

especially among adults with BMI ≤30 kg/m2 [5]. BMI assesses total body weight for 

height without differentiating between the amount of fat or muscle mass. Most 

importantly, BMI does not account for fat distribution, this is particularly misleading 

since abdominal fat deposition is thought to play in an important role in the development 

of MetS [5]. For those reasons, health organizations recommend measuring waist 

circumference (WC) along with BMI to better assess for abdominal obesity risk [4]. 

However, most studies have found a high correlation between WC and BMI to the extent 

that WC and BMI should not be considered as two independent risk factors in assessing 

chronic disease risk [6].  

To overcome these limitations, Krakauer and Krakauer suggested a new 

calculated index of body composition called “A Body Shape Index” (ABSI) [7]. The 

index is based on measuring abdominal obesity without the negative influence of height 
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and weight: ABSI = WC (m) / [BMI 2/3 × height (m) 1/2].  A high ABSI value has been 

found to correlate with a higher percentage of visceral fat compared to peripheral fat. Due 

to this characteristic, researchers have assessed the relationship between ABSI and 

different metabolic risk factors. However, the results were inconsistent. ABSI was found 

to be a more accurate predictor of resting blood pressure in Portuguese adolescents 

compared to BMI and WC [8]. It was also a better predictor of hyperinsulinemia, and 

hypercholesterolemia in a Polish population of sedentary men [9]. However, ABSI was 

found to be a weaker predictor for MetS among an Iranian population [10].  

While the literature on ABSI is increasing, thus far there has not been a large 

study conducted on a diverse U.S. population. The aim of this cross-sectional study is to 

determine whether ABSI is a better predictor of the risk of MetS and its individual risk 

factors than BMI on a large and diverse sample of the U.S. population using National 

Health and Nutrition Examination Survey (NHANES). 
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CHAPTER II 

LITERATURE REVIEW 

Metabolic Syndrome Definition 

As early as 1923 a constellation of metabolic abnormalities such as raised blood 

pressure, glucose, and uric acid, were noticed in a number of patients. At the time, these 

abnormalities were not defined as a syndrome or disease. However, decades later, Reaven 

named the collection of metabolic abnormalities as "Syndrome X"[11]. This time it 

included more specific metabolic abnormalities such as abnormal plasma glucose 

concentration, elevated blood pressure, increased low-density lipoprotein cholesterol 

(LDL-Cholesterol), increased triglycerides, and decreased high-density lipoprotein 

cholesterol (HDL-Cholesterol) [1]. Together, these abnormalities are associated with a 

significant increased risk of cardiovascular disease (CVD), stroke, type two diabetes 

mellitus (DMT2), and mortality. The underlying pathophysiology is still controversial. 

However, many experts believe it may be due to abdominal obesity and/or insulin 

resistance [12]. 

 Worldwide, MetS does not have one official and standard definition; it is defined 

differently by several international health organizations. The five leading diagnostic 

criteria have been established by the World Health Organization (WHO), the European 

Group for the Study of Insulin Resistance (EGIR), the National Cholesterol Education 

Program's Adult Treatment Panel III (NCEP: ATP III), the American Association of 

Clinical Endocrinology and the American College of Endocrinology (AACE-ACE), and 

by the International Diabetes Federation (IDF).  
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The WHO published an official clinical definition of MetS in 1999 [1,13]. Insulin 

resistance was essential to the pathophysiology of MetS, so evidence for insulin 

resistance or its alternates ( DMT2, and impaired glucose tolerance) were a requirement 

in the WHO MetS definition, along with at least two of the following parameters: 

1. Regional Obesity  

  BMI > 30 kg/m2 

 

and/or 

 

 Waist-to-hip ratio (WHR) > 0.9 (males) and > 0.85 (females) 

2. Elevated blood pressure 

 High systolic/ diastolic blood pressure ≥ 140/90 mmHg or medical 

history of antihypertensive medication use 

3. Decreased HDL-Cholesterol  

 < 35 mg/dl  (males) and < 39 mg/dl (females)  

4. High triglyceride concentration   

 ≥ 150 mg/dl 

5. Increased urine albumin concentration 

 Albumin: creatine ratio ≥ 30 mg/g 

and/or  

 Rapid excretion of albumin ≥ 20 µg/min 
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Insulin resistance in this definition could be measured by homeostatic model 

assessment or even by euglycemic hyperinsulinemic clamp studies [1,13] , but these type 

of measurements are not commonly performed, which makes this criteria inefficient in 

clinical settings, and not suitable for epidemiologic studies where quick and simple 

assessment tools are needed. 

Shortly after the suggested WHO criteria, the EGIR re-defined the syndrome and 

referred to it as "Insulin Resistance Syndrome" instead of MetS. Similar to the WHO, the 

EGIR emphasized the significance of insulin resistance to the pathophysiology of MetS 

[1, 13]. However, the EGIR simplified the diagnosis of insulin resistance by setting the 

75th percentile as a cutoff point to reflect abnormal elevated fasting plasma insulin levels, 

this change made the criteria very applicable in clinical settings. The EGIR also omitted 

patients with DMT2 from the diagnostic criteria, because insulin resistance is an 

underlying cause of diabetes, while diabetes is a manifestation of MetS or "Insulin 

Resistance Syndrome". The EGIR criteria requires two additional factors among the 

following [3]: 

1. Abdominal obesity 

 WC ≥94 cm (males) and ≥80 cm (females) 

2. High blood pressure 

 High systolic/ diastolic blood pressure  ≥140/90 mm of Hg or the use 

of anti-hypertensive medications 

3. Dyslipidemia  
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 Decreased HDL-Cholesterol levels <39 mg/dl  

 

and/or 

 

 High triglyceride concentration ≥150 mg/dl 

 

4. High concentration of blood glucose levels manifested in the form of 

impaired fasting glucose or impaired glucose tolerance  

The indicators to assess obesity were simplified to only measuring WC, whereas 

the WHO definition used WHR or BMI measurements to asses for obesity risk [1, 13]. 

High levels of urine albumin were omitted from the diagnostic criteria, because there was 

not enough evidence to support its role in the development of MetS. More emphasis was 

placed on lipid disorders ( high triglycerides, and reduced HDL-Cholesterol) as well as 

elevated systolic and diastolic blood pressure and their relationship with  insulin 

resistance [3].   

In 2001, the NCEP: ATP III adjusted the WHO MetS criteria. The term 

"Metabolic Syndrome" was reintroduced in preference to "Insulin Resistance Syndrome" 

because according to NCEP: ATP III, insulin resistance was not a requirement for the 

pathophysiology of MetS [1,3,13]. The NCEP: ATP III’s focus was abdominal obesity 

measured by WC instead of the general obesity measured by BMI. According to this 

definition, MetS is present if at least three or more of the following components are met: 

1. Central obesity   

 WC> 102 cm (males) or > 88 cm (females) 
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2. Increased triglyceride levels  

 ≥ 150 mg/dl 

4. Decreased HDL-Cholesterol concentrations   

 < 40 mg/dl (males) and < 50 mg/dl (females) 

5. High blood pressure 

 High systolic/ diastolic blood pressure ≥ 130/85 mmHg 

6. Elevated plasma glucose levels 

 Fasting glucose levels > 100 mg/dl 

The NCEP: ATP III does take inflammation and its markers into consideration as 

constituents of MetS but not as necessary components to diagnose MetS. However, the 

NCEP: ATP III focuses on low HDL-Cholesterol concentrations and high triglyceride 

levels as individual risk factors in the diagnostic criteria, rather than simply combining 

them together under the umbrella of dyslipidemia [1,13]. The NCEP:ATP III uses 

measurements and laboratory equipment commonly used in hospitals making the 

NCEP:ATP III definition applicable in clinical settings. 

In 2003, the AACE-ACE developed a unique criterion to define MetS. The 

AACE-ACE is a mixture of both the WHO and NCEP: ATP III definitions [1,13]. The 

AACE-ACE promotes the terminology of "Insulin Resistance Syndrome"; their reasoning 

is based on pathophysiological mechanisms that drive metabolic consequences such as 
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atherosclerosis and DMT2. The AACE-ACE is the only definition that heavily depends 

on the clinician's expert judgement which considers a range of risk factors such as: 

1. Below average HDL-Cholesterol plasma levels 

  <40 mg/dL (males) and <50 mg/dL (females) 

2. Elevated triglyceride concentrations 

 ≥150 mg/dL 

3. Above average systolic and diastolic blood pressure values 

 ≥130/85 mm Hg 

4. Above normal fasting glucose levels 

 >140 mg/dL 

5. Two- hour post-glucose challenge 

 >140 mg/dL 

6. Abnormal fasting plasma glucose levels  

 110 - 126 mg/dL 

7. Inactive lifestyle 

8. Focus on ethnic groups at higher risk of metabolic abnormalities 

9. Old age 

10. Polycystic ovarian syndrome 

11. Family history of DMT2, and CVD  

 

The AACE-ACE also emphasizes the role of inflammation and endothelial function. 

Clinicians are encouraged to investigate the patient as whole [1, 13]. They consider the 

patient's past, present, and then pinpoint a prognosis. However, because diagnosis is 
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solely based on the clinicians' judgement, it can be very limiting in terms of consistency 

and applicability.  

In 2005, the IDF released the most recent clinical criteria for MetS. It is very similar 

to the NCEP: ATP III MetS definition, with the exception of focusing more on ethnic-

specific cutoff values for central obesity measured by WC [1, 13]. The rationale behind 

this prerequisite is to take into consideration ethnic variations in body composition, since 

certain ethnicities are at greater risk of MetS, even with smaller WC cutoff values. To 

meet the IDF criteria for MetS, individuals must have at least two of the following risk 

factors in addition to abdominal obesity: 

1. Increased blood pressure levels 

 High systolic/diastolic blood pressure ≥ 130/85 mmHg or medical history 

of antihypertensive use    

2. Increased triglycerides concentration  

 ≥ 150 mg/dl or medical history of lipid-lowering medication use    

3. Decreased HDL-C levels  

 < 40mg/dl (males) and <50 mg/dl (females) or history of  lipid-lowering 

medication use    

4. Increased fasting blood glucose concentrations  

 ≥ 100 mg/dl or medical record of previous DMT2 diagnosis  

 

The IDF definition is unique because it recognizes the importance of the medical 

history of different risk factors and does not only focus on recent values of triglycerides, 

HDL-Cholesterol, blood glucose, and blood pressure [1,13].  
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  Although there is still debate on which of the five definitions is the ideal criteria 

for clinical application. The NCEP: ATP III definition is the most commonly used criteria 

of MetS [1,13]. The NCEP: ATP III criteria does not limit the diagnosis of MetS by 

requiring a specific risk factor to exist. The laboratory equipment that help evaluate 

specific MetS components in the NCEP: ATP III definition are also readily available in 

hospital settings. Thus, the NCEP: ATP III criteria is very appropriate to use in both 

clinical settings and epidemiological studies. 

Metabolic Syndrome Prevalence 

 

The prevalence of MetS is increasing alongside the significant progression of 

obesity. The prevalence of MetS varies between similar studies conducted on the same 

population, because researchers use their preferred diagnostic criterion of MetS. 

Prevalence also differs based on the composition (gender, ethnicity, age) of the target 

population. However, regardless of which criterion was used or the composition of the 

studied population, the prevalence of MetS is escalating in western civilizations. 

According to Balkau et al.,  20% of adults in the Western world have MetS [14]. 

However, it is not a problem exclusive to the western region; MetS is also becoming a 

phenomenon in developing countries. In fact, according to the IDF, 25% of the world’s 

population are suffering from MetS [14, 15]. This occurrence could be due to the popular 

transition around the word from a customary lifestyle to a more modern one. Populations 

are now living longer due to better access to healthcare. Developing countries are 

becoming more urbanized with increasing obesity rates accompanied with an unhealthy 

diet and a sedentary life style.  
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In the United States, data from the 2003 to 2012 NHANES database indicated that 

the prevalence of people who met the NCEP: ATP III guidelines for MetS was 

approximately 33%, suggesting that about 1 in 3 Americans are afflicted with MetS [16].  

Based on gender, women (35.6%) were more likely to have Mets than men (30.3%). 

Based on race, Mexican Americans (36.4%) were more afflicted with MetS than either 

Caucasian Americans (33.4%) or African Americans (32.7%). Interestingly, the study 

found MetS prevalence to increase with age [16]. For young adults between the ages of 

20 to 39 years old, prevalence of MetS was 18.3%. However, for older adults ages 60 

years and older, the prevalence of MetS (46.7%) was almost triple the prevalence of 

young adults. 

From 2003-2004 and 2011-2012 [16], the prevalence of MetS increased by 

approximately 2%. However, from 2007-2008 to 2011-2012, they found that the 

prevalence of MetS did not significantly change except for females; MetS prevalence 

decreased from 39.4% in 2007-2008 to 36.6% in 2011-2012.   

MetS significantly raises the possibility of developing CVD and DMT2. People 

who meet the MetS criteria have double the risk of having a stroke or heart attack, and 

are five times more likely to develop DMT2 compared with people who do not have 

MetS [14]. Each additional individual risk factor of MetS leads to an increased risk of 

CVD; the risk is much greater when MetS itself is present. If DMT2 or CVD are not 

already present, MetS is a strong predictor for its development. Consequently, even 

before glucose levels are high enough for someone to be diagnosed with DMT2, MetS 

can serve as a simple and inexpensive clinical tool that helps clinicians recognize 
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individuals with abnormalities early on to intervene and prevent further worsening of the 

condition [2]. MetS criteria is especially useful for identifying patients that normally 

would have been overlooked because they do not have the more traditional risk factors of 

developing CVD such as low HDL-Cholesterol concentrations, or high LDL-Cholesterol 

levels.  

Anthropometric measurements are essential clinical tools used to predict 

morbidity and mortality. They are especially valuable when conducting large-scale 

studies that require inexpensive and simple measurements. BMI and WC are frequently 

used as tools to predict metabolic abnormalities, but research is constantly finding 

limitations in both measurements.   

It is of critical importance to have a greater understanding of tools that help 

predict MetS and its risk factors. Accurate anthropometric assessments will assist with 

intervention and prevention of disease when abnormality is detected early. Finding the 

best assessment tools for MetS can help decrease the prevalence of MetS and its 

consequences worldwide. Lifestyle changes such as diet and exercise play an imperative 

role in delaying and preventing complications.  

Body Mass Index and Metabolic Risks 

 

Obesity is widely assessed in terms of BMI surpassing threshold values. In the 

mid- nineteenth century, Adolphus Quetelet noticed that there was a proportionate 

relationship between one's weight and height [17]. Quetelet later defined BMI by 
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dividing one's total weight by one's squared height [17]. BMI classifies adults according 

to their appropriate weight status into three categories: underweight, overweight and 

obese. BMI is widely used in both epidemiologic studies and in clinical settings for 

assessment and intervention in case weight loss or weight control is needed. One rational 

behind the use of this index is that studies have found it to be closely related with the 

percentage of fat in adipose tissues [18]. Another reason is that height is greatly 

correlated with weight, yet BMI is approximately uncorrelated with height, and with most 

other obesity indices [18], the independence from height enables comparisons across 

individuals. 

 According to the WHO, BMI  provides many advantageous qualities; the weight 

categories provides researchers with a simple tool that can easily compare within and 

between populations' weight statuses and identify the population’s increased risk for 

metabolic abnormalities. Epidemiological studies have found that a BMI >30 kg/m2 is 

correlated with a greater risk for morbidity and mortality [17].  The Prospective Studies 

Collaboration found a BMI range of 22.5–25 kg/ m2 to be protective against mortality 

[19]. The study also interestingly concluded that 5 kg/m2 above a BMI of 25 kg/ m2  will 

significantly increase the risk for mortality by 30%. However, using BMI alone to asses 

for body fat has several limitations, especially for populations with a BMI ≤30 kg/m2.  

BMI represents overall body weight which includes both fat and muscle weight. 

This limitation causes errors in diagnosing the accurate weight status of many 

individuals. People with a normal body weight but excess fat mass will often be labeled 

as healthy. Equally, individuals whose body weight is high due to increased lean muscle 
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mass will be misdiagnosed as overweight or obese [5]. This is dangerous because muscle 

and fat have opposite physiological effects on the body [20]. Fat mass increases the risk 

of mortality and morbidity, while muscle mass helps reduce the risk.  

There is wide variation of body fat distribution that BMI cannot accurately detect. 

BMI does not work the same with different populations, because body composition is 

different based on gender, age, and ethnicity [21]. Studies have found that at comparable 

BMI values, women have significantly greater body fat content than do men. Older 

populations at comparable BMI values with the younger population have significantly 

higher body fat percentages. Old age is generally accompanied with sarcopenia which 

could be a potential reason behind this age-related discrepancy of  fat content between the 

young and old.  

Asians are a specific ethnic group who are at a significantly greater risk for 

morbidities at lower BMI values. Generally, Asians are more likely to have metabolic 

risk factors at a BMI range of 22 kg/m2 – 25 kg/m2. The risk increases significantly at a 

BMI range of  26 kg/m2 – 31 kg/m2 [22,23].  Studies have also suggested that since the 

current BMI cutoff points may underestimate obesity, it may also specifically 

underestimate cardio-metabolic risks associated with weight gain among non-European 

populations [24]. Razak et al. found that Chinese, Aboriginal, and South Asian people 

have plasma lipid and glucose abnormalities at significantly lower BMI cutoff points 

when compared with Caucasians [24]. Compared to Europeans, the Chinese have a 

tendency to develop hypertension at a much lower BMI value.  Aboriginals have lower 

blood pressure levels compared to all three ethnicities (Chinese, Aboriginal, and South 
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Asian) at any BMI category. However, the increase in blood pressure levels with weight 

gain among South Asians was not greater than in Europeans [24]. Similar findings were 

discovered in an earlier study that compared blood pressure values between South Asian 

Canadians and Caucasian Canadians [25].  

Razak et al. also found similar BMI cutoff values that detected abnormal lipid 

profiles (BMI=21.0 kg/m2) and glucose levels (BMI= 22.0 kg/m2) among South Asians 

[24]. For the Chinese and Aboriginals populations, the BMI cutoff values to predict their 

risk of an abnormal lipid profile were significantly higher compared to the BMI cutoff 

values that helped predict their abnormal glucose levels. Signs of hypercholesterolemia 

showed in the Chinese at BMI= 25.9 kg/m2, and for the Aboriginals at BMI= 26.1 kg/m2. 

On the other hand, hyperglycemia signs and symptom appeared for the Chinese at BMI= 

20.6 kg/m2, and for the aboriginals at BMI= 21.81 kg/m2. Since South Asians in this 

study had a two times greater risk for abnormal lipid and glucose levels, their risk of 

developing CVD was much higher compared with other ethnicities. More studies are 

needed to understand the mechanism that causes South Asians to be more susceptible to 

metabolic abnormalities at normal BMI values. Understanding findings of studies 

comparable to this one is very important for clinicians and researchers to evaluate and 

report accurate data. Studies on multiple ethnic groups help clarify the true relationship 

between body composition and risk of disease.  

The concept of body weight and its association with metabolic abnormalities has 

been a topic of interest for many years. An earlier study conducted by Denke et al. in 

1993 on men [26], and again in 1994 on women [27], investigated the relationship 
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between body weight and serum lipid abnormalities. In both studies, they found that a 

high BMI significantly changes an individual’s lipid profile negatively. Being overweight 

according to BMI classifications is associated with elevated levels of total cholesterol, 

LDL- Cholesterol, decreased levels of HDL- Cholesterol and elevated concentrations of  

triglycerides. 

Although many studies have already established being overweight or obese as a 

significant risk factor behind many metabolic diseases, there are still studies that 

challenge this concept. Ärnlöv et al. investigated the association between BMI categories 

and MetS in 1758 middle-aged men without diabetes [28]. The participants were 

categorized according to BMI-MetS status. During a 30 years follow-up period, 45% of 

the subjects died, and 39% developed heart-related diseases. Indeed, the study found an 

increased risk in overweight and obese men for CVD. However, even men in normal 

weight BMI categories had a significant increased risk of heart-related diseases. In 

general, they also found that middle-aged men with MetS had increased risk for CVD and 

total mortality regardless of their BMI status. Ärnlöv et al. suggested that there’s more to 

MetS than being overweight, and having MetS should not be synonymous with being 

overweight or obese.  

Despite BMI’s limitations, it is still a good initial assessment tool of body fatness 

in clinical settings because it is easily measured (weight, height) and calculated. 

However, clinicians must be aware of these limitations when using BMI alone as an 

index of adiposity. 
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Abdominal Obesity and Metabolic Risks 

 

  Studies have recognized that the risk of developing metabolic abnormalities is 

affected by the individual's body shape [7].  Metabolic abnormalities associated with 

insulin resistance are commonly present in individuals with abdominal obesity [29].  A 

high content of visceral fat may be an important underlying cause behind insulin 

resistance and metabolic abnormalities such as hyperglycemia, hypercholesterolemia, and 

hypertension. The actual mechanism that links both insulin resistance and abdominal 

obesity together has not been fully understood. However, excessive fat in adipose tissues 

result in a flux of free fatty acids and triglycerides in the plasma, which causes 

physiological changes that leads to a manifestation of metabolic abnormalities; it impairs 

insulin production, therefore raises blood glucose levels, and eventually leads to DMT2. 

Excess adipose tissue fat, especially visceral fat also causes insulin resistance by 

releasing inflammatory cytokines. In addition, excessive visceral fat decreases 

adiponectin production.  Adiponectin is known to help regulate blood glucose levels and 

improves endothelial function by reducing inflammation, so the lack of adiponectin 

causes the body to be more susceptible to CVD risk [12].  

Because individuals with excessive regional fat have a higher susceptibility for 

metabolic diseases, the WHO concluded that abdominal obesity should also be measured 

in conjunction with BMI to better predict disease risk [4,7].  Multiple organizations have 

recommended that WC measurements be used within BMI categories to classify obesity-

related diseases due to the growing evidence of a positive association between regional 

body fat distribution and MetS risk factors [30,31].  
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A Canadian study by Brenner et al. examined whether WC or BMI were better 

predictors of cardio-metabolic health [32]. Through measuring lipid concentrations of 

healthy, multi-ethnic, group of young adults. Brenner et al. found that WC was a stronger 

predictor of triglycerides, HDL-Cholesterol, and overall total cholesterol than BMI, 

especially amongst men in East Asian and Caucasian subgroups. However, there was 

only a small difference between the two predictors on East Asian women.  

Another study conducted by Højgaard et al. looked at the issue from an 

economical point of view; they compared the relationship between BMI and WC as 

predictors of future health care costs [33]. They hypothesized that a larger WC at any 

BMI category indicated a higher future cost, and vice versa, whereas for all levels of WC 

a higher BMI led to lower future health care expenses. The study further investigated 

whether measuring both WC and BMI would predict health care costs more accurately 

than either one alone. Højgaard et al. collected data from a large population of 31,840 

adult subjects and analyzed the relationship between future costs of health care and both 

BMI and WC using categorized and continuous analyses. Based on their categorical 

analysis, they found measuring WC to be most helpful for individuals with BMI<30 

kg/m2 . It is common for those in the normal weight category to be overlooked, when 

regional fat is not measured. Nevertheless, when analyzing BMI and WC as continuous 

variables, the results suggested that for any BMI category, measuring WC does indeed 

help identify individuals who are at a greater risk of future health care costs regardless of 

their BMI status. Therefore, the greater the regional fat content at any BMI value, the 

higher the costs for health care in the future. Conversely, if WC is measured and then 
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BMI is added for assessment, it will not help in predicting increased future health care 

costs, except for females with a BMI<30 kg/m2 and WC <88 cm.  

On the other hand, other studies suggest that WC may not add much more 

valuable information about body composition and disease risk than BMI alone. Since WC 

and BMI are highly correlated, using either one as an individual assessment tool for the 

prediction of future complications is unhelpful [7]. A recent cross-sectional study 

conducted by Gierach et al. investigated the correlation between BMI and WC in patients 

with metabolic abnormalities such as hypertension, diabetes, and lipid disorders [34]. 

They distinguished the constituents of MetS according to gender and found a significant 

association between WC and BMI in each group. However, the correlation was lowest in 

the hypertensive female group, possibly due to the fact that females usually have a 

smaller WC and lower BMI value compared with males. 

In clinical practices, WC measurements are not well implemented despite the 

simplicity of the method of measurement. There is inconsistency in body measuring sites. 

In a review of literature, researchers found eight different measurement sites for WC [6]. 

This is problematic, because different locations will provide different values of WC. An 

absence of a standardized WC measurement makes it difficult to compare research that 

studied WC on different populations; the results will always be questioned, unless it’s 

being compared with studies that used the same measurement technique.  Another issue is 

that professional and trained personnel are required to measure WC without any errors. 

Some sites are more difficult to locate than others are. An example of that is WC 

measurement at the iliac crest. Although the iliac crest is hard to locate, it is still preferred 

by the National Institutes of Health and the National Heart, Lung, and Blood Institute 
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[35]. Weight changes will not affect the iliac crest bone structure, which is good for 

prospective and longitudinal studies that focus on body composition changes throughout 

time.  

The WHO recommends measuring the center in between the iliac crest and lowest 

rib. However, the clinician must be able to locate two different structures [35]. Then the 

clinician will also need to calculate the midpoint of the space between these two sites. 

Compared to measuring only the iliac crest, this method requires even more skill and 

time, which is a disadvantage. 

In summary, based on the reviewed literature, the determination of which measure 

of adiposity is better associated with metabolic abnormalities produced inconsistent 

conclusions. Therefore, there is a need for more research in this area. 

A Body Shape Index and Metabolic Risks 

 

 In 2012, Krakaur et al. proposed a Body Shape Index (ABSI) that was 

uncorrelated with BMI, weight, and height in an attempt to better quantify abdominal 

obesity by further utilizing WC and overcoming the limitations of both BMI, and WC [7]. 

The researchers suggested that the usage of ABSI along with BMI as an assessment tool 

eliminated the effect of height and weight (body shape) on an individual's body shape 

(abdominal obesity). A greater than average ABSI for a given weight and height 

represented a greater than average WC, and therefore indicated a higher percentage of 

visceral fat. 

In their 5-year follow-up study, Krakauer et al. evaluated the predictive power of 

ABSI on mortality compared to WC and BMI across BMI categories, race, gender, and  
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age  on a U.S. population sample derived from the NHANES (1999–2004). The study 

found a nearly exponential increase in mortality in individuals with a greater than average 

ABSI. In fact, 22% of the mortality rate was due to above average ABSI values; 

compared to only 15% that was attributed to high WC and BMI values. The researchers 

suggested that WC and BMI could be confusing predictors because they showed high 

death rates at both low and high values of BMI.  ABSI was successful in predicting the 

risk of mortality across age, gender and different BMI categories. It was also effective in 

predicting mortality for Americans of European and African ancestry, but was less 

effective for those of Mexican origin.  

In 2014, Krakauer et al. conducted another study with the same objectives of 

evaluating ABSI's predictive ability for mortality [36]. However, this time they addressed 

some of the limitations of their first study and improved it by using longer follow up 

period data from the British Health and Lifestyle Survey (HALS) on a large British 

population sample. HALS provided repeated ABSI measurement observations, which 

enabled them to learn more about changes in ABSI through time. HALS also provided 

them with the opportunity to compare ABSI with more anthropometric measures such as 

waist to height ratio, and WHR.  

The research found that ABSI was still the superior predictor for mortality 

compared to all other anthropometric measurements. However, WHR was equally 

correlated with mortality. The researchers still preferred ABSI to WHR as a clinical 

option because it required fewer additional body measurements. Since Krakauer et al. 

published their study in 2012, the successful ability of ABSI to predict mortality and 
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assess for a higher fraction of visceral fat, has led to an increased interest to investigate 

the relationship between ABSI with different health outcomes.    

Diabetes 

 A 15-year follow up study conducted by He et al. assessed whether ABSI could 

predict  DMT2 in a Chinese population [37]. The research found that ABSI significantly 

and independently predicted DMT2. However, the predictive power of ABSI was not 

greater than BMI or WC.  The study suggested that ethnic differences could be the 

rationale behind the inconsistency in the predictive ability of ABSI. The Chinese 

population had lower mean values of BMI, WC and ABSI compared to the U.S. 

population that included African, European, and Mexican ethnicities only [7]. Asians 

tend to have smaller body frames along with lower BMI values. The Chinese study also 

found that ABSI had some correlation with height, weight, and BMI, unlike the original 

study that only had little correlation [7], possibly due to the different WC measurement 

protocol used in this Asian study.  

Hypertension 

 Duncan et al. assessed ABSI, BMI, WC and their relationship with blood 

pressure in 445 Portuguese children and adolescents [8]. The study found ABSI, BMI and 

WC to be significant, strong predictors for both systolic and diastolic blood pressure for 

both gender groups. However, ABSI was a significantly stronger predictor of blood 

pressure because it explained changes in blood pressure much better than the other 

anthropometric measurements. Interestingly, ABSI predicted changes in systolic blood 

pressure two times better for boys than it did for girls. Weight for height as well as fat 
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deposition affects blood pressure values. Boys have more muscle mass, especially in their 

upper body, which may increase the possibility of altering their WC-for-height ratio. Any 

changes in WC and BMI will influence the result of ABSI. Therefore, the increase in 

muscle mass maybe the reason ABSI is a better predictor for boys. 

Cheung et al. also assessed the association between ABSI, WC, BMI and 

hypertension using a large database that nationally represents the Indonesian population, 

titled: "The Indonesian Family Life Survey Wave 3" [38]. Anthropometric measurements 

and blood pressure values were obtained from 8255 middle-aged and older adults. The 

study found that although ABSI significantly predicted hypertension, WC and BMI were 

the stronger predictors.   

Multiple Metabolic Risk Factors 

Malara et al. assessed the relationship between ABSI and BMI with multiple 

metabolic risk factors. Anthropometric measurements (weight, height, WC) were 

measured from 114 sedentary Polish male university students [9]. Subjects were required 

to fast overnight, and blood were drawn to determine plasma levels of total cholesterol, 

HDL-Cholesterol, LDL-Cholesterol, non-HDL-Cholesterol, triglycerides, hyperglycemia 

and circulating insulin. The research found BMI and ABSI to correlate with different 

biochemical variables. BMI correlated better with circulating triglycerides. However, 

ABSI more accurately described the changes in plasma insulin, LDL-Cholesterol and 

non-HDL-Cholesterol levels. However, neither ABSI nor BMI were significantly better 

than each other at predicting non-HDL-Cholesterol, and hyperglycemia. The 

homogeneity of the participants based on age, sex, ethnicity, and socioeconomic status 
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along with the small sample size weakens the studies’ ability to extrapolate the results to 

a more diverse population. 

In a large retrospective cohort study, Fujita et al. assessed whether ABSI could 

predict diabetes, hypertension, and dyslipidemia on a Japanese population that included 

48,593 subjects [39]. The study used yearly health examination data from Chiba City in 

Japan from 2008 to 2012. Fujita et al. found ABSI, BMI, and WC to significantly predict 

all three diseases. However, BMI and WC were the more powerful predictors. The study 

also mentioned that the discrepancy in results could be due to variations of body 

compositions based on ethnicity. The Japanese study had similar results to the previous 

Asian studies on Chinese and Indonesian populations.  

Metabolic Syndrome 

A cross-sectional study on an adult Iranian population compared the predictive 

ability of ABSI, BMI, WtHR, and Clínica Universidad de Navarra - Body Adiposity 

Estimator (CUN-BAE) for CVD risk factors using the Isfahan Heart Program, which is a 

community-based program with the goal of CVD prevention and control in Iran [10]. The 

program has both physical examinations, and interviews. To assess the relationship 

between anthropometric measurements and CVD risk factors, they measured plasma total 

cholesterol, HDL-Cholesterol, LDL-Cholesterol, triglycerides, C-reactive protein, 

Apolipoprotein A, Apolipoprotein B, and blood pressure. For MetS they used the IDF 

diagnostic criteria; so in order to be diagnosed with MetS, subjects must have abdominal 

obesity along with two additional risk factors. Abdominal obesity cutoff values were 

ethnic-specific. They found all anthropometric measurements to be significantly 
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correlated with each risk factor; however, the correlation was still considered weak and 

ABSI was the weakest predictor of both CVD and MetS. 

National Health and Nutrition Examination Survey 

 

NHANES is a survey research program run by the National Center for Health 

Statistics (NCHS) and within the Centers for Disease Control and Prevention (CDC).  

The survey was developed to assess the health and nutritional status of children and 

adults in the United States and to observe the health related changes that occur within the 

nation over time.  

NHANES started in the early 1960s; data was continuously collected in 1999. 

Every year,  NHANES studies approximately 5,000 selected subjects to be nationally 

representative from all age and major ethnic groups. African Americans, Hispanic 

Americans, and adults 60 year and over are oversampled to produce reliable statistics.  

NHANES is unique compared to other surveys because in addition to gathering 

data through interviews, it also includes extensive physical and laboratory assessments. 

The subjects are given a health exam interview that includes health-related, dietary recall, 

demographic, social, and economic questions. Subjects also undergo a medical 

examination that includes dental, anthropometric, and physiological measurements, in 

addition to laboratory tests conducted by trained professionals. All age groups except for 

the very young are given health examinations that include a blood sample [40]. 

 

 

 

 



 

26 

 

REFERENCES 

 

 

1.  Parikh RM, Mohan V. Changing definitions of metabolic syndrome. Indian J 

Endocrinol Metab. 2012; 16: 7–12. doi:10.4103/2230-8210.91175 

2.  Kaur J. A comprehensive review on metabolic syndrome. Cardiol Res Pract. 2014; 

2014:21. doi:10.1155/2014/943162 

3.  Kassi E, Pervanidou P, Kaltsas G, Chrousos G. Metabolic syndrome: definitions and 

controversies. BMC Med. 2011;9: 48. doi:10.1186/1741-7015-9-48 

4.  World Health Organization. Waist circumference and waist-hip ratio : report of a 

WHO expert consultation, Geneva, 8-11 December 2008 [Internet]. Geneva: World 

Health Organization; 2011[cited 2016 March 12]. 12 p. Available from: 

http://www.who.int/iris/handle/10665/44583.  

5.  Okorodudu DO, Jumean MF, Montori VM, Romero-Corral A, Somers VK, Erwin 

PJ, et al. Diagnostic performance of body mass index to identify obesity as defined 

by body adiposity: a systematic review and meta-analysis. Int J Obes. 2010;34: 791–

799. doi:10.1038/ijo.2010.5 

6.  Willis LH, Slentz CA, Houmard JA, Johnson JL, Duscha BD, Aiken LB, et al. 

Minimal versus umbilical waist circumference measures as indicators of 

cardiovascular disease risk. Obesity. 2007;15: 753–759. doi:10.1038/oby.2007.612 

7.  Krakauer NY, Krakauer JC. A new body shape index predicts mortality hazard 

independently of body mass index. PLoS ONE. 2012;7: e39504. 

doi:10.1371/journal.pone.0039504 

8.  Duncan MJ, Mota J, Vale S, Santos MP, Ribeiro JC. Associations between body 

mass index, waist circumference and body shape index with resting blood pressure 

in Portuguese adolescents. Ann Hum Biol. 2013;40: 163–167. 

doi:10.3109/03014460.2012.752861 

9.  Malara M, Kęska A, Tkaczyk J, Lutosławska G. Body shape index versus body 

mass index as correlates of health risk in young healthy sedentary men. J Transl 

Med. 2015;13: 75. doi:10.1186/s12967-015-0426-z 

10.  Haghighatdoost F, Sarrafzadegan N, Mohammadifard N, Asgary S, Boshtam M, 

Azadbakht L. Assessing body shape index as a risk predictor for cardiovascular 

diseases and metabolic syndrome among Iranian adults. Nutrition. 2014;30: 636–

644.  



 

27 

 

11.  Reaven GM. Role of Insulin Resistance in Human Disease. Diabetes. 1988;37: 

1595–1607. doi:10.2337/diab.37.12.1595 

 

12.  Kahn BB, Flier JS. Obesity and insulin resistance. J Clin Invest. 2000;106: 473–

481.  

13.  Grundy SM, Brewer HB, Cleeman JI, Smith SC, Lenfant C. Definition of metabolic 

syndrome. Circulation. 2004;109: 433–438. 

doi:10.1161/01.CIR.0000111245.75752.C6 

14.  Balkau B, Vernay M, Mhamdi L, Novak M, Arondel D, Vol S, et al. The incidence 

and persistence of the NCEP (National Cholesterol Education Program) metabolic 

syndrome. The French D.E.S.I.R. study. Diabetes Metab. 2003;29: 526–532. 

15.  International Diabetes Federation. Metabolic syndrome- driving the CVD epidemic 

[Internet]. Brussels: International Diabetes Federation; 2006 [cited 2016 May 29]. 

Available from: https://www.idf.org/webdata/docs/Diabetes_meta_syndrome.pdf  

16.  Aguilar M, Bhuket T, Torres S, Liu B, Wong RJ. Prevalence of the metabolic 

syndrome in the United States, 2003-2012. JAMA. 2015;313: 1973–1974. 

doi:10.1001/jama.2015.4260 

17.  Romero-Corral A, Somers VK, Sierra-Johnson J, Thomas RJ, Collazo-Clavell ML, 

Korinek J, et al. Accuracy of body mass index in diagnosing obesity in the adult 

general population. Int J Obes. 2008;32: 959–966. doi:10.1038/ijo.2008.11 

18.  Michels KB, Greenland S, Rosner BA. Does body mass index adequately capture 

the relation of body composition and body size to health outcomes? Am J 

Epidemiol. 1998;147: 167–172.  

19.  Prospective Studies Collaboration. Body-mass index and cause-specific mortality in 

900 000 adults: collaborative analyses of 57 prospective studies. The Lancet. 

2009;373: 1083–1096. 

20.  Allison DB, Zhu S, Plankey M, Faith MS, Heo M. Differential associations of body 

mass index and adiposity with all-cause mortality among men in the first and second 

National Health and Nutrition Examination Surveys (NHANES I and NHANES II) 

follow-up studies. Int J Obes Relat Metab Disord. 2002;26(3):410–416. 

21.  Gallagher D, Visser M, Sepúlveda D, Pierson RN, Harris T, Heymsfield SB. How 

useful is body mass index for comparison of body fatness across age, sex, and ethnic 

Groups? Am J Epidemiol. 1996;143: 228–239.  



 

28 

 

22.  Goh VHH, Tain CF, Tong TYY, Mok HPP, Wong MT. Are BMI and other 

anthropometric measures appropriate as indices for obesity? A study in an Asian 

population. J Lipid Res. 2004;45: 1892–1898. doi:10.1194/jlr.M400159-JLR200 

23.  WHO Expert Consultation. Appropriate body-mass index for Asian populations and 

its implications for policy and intervention strategies. The Lancet. 2004;363: 157–

163. doi:10.1016/S0140-6736(03)15268-3 

24.  Razak F, Anand SS, Shannon H, Vuksan V, Davis B, Jacobs R, et al. Defining 

obesity cut points in a multiethnic population. Circulation. 2007;115: 2111–2118. 

doi:10.1161/CIRCULATIONAHA.106.635011 

25.  Lear SA, Toma M, Birmingham CL, Frohlich JJ. Modification of the relationship 

between simple anthropometric indices and risk factors by ethnic background. 

Metab - Clin Exp. 2003;52: 1295–1301. doi:10.1016/S0026-0495(03)00196-3 

26.  Denke MA, Sempos CT, Grundy SM. Excess body weight. An under-recognized 

contributor to high blood cholesterol levels in white American men. Arch Intern 

Med. 1993;153: 1093–1103.  

27.  Denke MA, Sempos CT, Grundy SM. Excess body weight. An under-recognized 

contributor to dyslipidemia in white American women. Arch Intern Med. 1994;154: 

401–410.  

28.  Ärnlöv J, Sundström J, Ingelsson E, Lind L. Impact of BMI and the metabolic 

syndrome on the risk of diabetes in middle-aged men. Diabetes Care. 2011;34: 61–

65. doi:10.2337/dc10-0955 

29.  Després JP, Lemieux I, Bergeron J, Pibarot P, Mathieu P, Larose E, et al. 

Abdominal obesity and the metabolic syndrome: Contribution to Global 

Cardiometabolic Risk. Arterioscler Thromb Vasc Biol. 2008;28: 1039–1049. 

doi:10.1161/ATVBAHA.107.159228 

30.  Brochu M, Starling RD, Tchernof A, Matthews DE, Garcia-Rubi E, Poehlman ET. 

Visceral adipose tissue is an independent correlate of glucose disposal in older 

obese postmenopausal women. J Clin Endocrinol Metab. 2000;85: 2378–2384. 

doi:10.1210/jcem.85.7.6685 

31.  Mathieu P. Abdominal obesity and the metabolic syndrome: A surgeon’s 

perspective. Can J Cardiol. 2008;24: 19D–23D.  

32.  Brenner DR, Tepylo K, Eny KM, Cahill LE, El-Sohemy A. Comparison of body 

mass index and waist circumference as predictors of cardiometabolic health in a 

population of young Canadian adults. Diabetol Metab Syndr. 2010;2: 28. 

doi:10.1186/1758-5996-2-28 



 

29 

 

33.  Højgaard B, Gyrd-Hansen D, Olsen KR, Søgaard J, Sørensen TIA. Waist 

circumference and body mass index as predictors of health care costs. PLoS ONE. 

2008;3: e2619 doi:10.1371/journal.pone.0002619 

34.  Gierach M, Gierach J, Ewertowska M, Arndt A, Junik R, Gierach M, et al. 

Correlation between body mass index and waist circumference in patients with 

metabolic syndrome. ISRN Endocrinology. 2014;2014:6. doi:10.1155/2014/514589, 

10.1155/2014/514589 

35.  Mason C, Katzmarzyk PT. Effect of the site of measurement of waist circumference 

on the prevalence of the metabolic syndrome. Am J Cardiol. 2009;103: 1716–1720. 

doi:10.1016/j.amjcard.2009.02.018 

36.  Krakauer NY, Krakauer JC. Dynamic association of mortality hazard with body 

shape. PLoS ONE. 2014;9: e88793. doi:10.1371/journal.pone.0088793 

37.  He S, Chen X. Could the new body shape index predict the new onset of diabetes 

mellitus in the Chinese population?. PLoS ONE. 2013;8: e50573. 

doi:10.1371/journal.pone.0050573 

38.  Cheung YB. “A Body Shape Index” in middle-age and older Indonesian population: 

scaling exponents and association with incident hypertension. PLoS ONE. 2014;9: 

e85421. doi:10.1371/journal.pone.0085421 

39.  Fujita M, Sato Y, Nagashima K, Takahashi S, Hata A. Predictive power of a body 

shape index for development of diabetes, hypertension, and dyslipidemia in 

Japanese adults: a retrospective cohort study. PLoS ONE. 2015;10: e0128972. 

doi:10.1371/journal.pone.0128972 

40.  Centers for Disease Control and Prevention. About the National Health and 

Nutrition Examination Survey [Internet]. Atlanta, GA: National Center for Health 

Statistics; 2015 [cited 2016 March 22]. Available from:  

http://www.cdc.gov/nchs/nhanes/about_nhanes.htm 

 

 

 

 

 

 

 

 

 

 



 

30 

 

CHAPTER III 

 

JOURNAL ARTICLE 

Abstract 

 

Background and Objective: A newly calculated anthropometric measure “A Body 

Shape Index” (ABSI) was introduced as more reliable index of body composition than 

waist circumference (WC) and body mass index (BMI). ABSI was reported as a better 

predictor for all-cause mortality. However, associations between ABSI and Metabolic 

Syndrome (MetS) have not been studied in a large U.S population. The aim of this cross-

sectional study is to determine whether ABSI is a better predictor of the risk of MetS and 

its individual risk factors than BMI in a large and diverse sample of the U.S population 

using National Health and Nutrition Examination Survey (NHANES) 2007-2012 data. 

Methods: A U.S. population sample of 6,921 non-pregnant, non-lactating, fasted adults 

2012 was used in this study. The revised National -≥20 years) from NHANES 2007(

Cholesterol Education Program Adult Treatment Panel III definition was used to 

nd multiple logistic regressions were square test as well as simple a-diagnose MetS. Chi

conducted using SAS 9.2.    

Results: Although both ABSI and BMI were associated with risk for MetS, simple and 

multiple regression analysis (adjusted for age, gender, and ethnicity) showed that all of 

the odds-ratios (OR) for quartiles of BMI were higher than for quartiles of ABSI for 

quartile  thMetS and each individual MetS risk factor. Elevated BMI and ABSI (at the 4

MetS: OR = 26.6 (95% -quartile) increased the risk of MetS [BMI stcompared to the 1
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confidence interval (95%CI) =20.3-34.8); ABSI-MetS: OR=6.0 (95%CI=4.9-7.3). After 

adjustment for confounding variables, elevated BMI and ABSI increased the risk of MetS 

[BMI-MetS: OR = 31.2 (95%CI=23.2-41.9); ABSI-MetS: OR=3.7 (95%CI=2.9-4.5). 

Conclusions: BMI is a better predictor of MetS and every individual MetS risk factors in 

the general U.S adult population. 
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Introduction 

 

Metabolic Syndrome (MetS) is a group of inter-related metabolic abnormalities 

such as hyperglycemia, hypertension, lipid disorders and abdominal obesity [1]. Together 

these abnormalities raises the risk of developing cardiovascular disease and type 2 

diabetes [2]. The pathophysiology of MetS is still controversial; however, studies have 

found a strong direct association between MetS and obesity as well as with abdominal 

obesity [3].          

Currently, Body Mass Index (BMI) is the simplest, practical and most used 

assessment tool for obesity [4]. However, the use of BMI alone to assess for adiposity has 

limitations, especially among adults with BMI ≤30 kg/m2 [5]. BMI assesses total body 

weight for height without differentiating between the amount of fat and muscle mass. 

Most importantly, BMI does not account for the variation in fat distribution, particularly 

since abdominal fat deposition is thought to play an important role in the development of 

MetS [5]. For those reasons, the World Health Organization recommends measuring 

waist circumference (WC) along with BMI to better assess for abdominal obesity risk [4]. 

However, most studies have found a high correlation between WC and BMI to the extent 

that WC and BMI should not be considered as two independent risk factors in assessing 

chronic disease risk [6].    

  To overcome these limitations, Krakauer and Krakauer presented a new 

calculated index of body composition called “A Body Shape Index” (ABSI) [7]. The 

index is based on measuring abdominal obesity without being influenced by height and 
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weight: 𝐴𝐵𝑆𝐼 =    
𝑤𝑐 (𝑚)

𝐵𝑀𝐼
2
3 𝑋 𝐻𝑒𝑖𝑔ℎ𝑡 (𝑚)

1
3

  [7].  A high ABSI value has been positively 

correlated to a higher percentage of visceral fat, compared to peripheral fat [7]. Due to 

this characteristic, researchers have assessed the relationship between ABSI and different 

metabolic risk factors, however the results have been inconsistent. ABSI was found to be 

more strongly associated with blood pressure in Portuguese adolescents compared to 

BMI and WC [8].  It was also a better predictor of circulating insulin, low density 

lipoprotein cholesterol (LDL-Cholesterol) and non-high density lipoprotein cholesterol 

(Non-HDL-Cholesterol)  in a Polish population of sedentary men [9]. However, ABSI 

was found to be a weaker predictor for CVD risks and MetS among an Iranian population 

[10]. The variation in results could be due to different ethnic backgrounds, as well as 

different ABSI cut off points between populations.  

  While the literature on ABSI is increasing, there has not been a large study 

conducted on a diverse U.S. population. The aim of this cross-sectional study was to 

determine whether ABSI is a better predictor of the risk of MetS and its individual risk 

factors than BMI on a large and diverse sample of the U.S. population using the National 

Health and Nutrition Examination Survey (NHANES) 2007-2012. 

Methods and Materials 

NHANES 

 

NHANES is a series of cross- sectional surveys that uses a stratified, multistage 

probability cluster-sampling program to select its subjects [11] . It is run by the Centers 

for Disease Control and Prevention to evaluate the health and nutritional status of the 
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civilian, non-institutionalized U.S. population. NHANES releases datasets every two 

years with about 5,000 individuals examined each year. Mexican-Americans and African-

Americans, pregnant women, low-income Caucasians, older adults, children and 

adolescents were oversampled to produce more reliable and accurate statistics. The 

NHANES survey is unique because it included both home interviews and physical 

examinations. The household questionnaires include dietary-recall, medical history, 

health-related, socioeconomic, and demographic questions. The medical examinations 

includes anthropometric, physiological, and laboratory measurements, as well as dental, 

auditory, and retinal tests conducted by trained professionals [11]. The information 

collected from NHANES has been widely used to assess for disease risk and prevalence. 

Participants 

 

This study considered adults (≥20 years) with WC, height, and weight 

measurements, who provided a fasted blood sample, and excluded women who were 

breastfeeding and/or pregnant. Data were taken from three sets of NHANES cycle years 

between 2007-2012. The total sample size was 6921 subjects that included 3412 males 

and 3509 females. 

Metabolic Syndrome 

 

MetS was defined using the National Cholesterol Education Program Adult 

Treatment Panel III as having three or more of the following risk factors [1]: Serum level 

of triglycerides of 150 mg/dL or greater; HDL-Cholesterol level of less than 40 mg/dL in 

males or less than 50 mg/dL in females; WC greater than 102 cm in males or greater than 
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88 cm in females, fasting plasma glucose level of 100 mg/dL or greater or taking anti-

diabetic agents; blood pressure of 130/85 mm Hg or greater or the use of anti-

hypertensive agents.  

Anthropometric Measurements 

 

WC was measured horizontally with a steel tape to the nearest 0.1 cm after a 

normal exhalation at the iliac crest. Weight was measured with a digital scale. Height was 

measured using a vertical stadiometer with subjects standing erect, and distributing their 

weight equally on both heels. All measurements were conducted by trained personnel 

following NHANES protocols. BMI was calculated as 𝐵𝑀𝐼 =
𝑊𝑒𝑖𝑔ℎ𝑡 (𝐾𝑔)

𝐻𝑒𝑖𝑔ℎ𝑡 (𝑚2)
, and ABSI was 

calculated according to Krakauer and Krakauer's formula 𝐴𝐵𝑆𝐼 =    
𝑤𝑐 (𝑚)

𝐵𝑀𝐼
2
3 𝑋 𝐻𝑒𝑖𝑔ℎ𝑡 (𝑚)

1
3

 . 

Blood Tests and Blood Pressure 

 

  Serum triglyceride concentrations were measured using an enzymatic assay that 

involved the hydrolysis of the triglycerides, the phosphorylation and oxidation of 

glycerol, and the photometric analysis of the oxidation products. HDL-Cholesterol 

concentration was measured after other lipoproteins precipitate in a mixture of heparin–

manganese, the enzymatic oxidation of cholesterol and the photometric analysis of the 

oxidation products. Both serum triglyceride and HDL-Cholesterol were measured using 

Roche Modular P chemistry analyzer [12]. Plasma glucose levels were measured through 

the reaction of hexokinase and glucose-6-phosphate dehydrogenase with the NADPH 

photometrically analyzed. Details of the analytical methods used in the NHANES study 
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can be found on their webpage [11]. Only blood from fasted participants were included in 

this study. The average of three readings was used to determine blood pressure level. 

Statistical Analysis 

 

Statistical analysis software (SAS 9.2) was used for descriptive and inferential 

statistics. The general characteristics data are presented as the mean ± SD. The alpha (p) 

level was set at p < 0.05 for statistical significance tests. ORs using simple logistic and 

multiple regression analysis (PROC SURVEYLOGISTIC) were determined to establish 

how strong the relationship is between ABSI, and BMI with MetS and its individual risk 

factors. Subjects were divided into quartiles based on either BMI or ABSI for analysis of 

the ORs. The lowest quartile of BMI or ABSI was established as the reference group and 

the ORs for MetS or each of the individual MetS risk factors were calculated to 

determine the strength of association of BMI or ABSI on MetS or each of the individual 

MetS risk factors. Establishing the quartile cut points for BMI and ABSI were done using 

the entire adult population (both fasted and unfasted) to have a larger sample size that 

would provide better estimates of BMI and ABSI values for the U.S population.  

Results 

General characteristics of the participants are presented in Table 1. In this study, 

the mean age for both males and female was approximately 50 years with broad 

representation in all age categories. The mean BMI of the sample population reflected the 

current high prevalence of overweight and obesity in the U.S population. The mean 

fasting plasma glucose concentration fell within the pre-diabetic category. The mean WC 
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in women was above the cutoff point for abdominal obesity, while it was below the cutoff 

point in men. The mean systolic blood pressure fell in the pre-hypertensive range while 

the mean diastolic blood pressure fell within the normal range. In addition, the population 

had normal values for HDL-Cholesterol and triglycerides concentrations. The ABSI 

mean was 0.082+0.0047 m11/6/kg-2/3 for males and 0.081+0.0049 m11/6/kg-2/3 for females, 

which was similar to the study by Krakauer and Krakauer [7] that used NHANES data 

from 1999-2004 and reported a total population average ABSI of 0.0808+0.0053 

m11/6/kg-2/3.  

Table 1.Physical characteristics and Metabolic Syndrome risk factors of fasted, non-

pregnant, non-lactating adults from the National Health and Nutrition Examination 

Survey, 2007-2012. 

Characteristics Males 

(n=3412) 

Females 

(n=3509) 

Age (y) 49.8 + 17.6 50.3 + 17.5 

Standing height (cm) 174.5+7.7 160.8+7.3 

Weight (kg) 87.3+19.8 75.8+20.5 

Waist circumference (cm) 101.1+15.3 96.8+16.2 

Body Mass Index (Kg/m2) 28.9+5.8 29.3+7.4 

A Body Shape Index 

(m11/6/kg-2/3) 

0.082+0.0047 0.081+0.0049 

Systolic Blood Pressure 124.7+16.7 121.1+19.5 

Diastolic Blood Pressure 70.9+12.7 67.4+12.6 

HDL-Cholesterol (mg/dL)           48.5+14 57.9+15.7 

Triglyceride (mg/dL)                     142.6+120.2 122.8+94.6 

Fasting Glucose (mg/dL)                  111.8+35.5 106.1+33.8 

*Values expressed as means + SD using Proc Means in SAS 9.2. 

 

As shown in Table 2, the lower prevalence of MetS in the lowest quartile of BMI 

compared to ABSI and the higher prevalence in the highest quartile compared to ABSI 
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indicates the greater sensitivity of BMI over ABSI in predicting MetS. Similarly, this 

greater difference in prevalence for low HDL-Cholesterol between the lowest and highest 

quartile of BMI compared to ABSI also reflects the greater sensitivity of BMI over ABSI 

in predicting low HDL-Cholesterol. In contrast, the differences in prevalence for 

hyperglycemia, hypertension, and hypertriglyceridemia between the lowest and highest 

quartiles were similar for both BMI and ABSI. The much smaller differences in 

prevalence of abdominal obesity between the lowest and highest quartiles of ABSI can be 

attributed to the inclusion of WC in the calculation of ABSI. 

Table 3 reports the prevalence of MetS within BMI and ABSI quartiles stratified 

by ethnicity.  The difference in the prevalence of MetS in the lowest quartile and highest 

quartiles of BMI compared to ABSI indicates the greater sensitivity of BMI over ABSI in 

predicting MetS within all three ethnic subgroups (non-Hispanic whites, non-Hispanic 

blacks, and Mexican-American). The prevalence of MetS within the lowest ABSI quartile 

is approximately double that found in the lowest BMI quartile, which represents the less 

selective nature of ABSI in each ethnic subgroup. 

Table 4 shows the prevalence of MetS by BMI and ABSI quartiles stratified by 

gender. The prevalence of MetS in the lowest ABSI quartiles was approximately twice 

that in the lowest BMI quartiles for males, and 3.5 times greater for females. As with the 

overall U.S. population. Again, this shows that ABSI is a weaker predictor of MetS 

compared to BMI in either gender. 
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Table 2.Prevalence of Metabolic Syndrome and risk factors by BMI, and ABSI quartiles. 

BMI Qs (2) MetS MetGLU MetBP MetHDL MetTG MetWC 

First  7.5 ± 1.3 30.6 ± 1.3 23.7 ± 1.7 14.7 ± 1.4 11.5 ± 0.9 6.9 ± 0.9 

Second  23.9 ± 1.4 47.9 ± 1.8 35.1 ± 1.5 22.2 ± 1.6 25.2 ± 1.2 41.5 ± 1.8 

Third 46.3 ± 1.9 54.9 ± 1.9 44.8 ± 1.7 31.6 ± 1.6 32.9 ± 1.5 77.5 ± 1.3 

Fourth 68.5 ± 1.8 68.9 ± 1.6 55.1 ± 1.5 45.9 ± 1.5 39.3 ± 2.2 99.6 ± 0.2 

P-value (1) <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 

ABSI Qs (2) MetS MetGLU MetBP MetHDL MetTG MetWC 

First 18.6 ± 1.2 34.9 ± 1.6 22.4 ± 1.2 24.3 ± 1.4 15.9 ± 1.4 34.1 ± 1.5 

Second  33.4 ± 1.5 47.1 ± 1.7 35.4 ± 1.6 30.3 ± 1.3 27.5 ± 1.2 49.1 ± 1.7 

Third 37.9 ± 1.8 52.8 ± 1.8 40.4 ± 1.8 27.5 ± 1.6 28.5 ± 1.4 63.4 ± 1.6 

Fourth 57.5 ± 1.9 68.3 ± 1.9 60.6 ± 2.1 30.6  ± 1.7 37.2 ± 2.1 77.9 ± 1.3 

P-value (1) <.0001 <.0001 <.0001 0.0020 <.0001 <.0001 

(1)Chi-square test comparing prevalence across BMI or ABSI quartiles 

(2) Values of population’s BMI and ABSI quartiles. BMI: (1st Q=< 24.24, 2nd Q=≥ 24.24 

and < 27.98, 3rd Q=≥ 27.98 and < 32.35, 4th Q= ≥ 32.35) ABSI: (1st Q=< 0.0782705, 2nd 

Q=≥ 0.0782705 and < 0.0814802, 3rd Q=≥ 0.0814802 and < 0.0847535, 4th Q=≥ 

0.0847535) 
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Table 3.Prevalence of Metabolic Syndrome in different ethnicities according to BMI, and 

ABSI quartiles. 

BMI Quartiles  NH-Whites (%) NH-Blacks (%) Mexican-American (%) 

First 7.7 7.2 5.2 

Second  25.5 19.8 19.8 

Third 48.8 33.2 42.12 

Fourth 71.3 59.7 65.8 

P-value (1) <.0001 <.0001 <.0001 

ABSI Quartiles NH-Whites (%) NH-Blacks (%) Mexican-American (%) 

First 18.4 18.9 21.6 

Second  34 36.8  31.2 

Third 36.3 48.9  43.8 

Fourth 57  61.9  55.5 

P-value (1) <.0001 <.0001 <.0001 

(1)Chi-square test comparing prevalence of MetS across quartiles of BMI or ABSI 
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Table 4.Prevalence of Metabolic Syndrome in different genders according to BMI and 

ABSI quartiles. 

BMI 

Quartiles  
Males (%)  Females (%) ABSI 

Quartiles 
Males (%) Females (%) 

First  7.2 6.4 First 13.1 21.6 

Second  20.9 17.9 Second  32.1 33.9 

Third 43.7 28.3 Third 37.7 37.3 

Fourth 72.9 47.3 Fourth 56.9 57.4 

P-value (1) <.0001 <.0001 P-value (1) <.0001 <.0001 

(1)Chi-square test comparing prevalence of MetS across quartiles of BMI or ABSI. 

Data in table 5 reports the results of the ORs for MetS using simple logistic 

regression analysis with the lowest quartiles of BMI or ABSI as the reference group.  All 

of the ORs for corresponding quartiles of BMI were higher than for quartiles of ABSI.   

Table 5.Simple Logistic regression Analysis by BMI and ABSI Quartiles. 

Quartile     Odds Ratio (95%CI)  

      BMI  ABSI 

1 (Lowest, reference)         1   1 

2 3.9(3.1-4.9) 2.2(1.9-2.7) 

3 10.7(8.4-13.7) 2.7(2.2-3.4) 

4 26.6(20.3-34.8) 6(4.9-7.3) 

 

Results of a multiple logistic regression analysis that adjusted for gender, age 

group, and ethnicity is shown in Table 6. These results show that compared with the first 

(lowest quartile) of BMI, the adjusted ORs for MetS in the second, third, and fourth BMI 

quartiles were 3.6, 10.9, and 31.2 times greater, respectively than the reference group 

(first quartile) (p<0.05).  In contrast, the adjusted ORs for MetS in the second, third, and 

fourth ABSI quartiles were only 2.0, 2.1, and 3.7 times greater, respectively (p<0.05). 

The substantially lower adjusted ORs for ABSI than those for BMI indicate that BMI is 
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more predictive of risk for MetS than ABSI. Similarly, for the rest of the MetS risk 

factors (hyperglycemia, hypertriglyceridemia, hypertension, and low HDL-cholesterol), 

the adjusted ORs for ABSI were below those for BMI. Not surprisingly, the adjusted ORs 

for abdominal obesity were far greater with quartiles of BMI than for ABSI because of 

the high correlation between BMI and WC as well as the inclusion of WC in the 

calculation of ABSI. These results indicate that BMI is more predictive of each MetS risk 

factor than ABSI. 

 

Table 6. Multiple logistic regression analysis of Metabolic Syndrome and risk factors by 

BMI and ABSI Quartiles. 

 

 

 

Quartile  

  

Odds Ratio 

(95%CI) 

 

 

   

BMI MetS MetGLU MetBP MetHDL MetTG MetWC 

1 1 1 1 1 1 1 

2 3.6(2.9-4.5) 1.8(1.4-2.2) 1.4(1.2-1.8) 1.8(1.4-2.3) 2.3(1.9-

2.9) 

22.5(16.4-30.7) 

3 10.9(8.4-

14.11) 

2.3(1.9-2.9) 2.3(1.8-2.9) 3(2.3-4) 3.4(2.7-

4.2) 

262.4(179.9-

382.9) 

4 31.2(23.2-

41.9) 

5.1(4-6.5) 4.1(3.1-5.4) 1.8(1.4-2.3) 4.9(3.8-

6.2) 

>999.9(>999.9-

>999.9) 

ABSI       

1 1 1 1 1 1 1 

2 2(1.6-2.3) 1.3(1.1-1.6) 1.6(1.3-1.9) 1.5(1.2-1.8) 1.74(1.4-

2.2) 

2.2(1.8-2.7) 

3 2.1(1.6-2.6) 1.4(1.1-1.7) 1.4(1.1-1.7) 1.4(1.1-1.7) 

 

1.8(1.4-

2.3) 

4.1(3.4-5.052) 

4 3.7(2.9-4.5) 2(1.7-2.5) 2(1.7-2.4) 1.9(1.5-2.3) 2.5(1.9-

3.3) 

8.5(6.6-10.9) 
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Discussion 

This NHANES 2007-2012 cross-sectional study of 6,921 adults revealed that 

BMI could predict the risk of MetS and its individual risk factors better than ABSI in a 

U.S diverse population. The multiple logistic regression analysis demonstrated that the 

ORs for ABSI were below those for BMI after adjustment for gender, age, and ethnicity. 

Although all ABSI quartiles were significantly associated with prevalence of each MetS 

risk factor, it was not a better predictor than BMI.  

To the best of our knowledge, this is the first study of a nationally representative 

sample of subjects in the U.S. to compare the relationship between ABSI, and BMI with 

risk for MetS and its individual risk factors. The only other study that studied MetS was 

conducted on a large adult Iranian population which also concluded that ABSI was a 

weaker predictor of MetS risk compared to BMI [10]. Most of the previous studies also 

supported the superiority of BMI over ABSI in predicting comorbidities. ABSI was 

weaker than BMI as a predictor of diabetes in a Chinese population [13] and hypertension 

in an Indonesian population [14]. ABSI was also the weaker predictor of diabetes, 

hypertension, and dyslipidemia in an adult Japanese population [15]. In contrast, there are 

studies that support the superiority of ABSI over BMI. ABSI was found to be better 

correlated to changes in circulating total cholesterol and insulin than BMI, yet BMI was 

better correlated only with circulating TGs in a study of young Polish sedentary men [9]. 

However, this study was limited with a small number of participants, with the same 

gender, ethnicity, and social status and whose mean BMI fell within the normal weight 

classification.  In addition, waist circumference was measured at the center between the 

lower edge of the ribs and the iliac crest [9]. In contrast, this study and the original 
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Krakauer study [7] used the NHANES database where waist circumference was 

measured just above the uppermost lateral border of the ilium. Thus, the difference in 

measurement site may have contributed to the differences in the results of these studies.  

A study conducted on Portuguese adolescents aged 10–17 years found ABSI, 

BMI and WC to be significant predictors of BP. However, ABSI was a better predictor 

for both systolic and diastolic blood pressure [8]. However, these results are exclusive to 

adolescents and therefore may not be comparable with adults. It is also worth noting that 

74.2% of the Portuguese population were classified as normal weight and that blood 

pressure was only measured once for each participant (in contrast to the three 

measurements typically recorded in NHANES) which could potentially provide a less 

accurate assessment of blood pressure. WC was also measured at the level of the 

umbilicus [8]. Different WC measurements makes it difficult to compare ABSI results 

between study populations.  

In contrast to many of the studies cited here [8–10,13–15], our study included a 

very diverse population. NHANES oversamples and selectively chooses participants of 

different ethnicities, age groups, and socio-economic statuses to provide more reliable 

data that could be compared in different subpopulations. This study also offers high 

quality data that includes both home-interviews and physical examinations collected by 

trained personnel, also providing the most accurate assessment of certain risks factors and 

diseases [11].  

In Krakauer et al. [7] study introducing ABSI, they reported a stronger relationship 

between ABSI and mortality than with BMI. In fact, they reported that 22% of the 
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mortality rate was due to high ABSI values, compared to only 15% that was attributed to 

a high BMI value [7]. This finding is in contrast to our study which demonstrated the 

stronger association between increasing BMI and risk for MetS than for ABSI.  These 

different findings may be the result of using different outcomes: mortality versus MetS. 

There is a J-shaped or a U-shaped relationship between BMI and mortality [16]; however 

the association between BMI and different metabolic risk factors found in our studies and 

others were linear [17]. These contrasting results are consistent with the “obesity 

paradox” where overweight and obese subjects with established heart disease have a 

lower mortality risk than normal-weight subjects. Perhaps BMI can be a stronger 

predictor of cardio-metabolic risk while ABSI can be more strongly associated with 

mortality from coronary heart disease.  

Conclusion 

ABSI in this U.S. population was a weaker predictor of MetS and its individual 

risk factors than BMI. Simple logistic and multiple regression analysis (adjusted for age, 

gender, and ethnicity) showed that all of the odds-ratios for ABSI were all far below 

those for BMI for MetS, and its risk factors.  
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