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ABSTRACT  

THE WAIST TO HEIGHT RATIO IS A BETTER ANTHROPOMETRIC INDEX OF 

ABDOMINAL OBESITY AND ITS ASSOCIATION WITH THE PREVALENCE OF 

DIABETES AMONG ASIAN AMERICANS 

by  

Yu Xiao  

July 2016 

There is limited information about diabetes prevalence among Asian Americans. 

Diabetes risk factors include abdominal obesity (AO), which can be assessed by 

measuring waist circumference (WC) or waist-to-height-ratio (WHtR). The purpose of 

this study was to compare the prevalence of diabetes among Asians with non-Asians in 

the United States and compare WC and WHtR as predictors of diabetes. Data from the 

National Health and Nutrition Examination Survey (NHANES) 2011-14 was analyzed 

using SAS 9.2. There were 8,615 adult non-pregnant non-Asians and 1,224 Asians 

included in this study. Despite a lower prevalence of obesity among Asians compared to 

non-Asians (12% vs 38%, p<.001), Asians had a higher age-adjusted prevalence of 

diabetes (16% vs 11%, p<.001), particularly among normal (10% vs 3%) and overweight 

Asians (20% vs 8%). The prevalence of AO assessed using WC was greater in non-

Asians than Asians overall (58% vs 25%, p<.001) and among those with a normal weight 

(11% vs 5%, p<.001).  In contrast, the AO prevalence assessed using WHtR produced 

higher rates in both non-Asians and Asians overall (79% vs 65%, p<.001), but a higher 

prevalence in Asians than non-Asians with normal BMI (51% vs 44%, p<.001). Among 
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normal weight Asians, AO assessed using WC accounted for just 12% of those with 

diabetes whereas using WHtR accounted for 93% of those with diabetes. Similarly, 

among non-Asians, AO assessed with WC accounted for 34% of normal weight diabetics 

while WHtR accounted for 73% of diabetics. This study is the first to confirm the greater 

prevalence of diabetes with laboratory measurements among US Asians in a nationally 

representative survey. The results of this study show that AO when assessed with WHtR 

but not WC explains the greater prevalence of diabetes among Asians, particularly in 

those with a normal BMI. 
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CHAPTER I 

LITERATURE REVIEW 

Introduction 

  Over the last few decades, the population of Asian American have tripled from 

1.4% to 5.4% between 1980-2014 (1,2). According to the United States Census Bureau, 

the Asian American population is estimated to reach 9.3% by 2060 (1). This ethnic group 

is comprised of Chinese, Filipino, Asian Indian, Vietnamese, Korean, Japanese, and 

others of Asian descent (3). Based on a recent report from the American Immigration 

Council, two-thirds of U.S. Asians are foreign born; therefore, international migration 

could be the driving force behind the increase among this ethnic group (4). Although the 

Asian population has been increasing rapidly in the U.S., there is limited research focused 

on the trends of major health issues among Asian Americans when compared to other 

ethnic groups.   

 The World Health Organization (WHO) stated that the prevalence of diabetes has 

doubled worldwide in the last decade (5). A few studies reported that Asian Americans 

have a higher risk of diabetes at lower body mass index (BMI) levels when compared to 

Caucasian counterparts (6,7). Obesity is the major contributor of the diabetes epidemic in 

the U.S. and internationally (5). Even though the prevalence of obesity is generally low in 

Asian populations, the rates of obesity and overweight have been increasing among Asian 

Americans, especially in younger generations who were born in the U.S. (8). BMI is a 

commonly used indicator for weight status, but it cannot reflect the lean body mass and 

may incorrectly estimate the weight category among athletes and seniors. Additionally, 
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WHO has been debating whether BMI cutoff points should be lower for Asian 

populations (9). Studies showed that diabetes and cardiovascular diseases are highly 

associated with abdominal obesity, which is a specific form of obesity (10,11).  

 Abdominal obesity is also called central obesity and identified as unhealthy apple 

shape. Asians tend to have larger amounts of intra-abdominal and visceral fat than 

Caucasians within similar BMI levels (12,13). Abdominal obesity is usually assessed by 

the waist circumference (WC) or waist-to-hip ratio (WHT); however, both measurements 

have disadvantages. For example, WC cannot accurately distinguish subcutaneous fat and 

visceral fat, while WHT may overestimate the amounts of visceral fat. Additionally, none 

of these measurements consider the differences between individuals’ heights. 

Differences, such as body height or fat distribution, can influence the assessment for 

obesity and abdominal obesity among different ethnic groups. Waist-to-height ratio 

(WHtR), another measurement for assessing abdominal obesity, may be a better 

anthropometric index for detecting central obesity, because height is considered along 

with WC. 

 The purpose of this study was to compare the prevalence of diabetes among Asian 

Americans and Non-Asians as well as to evaluate whether WHtR is a better predictor of 

diabetes than WC among Asian Americans by using the National Health and Nutrition 

Examination Survey (NHANES) datasets from 2011-2014. The hypotheses of this study 

were:  

1. The prevalence of diabetes is higher among Asian Americans when compared to 

Non-Asians. 
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2. WHtR cannot only assess abdominal obesity accurately but better screen and 

detect for diabetes. 

Diabetes 

Definition and Diagnosis 

Diabetes mellitus is a complex metabolic disease that is characterized by a high 

fasted blood glucose level or dysglycemia. The body usually breaks down the 

carbohydrate in food into glucose after eating, and then the glucose will enter into the 

blood cells for energy use with the help of a hormone called insulin. However, if 

someone has diabetes, his or her body will either produce insufficient insulin or does not 

produce insulin at all. Therefore, the glucose level will accumulate in the blood stream 

and lead to an elevated blood glucose level. The risk factors that are highly associated 

with diabetes are race/ethnicity, age, family history, and other health conditions, such as 

abdominal obesity and hypertension (14). People with uncontrolled diabetes could 

develop some serious complications over time, including kidney failure, amputations, and 

heart disease.  

There are different types of diabetes; however, the two major classifications 

defined by the American Diabetes Association (ADA) are type 1 and type 2 (14). Type 1 

diabetes, which is developed genetically and irreversible, accounts for about 5% of total 

diagnosed diabetic cases in the U.S. (14,15). Patients with type 1 diabetes usually need 

insulin injections or an insulin pump because their body does not produce any insulin 

(15). The most prevalent cases of diabetes are type 2, which can be caused by different 

risk factors, such as low physical activity level and unhealthy eating pattern. If the 
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patients do not control their blood glucose levels by changing their lifestyles, they will 

gradually develop insulin resistance or insufficient insulin production (14). Some 

common signs and symptoms of type 2 diabetes include unintentional weight loss/gain, 

fatigue, and excessive hungry. There are several laboratory tests for diagnosing diabetes 

(14):  

1. Hemoglobin A1c test: hemoglobin A1c (HbA1c) level equal to or above 6.5% 

over the past 3 months 

2. Fasting plasma glucose test: fasting glucose level equal to or above 126mg/dl 

3. Oral glucose tolerance test: the 2-hour glucose level equal to or above 200mg/dl 

In this study, diabetes was classified if the subject’s HbA1c level was above 6.5% 

or if he/she reported to be using insulin or oral hypoglycemic medications. The reason 

this study did not include fasting blood glucose level as the diagnostic criteria was due to 

the far smaller number of subjects with their blood values. When the NHANES program 

started collecting laboratory data, participants were asked to choose either the morning or 

afternoon sessions. The participants who came to the morning session would be required 

to fast, but only about 30% of them provided their fasting blood glucose level. 

Additionally, HbA1c is a primary laboratory test for diabetes. The World Health 

Organization International Expert Committee recommends the HbA1c test, especially for 

diagnosing type 2 diabetes, because it can reflect the average glucose level over the past 3 

months and maybe more sensitive in detecting those with undiagnosed diabetes or 

prediabetes (16). The diabetes related questionnaires from NHANES program includes 

the following questions (17): 
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1. Have you ever been told by a doctor or health professional that you have 

diabetes or sugar diabetes? 

2. Are you now taking diabetic pills to lower your blood sugar? Those are 

sometimes called oral or oral hypoglycemic agents. 

There are other types of diabetes, such as gestational diabetes and impaired 

glucose tolerance (IGT). Gestational diabetes is usually diagnosed during the second or 

third trimester of pregnancy, while patients with IGT are referred to as having prediabetes 

(14,15). Prediabetes is a condition when someone has an abnormal blood glucose level 

that is above the normal value and near to the borderline of diabetes (15). Diabetes can be 

prevented and managed with healthy dietary eating patterns, physical activity, and oral 

hypoglycemic medications. According to WHO, diabetes is highly associated with 

increased WC and BMI (14).    

Prevalence 

The prevalence of diabetes has dramatically increased worldwide over the last 

decade. The National Diabetes Statistics report showed that the prevalence rates of 

diabetes and prediabetes increased about 5% among U.S. adults, and it was significantly 

higher among the younger age group whose BMI was normal in 2014 (15). The report 

also concluded that 9.3% of the total U.S. population has diabetes, and almost 30% 

diabetic patients are undiagnosed (15). Using National Health Interview Survey (NHIS) 

data from 1997-2008, Lee et al. reported on the prevalence of type 2 diabetes among 

Asian Americans (7). As pointed out in that article, although Asian Americans had a 

lower mean BMI, they were 40% more likely to have diabetes when compared with 

Caucasians (7). According to a regional study from the New York City area, Asian 
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Americans had the highest prevalence of prediabetes than non-Hispanic Whites, non-

Hispanic Blacks, and Mexican Americans (18). Additionally, a study of Japanese 

immigrants stated that even though Japanese Americans had a lower prevalence of 

obesity, the rate of diabetes doubled when compared to their Caucasian counterparts (19).  

Fujimoto et al. pointed out that the second generation of Japanese Americans who 

were diagnosed with diabetes tend to have higher amount of intra-abdominal fat (19). 

Body size and body composition could be the explanations for the higher prevalence of 

diabetes among U.S. Asians. Furthermore, acculturation factors of immigrants, such as 

dietary changes could influence one’s weight status, cholesterol level, or blood glucose 

level (19). These results sparked an interest in uncovering the factors and predictors that 

may be highly associated with the increasing diabetes rate among Asian Americans. 

Obesity  

Prevalence and Definition 

According to the WHO, the prevalence of obesity has almost doubled 

internationally over the last decade (20). Obesity has become a major health issue in the 

U.S. since the early 1960s (21). In 2010, about 36% of U.S. adults were obese, while 

almost 6% were extremely obese (21). Although the prevalence of obesity stayed stable 

in recent years, a significant increase were seen in U.S. men, non-Hispanic Black women, 

and Mexican American women (21,22). The National Institute of Diabetes and Digestive 

and Kidney Diseases stated that non-Hispanic Blacks had the highest obesity rate 

(49.5%), while approximately 39% of Mexican Americans were considered to be obese 

in 2009-2010 (22). The obesity prevalence was found to be lower among Asian 
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Americans when compared to other ethnic groups (23). Studies showed the U.S. born 

Asians tend to have a higher body weight and BMI than foreign-born Asians (23,24). 

Lauderdale and Rathouz reported that U.S. born women have more than 3 times the risk 

of being obese than foreign born women (24). There are many risk factors associated 

with obesity, such as the behavioral factors of sedentary lifestyle and unhealthy eating 

patterns.   

The Physical Activity Guidelines for Americans (PAG) recommended that adults 

should maintain at least 150 minutes of moderate-intensity aerobic physical activity every 

week, while children and adolescents age 6-17 years old should exercise at least an hour 

each day (25). Although people know physical activity can help control body weight and 

improve the overall health, only 21% of U.S. adults meet the PAG recommendations 

(26). Additionally, the report from the HealthyPeople 2020 showed that Asian Americans 

and Mexican Americans were less likely to meet the PAG recommendations (17.5% vs 

15.1 %, respectively) when compared to other ethnic groups (non-Hispanic Whites, 

Blacks) (27). According to the 2015-2020 Dietary Guidelines for Americans, a healthy 

eating pattern should include a variety of fruits and vegetables, whole grains, low-fat 

dairy, proteins, and oils (28). However, many people are following an unhealthy eating 

pattern, which includes high amounts of saturated fat, added sugar, and refined grains. 

The National Center for Health Statistics showed about 11% of U.S. adults consume 

nearly 12% of their total daily calories from fast food (29). Some other factors that can 

influence obesity rate are race/ethnicity, metabolic stress, and acculturation.  

Acculturation means the cultural adjustments or changes among a group of 

people, particularly for immigrants. The length of residence in the U.S. is an important 
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acculturation factor. In addition, dietary changes could be another explanation for the 

increased obesity rate among Asian Americans. The study conducted by the California 

Health Interview Survey 2003 reported that the longer the residency in the U.S., the 

higher the prevalence of weight gain among Asian Americans (30). Cho et al. suggested 

that lifestyle and dietary changes among Korean Americans were highly associated with 

the prevalence of obesity (30). The Seattle Japanese Americans Community Diabetes 

research also reported that the dietary pattern among Japanese Americans were similar to 

a Western diet, especially in the second and third generations. Fujimoto et al. also stated 

that the dietary changes could be the major factor that contributed to the increased rates 

of obesity and diabetes among Japanese American population (19).  

The healthcare team, which includes physicians, dietitians, and public health 

practitioners, play a key role in evaluating weight status as well as providing therapies for 

obese or overweight patients. Assessing weight status is the first step for weight 

management. BMI is a common and inexpensive assessment for measuring overweight 

and obese subjects. It estimates the overall percentage of body fat based on height and 

weight. The standard BMI cutoff points defined by the Center for Disease Control and 

Prevention (CDC) and WHO are as follows (31,32):  

1. Underweight: BMI < 18.5 

2. Normal weight: BMI between 18.5-24.9 

3. Overweight: BMI between 25-29.9 

4. Obese: BMI > 30 
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BMI between 30-34.9, 35-39.5, or over 40 are also classified as obesity Class I, II, 

and III, respectively (32–34). The American Heart Association suggested that if ones 

BMI were over 40, he or she would be considered extremely or morbidly obese (34).  

Although BMI is the most common method for determining total body fat mass, it 

has many disadvantages. For example, it does not reflect the percentage of lean body 

mass, and it may also under or overestimate body fat among athletes, seniors, or different 

ethnic groups. Studies have debated whether Asians should use different BMI cutoff 

points (33,36). In 2014, the American Diabetes Association (ADA) released a position 

statement on new BMI cutoff points for detecting diabetes among Asian Americans. 

They recommended that Asian Americans should screen for diabetes when their BMIs 

reach 23 or higher (36). BMI does not account for the distribution of fat; therefore, BMI 

cannot predict abdominal obesity, which is highly associated with diabetes and other 

metabolic diseases (9). Although obesity is a primary risk factor of metabolic related 

chronic diseases, studies showed that abdominal obesity has highly predictive properties 

for screening diabetes (10). 

Abdominal Obesity 

Prevalence and Definition 

  Abdominal obesity, also called central obesity, is characterized by the apple body 

shape. The overweight or obese individuals who have high waist circumferences are 

closely associated with developing diabetes, cardiovascular diseases, and hypertension 

(10). The study by using NHANES 1988-2004 datasets shows that more than 50% of 

U.S. adults had abdominal obesity (37). Another recent NHANES study stated that even 
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though the overall obesity rate has been stable over the past few years, the prevalence of 

abdominal obesity increased significantly, especially among U.S. women (58%-65%) 

(38). The prevalence of abdominal obesity has increased worldwide. In England, the rate 

of abdominal obesity doubled among women between 1993-2008 (39). During a similar 

time frame in China, a study reported that the prevalence of abdominal obesity increased 

from 11% to 21% among normal weight Chinese people (40). Du et al. concluded that 

65% of normal weight Chinese people would not be diagnosed with abdominal obesity if 

they were only screened with BMI (40). Another U.S. study suggested that the elevated 

prevalence of metabolic risks among Asian Americans was due to greater amounts of 

abdominal and visceral fat in this population (13). 

Assessments 

 There are many different measurements to assess abdominal obesity and the most 

commonly used method is to measure WC. Studies showed that WC is one of the 

indicators of metabolic syndrome and is also highly associated with abdominal obesity 

(41). The International Day for the Evaluation of Abdominal Obesity (IDEA) study, a 

global cross-sectional survey program, stated that when WC increased, the rate of 

abdominal obesity increased 3-fold in men and almost 6-fold in women (42). However, 

the optimal value of WC to predict abdominal obesity has been debated. According to 

International Diabetes Federation 2005 (IDF), abdominal obesity can be defined as a WC 

over 80 centimeters in women or 94 centimeters in men; additionally, they recommend 

the establishment of different cutoff points for different ethnic groups (43). For instance, 

the specific ethnic WC values among Chinese, Japanese, and South Asians are 90 

centimeters in men and 80 centimeters in women. However, the current cutoff points that 
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are used in the U.S. are over 88 centimeters in women and 102 centimeters in men (44). 

Therefore, the different values of WC cutoff points could be a problem for assessing 

abdominal obesity in different ethnicities. Additionally, another study has discussed that 

WC may not be able to indicate an accurate percentage of intra-abdominal fat, and WC 

cannot distinguish abdominal subcutaneous fat or total body fat (45).   

 WC is just one of the possible indicators of abdominal obesity. A more recent 

method for assessing abdominal obesity is the sagittal abdominal diameter (SAD). This 

assessment is not only able to estimate the regional body fat distribution, but it is also 

cheaper than computerized topography (CT) and magnetic resonance imaging (MRI). 

Studies showed a significant association between SAD and intra-abdominal adipose 

tissue. SAD may have similar effectiveness as CT, waist-to-hip ratio (WHT), and WC in 

males and females (46). Peterson et al. stated that SAD is a better anthropometric marker 

for evaluating insulin resistance and level of serum C-reactive protein among Middle East 

and native Swedish immigrants (47). However, these studies only included a small 

sample size and also excluded other ethnic groups. Therefore, more research into the 

effectiveness of SAD’s determination of abdominal obesity is required.  

  WHT is another commonly used anthropometric measurement of abdominal 

obesity. WHT, which was first proposed in the 1990s, is calculated by using WC divided 

by the hip circumference (48). If WHT is at or above 0.9 in men and at or above 0.85 in 

women, he or she can be considered abdominally obese (48). One meta-analysis study, 

which included over 258,000 participants pooled from 15 prospective studies, showed 

that there was a positive link between cardiovascular diseases and elevated WHT values 

(48). In 2007, a study reported WC and WHT had similar effectiveness for detecting 
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diabetes (49). However, Seidell et al. pointed out that WHT negatively correlated with 

metabolic syndrome risk factors and could not predict the body fat distribution after 

adjusting for BMI, age, and gender (50). Therefore, WHT and WC may have limited 

impact on screening for abdominal obesity among specific ethnic groups, such as Asians, 

because the height differences among individuals were not considered. 

Waist-to-Height Ratio 

  Waist-to-height ratio (WHtR) is a simple and practical anthropometric 

assessment that may allow the same threshold for different ethnic groups. It can be 

calculated by using the waist circumference divided by the body height. In 1995, WHtR 

was first proposed to the scientific community, and it became an early warning indicator 

of abdominal obesity-related risks among males and females (51).  Some meta-analyses 

suggested that WHtR is better at predicting diabetes, hypertension, and dyslipidemia 

when compared to BMI, WC, and WHT (52,53). In order to avoid over-complication 

involving different boundary values, Browning et al. stated that 0.5 could be a better 

global threshold for detecting abdominal obesity; however, the value may decrease 

among children and adolescents due to height differences (54). WHtR of 0.5 sends a 

simple message that adults need to keep their WC at less than half of their height (54). 

One systematic review article concluded that WHtR is not an appropriate predictor of 

diabetes for non-Caucasian populations, which might have been due to differing methods 

within the study (55). However, another recent article pointed out that WHtR was 

superior over all other anthropometric assessments in several ethnic groups for predicting 

cardio-metabolic risk factors (56).  
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Although the average body size among Asians is usually smaller, with lower BMI 

and WC than many other ethnic groups, the prevalence of chronic diseases in this 

population has doubled over the last decade (6). In a Japanese study, WHtR was 

positively correlated with coronary risk factors with age adjustment among both men and 

women (57).  Hsieh et al. stated that 98% of men and women were identified as 

abdominally obese by using the WHtR threshold of 0.5, while only 45% of Japanese men 

were considered abdominally obese when using WC with the WHO boundary values 

(57). Another Asian Indian study showed that both sexes had substantially lower BMI, 

WC, WHT, and body surface area relative to U.S. populations; however, the mean WHtR 

was significantly higher (58). Height is one of the most important characteristics and 

possible influences on one’s body composition or fat distribution. With the same WC, a 

shorter person could possibly contain higher amounts of intra-abdominal fat than a taller 

person. Therefore, it may be necessary to use the ratio between body weight and height 

for evaluating one’s abdominal obesity status.   

Due to the importance of an individual’s height, WHtR may also be an effective 

indicator of obesity and health risks among children and adolescents. When using WHtR 

to evaluate abdominal obesity prevalence, there was a significant increase among U.S. 

children and adolescents between 1988-1994 and 1999-2004 (59). A recent Chinese study 

showed that high blood pressure is directly associated with increased WHtR in children 

and adolescents (60). Another Mexican adolescents study also demonstrated that WHtR 

is a better predictive and screening tool than WC or BMI, because 69% of obese 

adolescents were diagnosed with high risk metabolic syndrome (61). 
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The National Health and Nutrition Examination Survey 

The NHANES program is a nationally representative survey that aims to assess 

the health and nutritional status among children, adults, and seniors living in the United 

States. The program began in the early 1960s, with data being continuously collected 

beginning in 1999.  The ongoing NHANES survey releases datasets every two years.  

Approximately 5,000 subjects are surveyed each year with Mexican Americans, African 

Americans, and seniors being oversampled since 1999 (62). Sample weights of all of the 

subjects are calculated thus allowing for accurate representation of the entire U.S. 

population (62). Recognizing that the Non-Hispanic Asian population has been 

increasing dramatically in the U.S., NHANES oversampled and separately identified this 

group for the first time as an individual ethnic group in the 2011-2014 cycles.  

The NHANES survey includes home interviews and physical examinations at the 

mobile examination center (MEC).  The MEC consists of three sets of four laboratory-

equipped trailers which travel to 15 locations throughout the country each year (62). The 

home interviews include a questionnaire that gathers demographic, socioeconomic, 

dietary, and health related information.  The physical examinations include body 

measurements, dietary intake, and laboratory tests (62). By collecting these 

measurements of data, the NHANES program can estimate the prevalence of chronic 

diseases among the U.S. population. 
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Chapter II 

THE WAIST TO HEIGHT RATIO IS A BETTER ANTHROPOMETRIC INDEX OF 

ABDOMINAL OBESITY AND ITS ASSOCIATION WITH THE PREVALENCE OF 

DIABETES AMONG ASIAN AMERICANS 
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Abstract 

Background 

There is limited information about diabetes prevalence among Asian Americans. 

Risk factors for diabetes include abdominal obesity and can be assessed by measuring 

waist circumference (WC) or waist-to-height-ratio (WHtR). The purpose of this study 

was to compare the prevalence of diabetes among Asians with non-Asians in the U.S. and 

compare WC and WHtR as predictors of diabetes. 

Methods 

Data from the National Health and Nutrition Examination Survey (NHANES) 

2011-14 was analyzed using SAS 9.2. There were 8,615 adult non-pregnant non-Asians 

and 1,224 Asians included in this study. The prevalence of diabetes was established using 

a hemoglobin A1c concentration of > 6.5% or use of insulin or hypoglycemic medication. 

Results 

Despite a lower prevalence of obesity among Asians compared to non-Asians 

(12% vs 38%, p < .001), Asians had a higher age-adjusted prevalence of diabetes (16% vs 

11%, p < .001), particularly among normal (10% vs 3%) and overweight Asians (20% vs 

8%). The prevalence of abdominal obesity assessed using WC was greater in non-Asians 

than Asians overall (58% vs 25%, p < .001) and among those with a normal body mass 

index (11% vs 5%, p < .001).  In contrast, the abdominal obesity prevalence assessed 

using WHtR produced higher rates in both non-Asians and Asians overall (79% vs 65%, 

p < .001), but a higher prevalence in Asians than non-Asians with normal BMI (51% vs 

44%, p < .001). Among Asians with a normal body mass index, abdominal obesity 
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assessed using WC accounted for just 12% of those with diabetes whereas using WHtR 

accounted for 93% of those with diabetes. Similarly, among non-Asians, abdominal 

obesity assessed with WC accounted for 34% of normal weight diabetics while WHtR 

accounted for 73% of diabetics. 

Conclusion  

This study is the first to confirm the greater prevalence of diabetes with laboratory 

measurements among US Asians in a nationally representative survey.  In addition, the 

results of this study show that abdominal obesity when assessed with WHtR but not WC 

explains the greater prevalence of DM among Asians, particularly in those with a normal 

BMI. 

Introduction  

Over the last few decades, the population of Asian Americans has grown rapidly 

in the United States. According to U.S. Census Bureau, the population of this ethnic 

group is projected to reach 34.4 million and increase from 5.1% to 8.2% of total U.S. 

population by 2060 (1,2). Studies have shown that Asian Americans have a higher chance 

to develop diabetes than Caucasians despite a lower prevalence of obesity and a genetic 

differences in body composition could be the possible reason (3). Asians have been 

reported to be usually shorter and have a larger waist circumference when compared to 

Caucasians at a similar body mass index (BMI) (4). The National Center for Health 

Statistics (NCHS) stated that about one quarter of Asian American adults had 

hypertension and approximately 10% of them had abnormally high blood cholesterol 

levels in 2011-2012 (5). However, there is limited information about the prevalence of 
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diabetes in Asian Americans based on laboratory results. In order to determine the 

prevalence of chronic diseases among Asian Americans, the National Health and 

Nutrition Examination Survey (NHANES) released non-Hispanic Asian data beginning 

in 2011. The NHANES survey is conducted by NCHS; the datasets collected by this 

program not only included questionnaires but also laboratory tests that allow for analysis 

of the prevalence of major diseases in different ethnic groups.   

Diabetes mellitus is the sixth leading cause of death in the United States with 

approximately 18 million Americans diagnosed with this disease (6). According to a 

report from the New York City Health and Nutrition Examination Survey (NYCHNES) 

2004, Asian Americans had the highest risk of diabetes and impaired fasting glucose 

compared with non-Asian groups (7). Abdominal obesity is one of the risk factors for 

diabetes.  Ford et al. using NHANES data from 1999-2012, showed that the prevalence of 

abdominal obesity was increasing within each ethnic group (8). Even though clinical 

research has not determined the mechanisms of how visceral fat impacts diabetes, studies 

have indicated that abdominal obesity is highly associated with diabetes in all body mass 

index (BMI) categories (9). It has been suggested that Asian Americans have larger 

amount of intra-abdominal fat compared to Non-Asians (9) and this might be the 

explanation for the higher rate of diabetes among Asian Americans than other ethnic 

groups. Diabetes is beginning to be screened for in Asian Americans who are not 

typically classified as overweight or obese with a few studies using BMI < 23 kg/m2 as 

normal weight and 23-27.5 kg/m2 as overweight categories in this population (10,11). 

This has led to the World Health Organization (WHO) debate over whether or not BMI 
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cutoff points should be lower for Asians since more Asians were diagnosed with diabetes 

at a lower BMI range (12).  

Although BMI is an indicator total body fat mass, it does not strongly predict 

body fat distribution. Waist circumference (WC) is the common assessment for 

abdominal obesity, but its accuracy as a risk factor for diabetes may be affected by the 

height of each individual. In contrast, waist-to-height ratio (WHtR), which was first 

proposed in the mid-1990s (13), might be a better predictor of abdominal obesity and 

used as a screening tool for diabetes, because it takes the differences in height into 

account. Additionally, a recent meta-analysis indicated that WHtR has a similar or even 

superior association as WC for predicting diabetes (13); therefore, more research 

comparing these two assessments as predictors of diabetes is needed. 

The purpose of this study was to establish the prevalence of diabetes using 

laboratory values among Asian Americans compared with Non-Asians as well as to 

evaluate whether WHtR is a better predictor of diabetes than WC among Asian 

Americans by using  NHANES data from 2011-2014. We hypothesize that Asian 

Americans have a higher prevalence of diabetes at a lower BMI range and that WHtR is a 

better predictor of diabetes than WC. 

Methods  

This epidemiological cross-sectional study included a total sample size of 10,354 

subjects who were non-pregnant and over the age of 20 years old from the NHANES 

2011-2014 datasets. There were 1,301 Non-Hispanic Asians and 9,053 Non-Asians, 

which were selected as the comparison group instead of selecting another specific 
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ethnic/racial group. The NHANES program is a nationally representative survey that 

aims to assess the health and nutritional status among non-institutionalized children, 

adults, and seniors living in the United States. The program began in the early 1960s and 

with data being continuously collected beginning in 1999.  The continuous NHANES 

survey releases datasets every two years.  Approximately 5,000 subjects are surveyed 

each year with Mexican Americans, African Americans, and seniors being oversampled 

since 1999 (15). Sample weights of all of the subjects are calculated thus allowing for 

accurate representation of the entire U.S. population (15). Recognizing that the Non-

Hispanic Asian population has been increasing dramatically in the U.S., NHANES 

oversampled and separately identified this group for the first time as an individual 

ethnicity group in the 2011-2014 cycles.  

The NHANES survey includes home interviews and physical examinations at the 

mobile examination center (MEC).  The MEC consists of four connected laboratory-

equipped trailers which travel to 15 locations throughout the country every two years 

(15). The home interviews include a questionnaire gathering demographic, 

socioeconomic, dietary, and health related information.  The physical examinations 

include body measurements, dietary intake, and laboratory tests (15). Through collecting 

these data, the NHANES program can estimate the prevalence of chronic diseases among 

the U.S. population.  

Diabetes was classified in this study if the subject’s hemoglobin A1c (HbA1c) 

level was above 6.5% or if he/she reported to be using insulin or oral hypoglycemic 

medications.  Since HbA1c measurements do not require a fasted blood sample, it was 

used as the diagnostic test for diabetes instead of fasting blood glucose because it allowed 
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for a far greater number of subjects to be included in the study.  In addition, elevated 

levels of HbA1c may be a more sensitive indicator of the early development of insulin 

resistance or prediabetes than a fasting blood glucose concentration. Standing height was 

measured using a stadiometer with a fixed vertical backboard and an adjustable head 

piece. WC was measured using an anthropometric tape at the level of the iliac crest, 

while WHtR was calculated by using WC dividing by body height. Abdominal obesity 

using WC was defined as greater than 102 cm in males and 88 cm in females (15).  

Abdominal obesity using WHtR was defined when it exceeded 0.5 (16). 

Data were weighted, thus our sample population can be representative of the 

actual U.S. population. Statistical analysis software (SAS 9.2) was used for the 

descriptive and inferential statistics. Results are presented as mean +/- standard error. 

Statistical significance was established if the p-value <0.05. The Chi-square analysis 

procedures were used to determine if significant differences existed in the prevalence of 

diabetes, obesity, and abdominal obesity assessed by WC and WHtR between Asians and 

non-Asians. The t-test procedures were used to determine if significant differences 

existed among the continuous variables, such as WC and WHtR between Asians and non-

Asians. 

Results  

Table 1 describes demographic characteristics for U.S. Asians and non-Asians 

included in this study. There were some expected differences between the two groups: 

Asian subjects generally were of shorter stature, younger, had a lower mean BMI, and 

had a lower mean body weight than non-Asians. The mean WC of non-Asians (99.7 cm)  
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was much higher than that of Asians (87.7 cm); however, the mean WHtR was higher in 

Asians than non-Asians (0.59 vs. 0.54, respectively p < 0.0001).  

Table 2 describes the actual total prevalence of diabetes (14%) and the rates of 

diabetes in each BMI category in Asians and non-Asians. The age-adjusted prevalence of 

diabetes (adjusted to match the age distribution of non-Asians) among Asians was 16% 

while the percentage of diabetes in non-Asians was 11%, (p < 0.0001). Among normal 

weight subjects, the prevalence of diabetes was substantially greater in Asians than in 

non-Asians (10% vs 3%, p < 0.0001). Similarly, among overweight individuals, the 

prevalence of diabetes was substantially greater in Asians than in non-Asians (20% vs 

8%, p < 0.0001). In obese category (BMI ≥ 30kg/m2), diabetes was also more prevalent 

in U.S. Asians than non-Asians (24% vs 20%, p < 0.0001).  
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Table 2. Prevalence of diabetes by ethnicity and BMI categories  

 Non-Asian US Asian p-values 

Total (%)* 11 +0.4 14+1.2 0.0495 

Normal weight (%)* 3+0.4 10+1.4 < .0001 

Overweight (%)* 8+0.4 20+2.3 < .0001 

Obese (%)* 20+0.9 24+3.4 00074 

*Values stated as weighted prevalence + SE, P-values for mean differences across ethnic 

groups. Normal weight defined as BMI < 25 kg/m2; overweight defined as BMI 25-29 

kg/m2; and obese defined as BMI ≥ 30 kg/m2.  
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Despite a higher rate of diabetes in Asian subjects, they had a much lower 

prevalence of obesity. Table 1 shows the prevalence of BMI weight categories in Asians 

and non-Asians. The percentage of those classified as overweight was 34% in non-Asians 

and 29% in Asian subjects. In addition, the prevalence of obesity was 38% in non-Asians, 

whereas the prevalence was only 12% in Asians. The percentage of normal weight BMI 

in Asians (59%) was doubled compared to non-Asian group (28%, p < 0.0001).  

As shown in Table 3, the prevalence of abdominal obesity was very different 

depending on the method of assessment used.  Based on using WC, abdominal obesity 

prevalence was much higher in non-Asians than Asians (58% vs 25%, p < 0.0001). The 

higher prevalence of abdominal obesity among non-Asians compared to Asians was 

consistent within each BMI category when using WC.  In contrast, the prevalence of 

abdominal obesity was higher when using WHtR compared to when using WC among 

both non- Asians compared to Asians (79% vs 65%, p = 0.016).  Notably, the prevalence 

of abdominal obesity using WHtR among Asians was greater than non-Asians within the 

normal weight BMI category (51% vs 44%, p = 0.022). 
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Table 3. Prevalence of abdominal obesity by WC and WHtR   

  Non-Asians US Asians p-values 

Waist Circumference    

Total (%)* 58+1.0 25+1.2 < .0001 

Normal weight (%)* 11+0.9 5+0.6 < .0001 

Overweight (%)* 55+1.4 41+2.6 < .0001 

Obese (%)* 97+0.3 91+2.9 0.0063 

    

Waist-Height Ratio    

Total (%)* 79+0.8 65+2.1 0.016 

Normal weight (%)* 44+1.6 51+2.8 0.022 

Overweight (%)*  93+0.5 94+1.4 0.773 

Obese (%)* 96+0.4 96+1.5 0.897 

*Values stated as weighted prevalence + SE, P-values for mean differences across ethnic 

groups. Normal weight defined as BMI < 25 kg/m2; overweight defined as BMI 25-29 

kg/m2; and obese defined as BMI ≥ 30 kg/m2. 
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To determine the relationship between abdominal obesity and diabetes, the 

prevalence of diabetes in those with and without abdominal obesity was determined as 

well (Table 4).  Not surprisingly, almost all obese subjects with diabetes were also 

abdominally obese, regardless of whether WC or WHtR was used.  However, the 

prevalence of diabetes in overweight abdominally obese in non-Asians was 74% and only 

52% in Asians when abdominal obesity was assessed using WC (p < 0.0001).  In 

contrast, the prevalence of diabetes in both overweight abdominally obese non-Asians 

and Asian was 96% when abdominal obesity was assessed using WHtR (p < 0.14).  

Notably, only 34% and 12% of normal weight (BMI: 18.5-24.5 kg/m2) subjects with 

diabetes had abdominal obesity in non-Asians and Asians, respectively, when abdominal 

obesity was assessed using WC (p < 0.0001).  In contrast, 73% and 93% of subjects with 

diabetes within the normal weight category had abdominal obesity in non-Asians and 

Asians, respectively, when abdominal obesity was assessed using WHtR (p < 0.0001).  

Among normal weight Asians without diabetes, 44% of them had abdominal obesity 

using WHtR (p < 0.0001, data not shown). 
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Table 4. Prevalence of diabetes by ethnicity, BMI, and abdominal obesity  

 Abdominal 

obese Non-Asian 

Abdominal obese  

US Asian 

p-values 

Waist Circumference     

Normal weight (%)* 34+7.8 12+3.6 < 0.0001 

Overweight (%)* 74+3.1 52+6.7 < 0.0001 

Obese (%)* 99+0.1 96+3.5 0.14 

    

Waist-Height Ratio    

Normal weight (%)* 73+6.3 93+2.1 < 0.0001 

Overweight (%)* 96+2.0 96+1.9 0.28 

Obese (%)* 94+1.3 97+3.0 0.62 

*Values stated as weighted prevalence + SE, P-values for mean differences across ethnic 

groups. Normal weight defined as BMI < 25 kg/m2; overweight defined as BMI 25-29 

kg/m2; and obese defined as BMI ≥ 30 kg/m2. 
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Discussion  

This is the first study to show that the age-adjusted prevalence of diabetes 

determined primarily by laboratory methods in a nationally representative sample of 

adults was substantially higher in U.S. Asians than non-Asians (16% vs 11%, p<0.0001).  

Thus, the prevalence of diabetes among Asian-Americans after age-adjustment was 45% 

greater than in non-Asians.  In addition, the prevalence of diabetes was notably higher 

among normal weight and overweight Asians than non-Asians (p<0.0001). Using the 

National Health Interview Survey (NHIS) data from 1997-2008, Lee et al. reported that 

the age and sex-adjusted self-reported prevalence of diabetes was 40% higher in Asian 

subjects compared to non-Hispanic White counterparts (17). In addition, another cross-

sectional study from the New York City Health and Nutrition Examination Survey (NYC 

HANES) stated that almost 50% of normal weight Asians had dysglycemia within the 

normal weight range (18). However, in 2004, McNeely and Boyko reported that the 

prevalence of diabetes among Asian Americans was lower compared to other ethnic 

groups (19).  

According to a National Diabetes Statistics report which used 2010-2012 National 

Health Interview Survey data, the prevalence of diabetes among Asian Americans was 

9%, which was higher than Caucasians (7.6%) but lower than Mexican Americans 

(12.8%) (20). These previous studies tend to show that the prevalence of diabetes is 

higher among Asian Americans. However, the differences in the prevalence rates for 

diabetes between this study and others could be caused by numerous factors as described 

below.  
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First, our study utilized the most recent datasets released by NHANES 2011-

2014, while previous studies used older data and different survey systems. Additionally, 

NHANES measures actual blood values (% hemoglobin A1c) along with interview 

responses to diabetic medication use; in contrast, most other national survey data only 

included responses to interview questionnaires. Self-reported data is not as accurate and 

is likely to underestimate the true prevalence of diabetes compared to results based on 

laboratory tests. The criteria of diabetes used in our study were based on elevated HbA1C 

levels or self-reported use of oral diabetic medications or insulin usage status, which was 

likely more accurate. Other studies may only use fasting blood glucose levels or simple 

questions, such as “Have you ever been told by a doctor or health professional that you 

have diabetes?” (17); therefore, varying methodologies may have led to the different 

findings.  

In our study, the analysis suggests that Asian Americans may have larger amounts 

of visceral fat when assessed using WHtR, which may have contributed to the higher rate 

of diabetes. Visceral fat is highly associated with metabolic and obesity-related diseases 

such as diabetes. One study showed that among women with similar BMIs, Asian women 

had greater amounts of intra-abdominal and visceral fat than Caucasian women when 

measured using dual energy X-ray absorptiometry (DXA) (4). In a prospective cohort 

study in 1980-2000, Shai et al. reported that Asians gained the lowest amounts of weight 

but the weight gain seemed to be more strongly associated with diabetes compared to 

other ethnic groups (22). Wang et al. also pointed out that when comparing for height, 

weight and percent of body fat between Asians and Caucasians in the New York area, 

Asians were generally of shorter stature, had thicker abdomen skinfolds, and had lower 
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BMIs (23). The differences of body composition between different ethnic groups could 

be the possible explanation for the higher prevalence of diabetes among Asian 

Americans. However, there is no standard diabetes and obesity screening tools for each 

ethnic group.   

Having a normal BMI is generally considered a healthy status; therefore it is 

possible that normal body weight Asian Americans may be less likely to receive any 

proper screenings for diabetes and consequently receive care for diabetes much later in 

life. Even though Asian Americans had a greater rate of diabetes, their prevalence of 

obesity was far lower when compared to non-Asians. A few studies found that normal 

weight Asians had higher risk of metabolic diseases than their American counterparts 

(17,19) and that the current BMI cutoff points as defined by WHO may not accurately 

reflect the percentage of body fat as well as the health-related issues among Asians. The 

American Diabetes Association suggested lowering the BMI cutoff points for Asian 

Americans and they recommended the adoption of 23 kg/m2 or above as the cutoff point 

for chronic diseases screening (11). Additionally, they pointed out that Asian Americans 

tend to accumulate fat around the abdomen area, which lead to relatively higher risks for 

metabolic diseases (11).    

BMI and WC have been commonly used as clinical screening tools for metabolic 

syndrome, cardiovascular disease, and diabetes. However, both methods have imperfect 

associations with health related issues, particularly among Asian subjects. BMI is 

generally associated with the overall body fat mass, while WC may identify if someone is 

at risk of abdominal obesity. However, just as BMI assesses excess body weight relative 
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to height, WHtR may be a more accurate and sensitive assessment of abdominal obesity 

than WC, because height is considered along with WC.  

Of normal weight Asian Americans who were diagnosed with diabetes, 93% of 

them had abdominal obesity by using WHtR. Similarly, among normal weight diabetic 

Non-Asians, about 75% of them had abdominal obesity. In overweight or obese Asian 

Americans or Non-Asians with diabetes, virtually all of them had abdominal obesity 

when assessed using WHtR. In contrast, fewer normal and overweight Asian subjects 

were considered abdominally obese when using WC alone. The strength of this 

relationship between abdominal obesity and diabetes is much stronger when using WHtR 

than WC. These results suggest that assessment of abdominal obesity is improved when 

using WHtR. Therefore, the greater prevalence of diabetes in Asian Americans, 

particularly in the normal and overweight BMIs is largely explained by the greater 

prevalence of abdominal obesity as assessed using WHtR assessment.   

  One of the strengths of this study is the large sample size. NHANES assigns each 

subject a specific sample weight that allows the sample population to be representative of 

the actual U.S. population.  In addition, assessment of diabetes was made using a 

laboratory measurement in addition to self-reported use of diabetic medications. 

However, as a cross-sectional observational study, NHANES data cannot prove a cause 

and effect relationship between abdominal obesity and diabetes; but other studies have 

reported a similar association among Asians (3, 4). In addition, WHtR may have a 

different impact among children and adolescents; therefore, future research could include 

the use of subjects below 20 years old while studying the association between WHtR, 

abdominal obesity, and diabetes. Future studies also need to consider other factors, such 
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as family history and education levels when analyzing the prevalence of diabetes and 

abdominal obesity among Asian adults.   

Conclusion  

This study documents that the prevalence of diabetes in Asian Americans is 45% 

higher than in Non-Asians and this is the first to report this disparity using laboratory 

measurements of a nationally represented population. The greater prevalence of diabetes 

in Asians exists despite a far lower prevalence of overweight and obese conditions. 

Additionally, the prevalence of diabetes is over three times higher in normal weight 

Asians and two times higher in overweight Asians compared to non-Asians. Our findings 

suggest that the greater prevalence of diabetes in normal weight Asians is associated with 

a greater prevalence of abdominal obesity as assessed by WHtR. Therefore, the WHtR 

could be a better assessment method for assessing abdominal obesity as well as screening 

diabetes when compared to WC, especially in Asian populations. 
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