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The Relationship of Body Fat to Metabolic Disease: Influence of
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Abstract

Clinical investigations designed to determine risk profiles for the development of cardiovascular
disease (CVD) and type 2 diabetes mellitus (DM) are usually performed in homogenous
populations and often focus on body mass index (BMI), waist circumference (WC), and fasting
triglyceride (TG) levels. However, there are major ethnic differences in the relationship of these
risk factors to outcomes. For example, the BMI risk threshold may be higher in blacks than in
whites and higher in women than in men. Furthermore, a WC that predicts an obese BMI in white
women only predicts a BMI in the overweight category in black women. In addition, overweight
black men have a greater risk of developing type 2 DM than do overweight black women.
Although TG levels are excellent predictors of insulin resistance in whites, they are not effective
markers of insulin resistance in blacks. Among the criteria sets currently available to predict the
development of CVVD and type 2 DM, the most well known is the metabolic syndrome. The
metabolic syndrome has 5 criteria: central obesity, hypertriglyceridemia, low high-density
lipoprotein (HDL) levels, fasting hyperglycemia, and hypertension. To make the diagnosis of the
metabolic syndrome, 3 of the 5 factors must be present. For central obesity and low HDL, the
metabolic syndrome guidelines are sex specific. Diagnostic guidelines should also take ethnic
differences into account, particularly in the diagnosis of central obesity and hypertriglyceridemia.

INTRODUCTION

To achieve effective prevention of cardiovascular disease (CVD) and type 2 diabetes
mellitus (DM), evidence-based data on the high-risk metabolic profile are required. Most
risk profiles that are currently available are based on studies of largely white populations.
There is a paucity of data in other ethnic groups. Because of ethnic differences in the
incidence and prevalence of CVD and type 2 DM, it cannot be assumed a priori that studies
performed in whites are universally applicable.

For early diagnosis and effective prevention of cardiovascular disease and type 2 diabetes
mellitus, evidence-based data on the high-risk metabolic profile are required.

One of the most important prospective studies on CVD risk factors is the Framingham Heart
Study. In 1948, ~5000 residents from Framingham, Massachusetts, participated in a health
survey. The Framingham Offspring Study now enrolls the original participants’ adult
children.! The Framingham cohort is white. Another rich source of information on risk
factors for CVD is the Nurses’ Health Study. Instituted in 1976, the Nurses’ Health Study
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enrolled 120,000 female nurses aged 30 to 55 years, 94% of whom are white.? In 1986, a
third study, the Health Professionals Follow-Up, was initiated to complement the Nurses’
Health Study and enrolled more than 50,000 men in the health professions. Ninety-three
percent of the participants in the Health Professionals Follow-Up Study are white.

If we are to achieve effective prevention of CVD and type 2 DM in all populations, we need
to assess risk profiles not only in whites, but in other ethnic groups as well. This article will
explore what is currently known about risk thresholds related to body mass index (BMlI),
waist circumference (WC), and triglyceride (TG) levels, and how these were established in
whites. As an example of ethnic differences, the focus will shift to how well these thresholds
identify blacks at high risk for CVD and type 2 DM.

BODY MASS INDEX

BMI is a valuable epidemiologic tool. It allows the evaluation of weight relative to height.
Knowing the weight of an individual is not sufficient for classification into the categories of
underweight, normal weight, overweight, or obese (Table I). For example, if a person
weighs 70 kg (154 Ibs) and has a height of 1.5 m (5 ft), then that person is considered to be
obese (BMI = 31.1 kg/m?). In contrast, if a person weighs 70 kg (154 Ibs) and has a height
of 1.8 m (6 ft), then that person is considered to be of normal weight (BMI = 21.6 kg/m?).

Body mass index = weight in kilograms/height in meters?.

Relationship of Body Mass Index to Mortality

Based on studies of minimum mortality, the National Heart, Lung, and Blood Institute and
the World Health Organization together developed guidelines for the creation of BMI
categories.? In the formation of these guidelines, major consideration was given to a cancer
prevention study of 60,000 white men and 240,000 white women.? In this study, minimum
mortality in men and women occurred when BMI was between 18.5 kg/m?2 and 25 kg/m? (ie,
18.5 kg/m? < BMI <25 kg/m?). The relationship between BMI and mortality was
characterized by a J-shaped curve. Therefore, below a BMI of 18.5 kg/m? or above a BMI of
25 kg/m?2, mortality increased.

Compared with whites, data on the relationship of BMI to mortality in blacks are sparse.
However, data on the association between BMI and mortality for black women exist in the
Cancer Prevention Study 1.° Of the 200,000 female participants in that study, 3000, or less
than 2%, were black. With the understanding that the percentage of black participants was
small, the investigators calculated the death rate relative to BMI using 3 different statistical
methods. By all 3 methods, mortality in white women rose with increasing BMI. In contrast,
no relationship was observed between mortality and BMI in black women.

In a combined analysis of National Health and Nutrition Examination Survey (NHANES)
data collected between 1970 and 1994, Fontaine et al® found that years of life lost secondary
to obesity alone occurred in white men at a BMI =26 kg/m?2, and in white women at a BMI
>28 kg/mZ2. In black men, the years of life lost secondary to obesity alone occurred at a BMI
>32 kg/m?2, a full 6 BMI units higher than in white men. For black women, years of life lost
secondary to obesity alone occurred at a BMI threshold =38 kg/m?, or 10 BMI units higher
than that in white women.® Thus, NHANES data clearly indicate that there are significant
differences by sex and ethnicity in the relationship between BMI and mortality.
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Analyses of data from studies conducted, by the National Health and Nutrition
Examination Survey have revealed both sex and ethnic differences in the relationship
between body mass index and mortality.

Overall in whites, studies indicate that mortality increases if BMI is 25 kg/m?2, whereas in
blacks, the BMI of lowest mortality has yet to be determined.>7

In black men, impaired glucose tolerance is frequently observed if the body mass index
(BMI) is =25 kg/m?2. In black women, impaired glucose tolerance does not usually occur
until BMI is =30 kg/m?, indicating a sex difference in the relationship between BMI and
glucose tolerance.

Relationship of Body Mass Index to Morbidity

Morbidity and mortality are not the same. Mortality is an end point without debate and
therefore easy to categorize. In contrast, morbidity, or ill-health and a compromised quality
of life secondary to increased BMI, is difficult to assess. Complications of increased BMI
include type 2 DM, hypertension, CVD, arthritis, depression, discrimination, and economic
hardship.

Three studies are actively working to identify the BMI of best health in blacks: the
Triglyceride and Cardiovascular Risk in African Americans (TARA) study, the Jackson
Heart Study, and the Black Women’s Health Study.8-11 | am the Principal Investigator of
TARA, a cross-sectional investigation of 225 black men and women. The prevalence of
obesity, hypertension, and glucose intolerance in TARA is similar to that observed in
NHANES cohorts. By focusing on the relationship between BMI, WC, TG levels, and
insulin resistance, the TARA study may help identify the most important risk factors for
CVD and type 2 DM in blacks. The second of these investigations, the Jackson Heart Study,
is a prospective study that began in 2000 with nearly 4000 black participants from Jackson,
Mississippi.? The Jackson Heart Study is expected to provide critical new information on
obesity, hypertension, insulin resistance, dyslipidemia, CVD, and type 2 DM in blacks. The
third investigation, the Black Women’s Health Study, was initiated in 1995 with more than
60,000 participants and is already providing important insights about diet, obesity,
hypertension, CVD, type 2 DM, and breast cancer in black women.8 Thus, TARA, the
Jackson Heart Study, and the Black Women’s Health Study may all provide a better
understanding of the relationship between BMI and health in blacks.

In the TARA cohort, we observed that black men with glucose intolerance frequently have a
BMI that exceeds 25 kg/m?, whereas in black women, glucose intolerance does not usually
occur until BMI exceeds 30 kg/m? (Figure 1). For example, we found no significant
difference in BMI in black men with or without normal glucose tolerance (mean [SD] BMI:
29 [7] vs 31 [5] kg/m?2). Altogether, 56% of black men with glucose intolerance had BMI
levels in the overweight category (25 kg/m? < BMI <30 kg/m?2).12 In contrast, black women
with glucose intolerance had a much higher BMI than did normal glucose tolerant women
(BMI: 40 [8] vs 29 [6] kg/m?; P <0.001). Consequently, only 12% of glucose intolerant
women had BMI in the overweight category. In other words, 88% of black women with
glucose intolerance were obese (BMI =30 kg/m?). Hence, in blacks, there are marked sex
differences in the relationship between BMI and glucose tolerance. Based on TARA data
and a review of the literature, we believe that obesity (BMI =30 kg/m?2) has clear adverse
consequences for black women, but the overweight category (ie, 25 kg/m? < BMI <30 kg/
m2) may not.
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Obesity (body mass index [BMI] =30 kg/m?) has clear adverse consequences for black
women, but the overweight category (ie, 25 kg/m2< BMI <30 kg/m?) may not.

WAIST CIRCUMFERENCE

Body Fat Distribution

There are distinct sex differences in body fat distribution. Men have more central obesity
than do women. Additionally, at every level of WC, men have more visceral and less
subcutaneous fat than do women (Figure 2). Increased visceral adiposity has significant
metabolic consequences—it leads to the development of insulin resistance, glucose
intolerance, and type 2 DM.13 Thus, sex differences in WC may have greater health
implications than do sex differences in BMI.

At every level of waist circumference, men have more visceral fat than women do.
Consequently, when men and women both have central obesity, the men are at greater
risk for developing glucose intolerance and type 2 diabetes mellitus.

Classification of Central Obesity

Central obesity is classified according to WC (Table I1). Yet, the International Diabetes
Federation (IDF) and the National Cholesterol Education Program-Adult Treatment Panel
[11 (NCEP-ATPIII) do not use the same WC cutoffs to define central obesity.141° Even
though both agencies agree that the guidelines should be sex specific, the WC cutoffs used
by the IDF are lower than the WC cutoffs used by the NCEP-ATPIII. Another source of
disagreement is that the NCEP-ATPIII uses only one set of WC guidelines for men and
women worldwide. In contrast, the IDF recognizes ethnic differences in WC thresholds for
whites, South Asians, Chinese, and Japanese. However, the IDF does not have sufficient
data on people of African descent to make WC guideline recommendations for blacks. In the
absence of data, the IDF uses WC determined from whites to diagnose central obesity in
blacks. To begin to overcome this deficit, we have examined the association between WC
and BMI and insulin resistance in the TARA cohort.11

The WC thresholds used by the IDF and the NCEP-ATPIII originate from a study in
Scotland.18 Scottish men and women were measured to determine the WC (cm) that predicts
either an overweight BMI (=25 kg/m?2) or an obese BMI (=30 kg/m?2). In men, a WC of =94
cm predicted a BMI of 225 kg/m?2 and a WC of =102 cm predicted a BMI of =30 kg/m2. In
women, a WC of =80 cm predicted a BMI of >25 kg/m? and a WC of =88 cm predicted a
BMI of =30 kg/m2. The difference between the IDF and NCEP-ATPIII classifications is that
the IDF selected the WC that predicts an overweight BMI (=25 kg/m?2), whereas the NCEP-
ATPIII chose the WC that predicts an obese BMI (=30 kg/m?2).14.15

Based on regression equations derived from TARA data, in black men a WC of =94 cm and
>102 cm predicted a BMI of 228.4 kg/m? and >31.2 kg/m?, respectively.1! For black
women, a WC of 80 cm and 88 cm predicted a BMI of 224.6 kg/m? and >27.9 kg/m?,
respectively.11 Therefore, there are black—white differences in WC that predict both the
overweight and obese categories. The most clinically relevant difference is that a WC of 88
cm predicts obesity in white women, but a WC of 88 cm in black women only predicts the
overweight category.

Gend Med. Author manuscript; available in PMC 2012 October 31.
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Waist Circumference as a Predictor of Insulin Resistance

The guidelines for central obesity set by the IDF and the NCEP-ATPIII rely solely on the
relationship between BMI and WC.1415 However, BMI may not be the most important
correlate of WC. It is possible that the relationship of WC to insulin resistance may have
more physiological relevance than the WC, which predicts BMI category. Thus, we
examined the relationship between WC and insulin resistance. In the TARA cohort, we
found that insulin resistance in black men was best predicted by a WC =102 cm, whereas in
black women, the WC that optimally predicted insulin resistance was =98 cm.11

The waist circumference (WC =98 cm) in black women that best predicts insulin
resistance is 18 cm higher than the recommendation of the International Diabetes
Federation and 10 cm higher than the recommendation of the National Cholesterol
Education Program-Adult Treatment Panel I11. Raising the WC threshold that is used to
diagnose central obesity in black women should be considered.

The WC in black men that best predicts insulin resistance is identical to the NCEP-ATPIII
guidelines (=102 cm), and therefore may be superior to the recommendation of the IDF (=94
cm). However, the WC (=98 cm) in black women that best predicts insulin resistance is 18
cm higher than the IDF and 10 cm higher than the NCEP-ATPIII recommendations.
Consideration should be given to raising the WC threshold that is used to diagnose central
obesity in black women.

Fasting Triglyceride Levels

Fasting TG levels are used in the diagnosis of the metabolic syndrome, the abbreviated
metabolic syndrome, and the hypertriglyceridemic waist. Of these syndromes, the metabolic
syndrome is the oldest and most well known, but all 3 syndromes are used to predict the
future development of CVD and type 2 DM.17-19 To diagnose the metabolic syndrome, 3 of
5 criteria have to be present. Elevated TG (=150 mg/dL) is one of the possible criteria; thus,
hypertriglyceridemia is an optional criterion.20 In contrast, for the diagnosis of the
abbreviated metabolic syndrome and the hypertriglyceridemic waist, elevated TG is
mandatory18:19 For the abbreviated metabolic syndrome, TG must be =150 mg/dL; for the
hypertriglyceridemic waist, TG must be =177 mg/dL. However, blacks have lower TG
levels than do whites (Figure 3).21 Even after adjustment for differences in BMI, blacks still
have lower TG levels than do whites (Figure 4).21 Because these syndromes use
hypertriglyceridemia as a diagnostic criterion, they may not be effective in identifying
blacks at risk for the development of CVD or type 2 DM.

Etiologically, insulin resistance is a key component of all 3 of these syndromes. Owing to
the difficulty in measuring insulin resistance, TG levels have been used as a proxy measure
of insulin resistance. It has been proposed that either a TG =130 mg/dL or a TG to high-
density lipoprotein (HDL) ratio =3 indicates the presence of insulin resistance.22 However,
using the TARA cohort, we found that neither TG nor TG:HDL ratios were predictors of
insulin resistance in blacks (Figure 5).19 In addition, using NHANES data, we observed that
compared with whites and Hispanics, blacks were more likely to be insulin resistant and
have normal TG levels (Figure 6).2 Furthermore, by using the homeostasis model
assessment to measure insulin resistance, we noted that the difference in the relationship
between TG and insulin resistance was greater between black and white women than
between black and white men (Figure 7).2! Therefore, TG thresholds identified as high risk
in white women are not likely to optimally describe high-risk black women and vice versa.
Our concern is that both CVD and type 2 DM risk may be occurring at lower TG levels in
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blacks than in whites. Alternatively, TG might not be the ideal risk factor to use to identify
blacks at a time when early intervention would be most effective.

It is important to understand why ethnic differences in TG exist. It is well established that in
the presence of insulin resistance, there is increased hepatic production and secretion of the
TG-rich particles termed very low density lipoproteins (VLDL).13 Lipoprotein lipase (LPL)
is the enzyme that clears VLDL particles from the circulation.23 In whites, LPL activity is
impaired in the presence of insulin resistance.24 Therefore, in insulin-resistant whites,
fasting TG levels are increased because of the combination of increased production and
decreased clearance of VLDL.2> We have reported that LPL activity is not impaired in
insulin-resistant blacks.2% Thus, one reason why TG levels may be normal in insulin-
resistant blacks is that TG clearance is maintained.

CONCLUSIONS

Even as our common humanity unites us worldwide, there are sex and ethnic differences in
body fat content, distribution, and metabolism. BMI, WC, and TG levels reflect these
differences. As we explore the complex interaction between metabolism, culture,
environment, and genetics, knowledge of sex and ethnic differences may lead to the
development of more effective paradigms to recognize and prevent CVD and type 2 DM.
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Figure 1.

Cumulative percent of glucose intolerance in blacks by sex and body mass index (BMI).
Reproduced with permission.12
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Man
WC: 114 cm
VAT: 170.7 cm?
BMI: 31.8 kg/m?

Woman
WC: 114 cm
VAT: 79.1 cm?
BMI: 47.1 kg/m?

Figure2.

Man (upper panel) and woman (lower panel) with the same waist circumference (WC). The
central white tissue in each panel depicts visceral adipose tissue (VAT). Even though the
man and woman have the same WC, the man has twice as much VAT. The arrows indicate
the waist perimeter. BMI = body mass index.
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Figure 3.

Mean (SE) triglyceride (TG) concentration by ethnicity. Data from the National Health and
Nutrition Examination Survey, 1999-2002.21 *P <0.001, blacks versus whites and
Hispanics.
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Figure4.

Mean (SE) triglyceride (TG) concentration by sex, ethnicity, and body mass index category.
Data from the National Health and Nutrition Examination Survey, 1999-2002.21 *£ <0.001
and TP <0.01, blacks versus whites and Hispanics.
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Figureb5.

(A) Insulin, (B) triglyceride (TG), and (C) TG to high-density lipoprotein (HDL) ratio as
predictors of insulin resistance determined by the area under the receiver operator
characteristic curve (aROC). Adapted with permission.10
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Figure®6.

By ethnicity, the percent of insulin-resistant individuals with triglyceride (TG) levels below
threshold values. Data from the National Health and Nutrition Examination Survey, 1999-
2002.21* P <0.001, blacks versus whites and Hispanics.
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Figure7.

Regression of insulin resistance on triglycerides. Data from the National Health and
Nutrition Examination Survey, 1999-2002.21 HOMA = homeostasis model assessment.
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Body mass index (BMI) categories.3

BMI Category BMI Range (kg/m?)

Underweight <185
Normal weight 18.5-24.9
Overweight 25.0-29.9
Obese >30.0
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Table Il

Classifications of central obesity by waist circumference (WC).314

f WCinMen,cm WC in Women, cm
National Cholesterol Education Program-Adult Treatment Panel 111 2102 >88

International Diabetes Federation

Whites 294 >80
South Asians 290 280
Chinese 290 =80
Japanese >85 =90
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