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CHAPTER 1: INTRODUCTION

The presence of metabolic syndrome is defined as 3 or more of 5 metabolic risk
factors. The latter include high blood pressure, hyperglycemia, hypgraigiemia,
low high density lipoprotein — cholesterol and large waist circumference (1,H&. Ot
factors including microalbuminuria, hyperuricemia, changes in clottingriact
chronic inflammation, and fatty liver have received attention in attempt ittredék
syndrome. It is recognized that the most prevalent form of the clustering
abnormalities of the metabolic syndrome, linked to insulin resistance, is observed in
subjects with abdominal obesity, in particular with excess visceral adipsae {83,
4). Abdominal obesity is measured by waist circumference (WC), which is
considered a better marker of abdominal fat accumulation than the body mass inde
due to a higher correlation with visceral adipose tissue (5). However, tisite is
debate on appropriate population-based WC cutoff points.

Heterogeneity of abdominal tissue composition, in particular fat mass dathkke
mass, and its association with metabolic risk factors in different etroupsg does
not allow a universal WC cutoff value (6). Thus, successful prevention and
management of increasing metabolic abnormalities and related caodilarasnd
type 2 diabetes illnesses require accurate identification of high-risk indwidya
There has been a growing research interest in practical, sensiteaniagrcut-off
values that are appropriate for different population groups worldwide. The overall
objective of these research interests is to detect obesity and relatiaeolic

syndrome risk criteria.



The existing cut-off values for WC were adopted by International Beabe
Federation (IDF), and National Cholesterol Education Program - Adult Treatme
Panel (NCEP-ATP lll). They were based on studies of Europeans witbdisample
size that related WC to BMI (2, 7, 8) in men and women. The NCEP-ATPIII waist
circumference> 102 cm in men and 88 cm in women were predicted from the BMI
of 30 kg/m?, and the IDF WE94 cm in men and 80 cm in women were predicted
from the BMI of 25kg/m?. Furthermore, the data did not take into consideration other
metabolic syndrome components including high blood pressure, elevated fasting
blood glucose, high levels of triglycerides, and low high density lipoprotein
cholesterol (HDL-C). In addition, the age, gender and ethnic dependent relgtionshi
of waist circumference to abdominal adiposity were not addressed in the initial
NCEP-ATP lll guidelines. For instance in other studies, cutoff values developed by
NCEP-ATP lll were later found to be inappropriate for certain groups, such as
Asians, whose WC/BMI display higher morbidity at lower cutoff points than
European Americans (6). This led researchers to question the use of universal WC cut
off values. Consequently, other research suggested that an evaluation was needed to
determine if the current IDF and NCEP cutoffs are sensitive indicatorkdéris
other ethnic groups.

Given that waist circumference cutoffs have been found to be more predictive of
body fatness, fat distribution (3, 9-11) and metabolic risk factors (12) in some
population groups and inappropriate for others. IDF has recognized this and proposed
to lower the waist circumference cut-offs for some ethnic groups. ThesiRew

ethnic cut-off values were not always validated against clinical outcomemagohg



data of visceral fat (4). Also, previous studies on WC cut off points in African
Americans were limited and not inclusive of the clustering of MetS abnoresaliti
(13-17) and depended on BMI, indicating inadequate attention to high risk central
obesity.

Studies show that there are health disparities between African Ameaiodns
other USA minorities indicating that they are at higher risk for morbidity and
mortality from non-communicable chronic ilinesses associated with metaboli
syndrome. However, studies using the NCEP-ATPIII criteria reportrlcates of
metabolic syndrome in African Americans (AA) (12), and this is in contidst w
observed disproportionately high prevalence of obesity, insulin resistance, type 2
diabetes, hypertension and heart disease (18,19). These lower rates oficnetabol
syndrome were attributed to lower levels of certain major components of metaboli
syndrome, specifically serum high-density lipoprotein cholesterol (HDL)
triglycerides (TG) (20, 21) and lower waist circumference (WC)qaarly in men
(7,16,17). The latter has been confirmed in a study which reported WC cutoffs 5-6 cm
greater for European Americans (EA) than for AA men at every BMI feved 25 to
40 kg/m2, while no differences in WC for women was reported (16).

The use of WHO BMI to characterize CVD risk factors in determining WE wa
also a problem because the BMI cut off values of overweight (25 kg/m2) andyobesit
(30 kg/m?) had several limitations (10,)2BMI does not separate fat mass from fat
free mass (muscle, skeletal masses) (3). Also, studies have demonk#iated t
individuals with identical BMI values may have considerably different pergeritd

levels, particularly if they vary in age, gender and ethnicity. AfricareAcans in
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particular, have been reported to have higher total bone density and muscle mass
content compared to European Americans (10, 23). Other studies have observed
higher values of skeletal muscle mass among African American aradefemales
across their lifespan compared to other ethnic groups as illustratedire Ei¢24).
Recently, Flegal et al., 2009 investigated the relationship between BMI, WC, and
waist-stature ratio (WSR) as proxies for adiposity with percentage boBBF) in
12,901 individuals > 18 years of age from the 1999-2004 NHANES national sample.
They confirmed differences in percentage body fat at the same BMI pesenti
among different ages, sex, and ethnicity as stated previously. At a givenhgMl
percentage of body fat, estimated using dual energy X-ray absorptidDEXA)
method, was lower in African Americans than in the European Americans, and
further research was recommended to determine BMI, WC, and WSR that best
classify individuals according to percentage fat (25).
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It is recognized that differences in body composition in ethnic/racial gedfterst
the cut off values for measurements of abdominal and overall obesity (6,26,27).
Given the increased skeletal muscle mass and lower % BF, the relatibashgen
% fat and BMI probably is different among African Americans. The chandegsin t
relationship suggests that African Americans, men in particular, maydeer@ased
metabolic risk compared with Europeans at a similar WC and BMI%iri)e these
population groups may differ in the level of risk associated with a particular
BMI/WC, research is needed to determine appropriate African Ameri€aant
BMI cut points to account for differences in (i) susceptibility to obesityteel
metabolic risk factors, (ii) the relation of BMI to body fatness and fatrfrass, and
(i) fat distribution.

This study focused on appropriateness of WC and BMI cut offs in African
American males and females and determined optimum waist circumference and BM
based on their specific MetS risk factors. The results will contribute to the
understanding of ethnic differences in metabolic syndrome profile and itisatnqh
in chronic disease disparities. To our knowledge, this will be the first stuasess
the WC and BMI considering the unique characteristics of this group in terms of
existent metabolic syndrome risk factors among African Americaris higber
muscle mass, bone density and lower body fat at a given BMLI. It is anticipated t
this study will initiate further interest to research the underlying lmétasyndrome
differences and clarify the contribution of each MetS parameter to the higher

prevalence of non-communicable chronic diseases among AA.



Objectives

Primary

. To determine gender specific waist circumference cutoff values and body
mass index for detecting the clustering of metabolic risk factorsgmon
African Americans> 20 years independent of WHO BMI cutoff values;

. To identify the cutoff values for waist circumference and BMI by tearyage
groups (20-29; 30-39; 40-49; 50-59; 60-69; and 70+).

. To investigate whether there are differences in the likelihood of having
metabolic syndrome based on the WC/ BMI cutoff values estimated by this

study in comparison with the NCEP-ATP llI, IDF and WHO cutoffs.

Secondary

. To identify differential metabolic risk characteristics among African
Americans men and women that characterizes individuals with and without
metabolic syndrome.

. To determine the possible environmental and health determinants (dietary,
nutritional biochemistries, hepatic fat accumulation markers, inflarama

and thrombotic markers, hyperuricaemia, microalbuminuria, thyroid
abnormalities, socioeconomic and lifestyle factors) that may contribute to
MetS among African Americans adu#t20 years when comparing those with

and without metabolic syndrome.



Research Questions
3.1.What are the threshold values for waist circumference and BMI in adidaAf
Americans that would predict the presence of individuaFaBdnetabolic syndrome
risk factors (low HDL cholesterol level, high triglyceride level, higincgse level,
and high blood pressure) by gender?
3.2.Which WC cutoff values are appropriate among those suggested by current
study, NCEP-ATP Ill, and IDF, for the criteria of WC as a component of #t&M
syndrome among African Americans?
3.3.Is there a statistically significant difference in age-adjustedgbence of MetS
among adult African Americans using a modified NCEP-ATPIII based onfdfe f
qguestion 3.1 compared with NCEP- ATPIII and the IDF definitions?
3.4.What are the threshold values for waist circumference in adult African
Americans that would predict the presence @f(3) metabolic syndrome risk factors
by ten-year age groups and gender?
3.5.How do the gender-specific cutoff values of WC/BMI for detectiigmetabolic
syndrome risk factors compare among cases with raised blood pressure 1SBP
mmHg and/or 85 mmHg) and those without raised blood pressure using ROC
analysis?
3.6.Is there a statistically significant difference in MetS componerdsage-
adjusted prevalence of 2 and 3 metabolic syndrome risk factors based on BMI
from question 3.5 compared with WHO cutoff values (25kg/m?2 and 30 kg/m?)?
3.7.What are the predictors of MetS among African Americans men and women, and

is there a statistically significant difference in concentration fomf@GHDL among



African Americans diagnosed with2 metabolic syndrome risk factors and those

without MetS?

Supplemental Research Questions

1. Is there a statistically significant difference in the dietary vags(ltiotal Kcal,

fat, carbohydrate, protein, fiber, vitamin C, Carotene, vitamin E, selenium,
(antioxidants), Iron between individuals diagnosed withmetabolic syndrome
risk factors and those without MetS?

2. Is there a statistically significant difference in senitamin C, Carotene, vitamin

E, selenium, (antioxidants), Iron between individuals diagnoseddth

metabolic syndrome risk factors and those without MetS?

3. Is there a statistically significant difference in relevant hepatic blegid tALT
alanine Aminotransferase, ALP alkaline phosphatase, GGT gamma glutamyl
transferase between individuals diagnosed wighmetabolic syndrome risk
factors and those without MetS?

4. Is there a statistically significant difference in the inflammation hrahtbotic

markers, hyperuricaemend_microalbuminurid@etween individuals diagnosed

with > 2 metabolic syndrome risk factors and those without MetS?

5. Is there a statistically significant difference in socioeconomic bi@sgpoverty

income ratio, education, or marital status) and lifestyle fa¢pdrgsical activity,

alcohol, cigarette intake) between individuals diagnosedx&metabolic

syndrome risk factors and those without MetS?



CHAPTER 2: BACKGROUND AND LITERATURE
REVIEW

2.1. Metabolic Syndrome

The term metabolic syndrome (MetS) has been developed with the purpose to
assist in identification of individuals at high risk of type 2 diabetes and cardigaasc
disease (CVD) in order to put in place preventative measures that can ddwegase
risks (28-30). Although no accepted central underlying mechanism has been agreed
upon (31) for the pathogenesis of the Metabolic Syndrome, two features: thalviscer
obesity (32,33) and impaired insulin in particular (34-36) stand out as potential
etiologies underlying the associated abnormalities of MetS. Additiongdendent
mechanisms that have been considered as important contributors to the MetS include:
prenatal and early-life influences (3¢hronic stress; chronic activation of the
immune system; the contributions of cytokines, hormones and other molecules
produced by adipocytes; disorders of the hypothalamic—pituitary—adrenaraxis;
altered glucocorticoid hormone action (31,38)ing and hormonal changes (3b
well as potential multiple gene combinations (39) have also been implicated in the
development of MetS.

Impaired insulin action in the liver, muscle and adipose tissues have been
considered as the core disorders in the MetS and at the origin of risk fdeors t
tend to cluster together as well as to occur commonly in insulin resistant inéBvidua
(36,40). The risk factors include hypertriglyceridemia, low high-density lipejorot
cholesterol (HDL-C), hyperinsulinemia, and high blood pressure (36). The

simultaneous occurrence of these metabolic abnormalities has been shown to confer



higher cardiovascular disease (CVD) risk than each abnormality taken indiwidua
(41) or the sum of the abnormalities (42,43), even in the absence of hyperglycemia or
diabetes (35). Patients with MetS have risk of developing CVD over the next 5 to 10
years is twice that of individuals without the syndrome. In addition, individuals with
MetS have a 5 fold increase in risk for type 2 diabetes (29). A meta-analysis of
longitudinal studies confirmed a 2 fold CVD risk for MetS which remained

significant after controlling for classical CVD risk factors (4@ata from the

NHANES Il was used to quantify the increased prevalence of CHD anuutiy &

50 years of age) by presence of MetS with or without diabetes. The resuledshow
the lowest coronary heart disease (CHD) prevalence among individuals without
metabolic syndrome regardless of diabetes status. A marked increase iaruewdl
CHD was observed with the presence of metabolic syndrome, and the prevasnce w
highest when the diabetes and MetS co-exist (35). The risk of myocardialiamfarct
stroke, and coronary heart disease has been found to be much higher in individuals
presenting with MetS than in those without the syndrome (45). Some studies,
however, state that the MetS is not more useful than its collective component parts
(46,47), while others argue that MetS has a longer-term prognostic valuefor CV
than that achieved by short-term global risk calculators (48).

The introduction of this complex of interrelated risk factors was originally
called syndrome X or insulin resistant syndrome, and now it is referred to as
metabolic syndrome. MetS is considered useful as a professional and public
educational concept (53). Also, it represents an advance in health awarhess

preventative medicine and goes beyond the classical risk factors, such teleleva
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cholesterol, smoking, hypertension, and diabetes, in identifying high risk individuals
(23). Although progress has been made in the management of the conventional risk
factors, obesity and the metabolic syndrome have dramatically incieabedJSA

and other developed countries (4,49) and MetS is related to the increase in morbidity
and mortality of cardiovascular diseases (32). Recent studies have shown an
association between MetS and other clinical conditions including liver disease (50)
cancer (51) and sleep apnea (52).

2.1.1 Clinical Criteria for Metabolic Syndrome

One of the objectives of the World Health Organization (WHO) Action Plan for
the Global Strategy for the Prevention and Control of Non-Communicable Disease i
to develop simple strategies to identify high risk individuals, and suitable and cost
effective interventions (53). The metabolic syndrome has been advocated as a
simplified screening tool and as a framework for the exploration and understanding
the pathophysiological association between metabolic abnormalitieéise
allows us to quantify the comparison between different risk levels (relakjeand
to predict chronic disease risk factors within populations. Also, this screening tool
facilitates comparisons between countries, guides clinical managdewsions, and
provides a public health message for the need to assess related risk fagtots (54
recent “Debate” report of a WHO Expert Consultation has recommended that the
metabolic syndrome be considered as a pre-morbid condition (54) rather than a
clinical diagnosis, and should thus exclude individuals with established diabetes or

known cardiovascular disease (CVD).

11



In the same line of preventative measures for CVD in particular and tlinica
management of high blood cholesterol and intensive treatment of patients with CHD,
the NCEP —ATP lll updated existing recommendations and added a new major
feature which focuses on the primary prevention in individuals with metabolic
syndrome. The preventive approach is to primary use intensified therapestydif
changes (1, 2), then drug treatment on the individual components if the lattek)fails (
Moreover, NCEP-ATPIIl recommended a complete lipoprotein profile (HDL
cholesterol, triglycerides, total, and LDL) screening once every 5 yaar
individuals 20 years or older, as opposed to the initial test for HDL and total
cholesterol alone.

Currently, there is no universally accepted definition of metabolic syndrome.
A number of independent organizations WHO (55), NCEP-III (32), the European
Group for the Study of Insulin Resistance (56) and the IDF (1) have proposed clinica
criteria for clinicians for identification of high-risk individuals and fesearch (30).
All groups agree on the core criteria of the MetS including dyslipidemia, opesity
insulin resistance, and hypertension (57). The most widely used clinicabdater
diagnosing the MetS are those proposed by IDF, and the NCEP -ATPIIl. Their
definitions include the risk factors listed in table I, and there is use ofafitfeut-off

points for the WC risk factor.
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Table | Clinical diagnosis of the metabolic syndrome based on criteria from the NCEP ATP
I1l, WHO, and consensus criteria for NCEP-ATPIIl and IDF

NCEP ATP
1 2 WHO" NCEP ATP Il 2 IDF #
Fasting blood >100 mg/dL IFG/IGT/T2DM >100 mg/DI (5.6 mmol/L)
glucose Or treatment of elevated glucose
If above 100 mg/dL (5.6 mmol/L),
OGTT strongly recommended but
necessary
Abdominal obesity
Cen >102 cm >0.90 WHR (or BMI>30 kg/nf) * Ethnicity specific
wC Europids> 94 cm
South Asians/Chinese90 cm
Japanese 85 cm
Women >88 cm WC >0.85 WHR (or BMI>30 kg/nf) Europids ,South Asians/Chinesé0
cm
Japanesg 90cm
Triglycerides >150 mg/dL  >1.7 mmol/L >150 mg/dL (1.7 mmol/L)
treatment for this lipid almrmality as
alternative indicator
HDL Cholesterol
Men <40 mg/dL  <0.9 mmol/L <40 mg/dL (1.03 mmol/L) or drug
treatment for reduced HDL-C
Women <50 mg/dL  <1.0 mmol/L <50 mg/dL (1.29 mmol/L)
Blood pressure >130/85 mm >140/90 mm Hg >130/85 mm Hg
Hg Treatment of previously diagnosed
hypertension
Microalbuminuria - Yes -

Abbreviations: BMI, body mass index; HDL, high-diéndipoprotein;  WHR, waist-to-hip circumference
IFG, impaired fasting glucose; IGT, impaired gluedslerance; T2DM, ratio

type 2 diabetes mellitus; NCEP ATP lIl, NationaldRsterol Education ®*Three or more criteria.

Program Adults Adult Treatment Panel Ill; WC, waistumference; b FG/IGT/T2DM plus>2 criteria.
WHO, World Health Organization.

According to the WHO definition of MetS proposed in 1998, MetS is
diagnosed on the basis of insulin resistance as defined by impaired fasting glucose,
type 2 diabetes, or glucose intolerance plus two additional risk factors. Theisitker
include high body mass index or waist-to-hip circumference ratio; elevatschpl
triglyceride; decreased plasma high density lipoprotein cholesterol;tegpem; or
elevated urinary albumin (58).

The International Diabetes Federation (IDF), and the NCEP ATP Il
definition both consider that a person with MetS has at least 3 of the 5 metabolic

abnormalities: elevated triglycerides, low HDL cholesterol, hypsita, elevated
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fasting blood glucose or impaired fasting glucose or type 2 diabetetus)edind
ethnic specific abdominal obesity (2,29,57). Individuals on medication for high blood
pressure, type 2 diabetes, and dyslipidemia are included in the diagnosis of MetS (1)
The most recent (2003) fasting blood glucose of 5.6 mmol/L or 100 mg/dL was
adopted by both IDF and NCEP —ATPIIl. However, the shortcoming of this new
definition of impaired fasting glucose is that it would not capture a substantial
number of individuals with impaired glucose tolerance as the oral glucose teleranc
test (OGTT) is not required (59). Other components commonly observed among
individuals with MetS such as inflammatory and thrombotic markers, hyparuace
and microalbuminuria have been suggested to be included in further studies as criteria
of the MetS (60).

Concerning the WC, IDF recommends a threshold forx\8@ cm for men
and> 80 cm equivalent to a BMI of 25 kg/m? for women of European origin. Ethnic
specific WC thresholds included in the IDF definition were based on data linking WC
to diabetes status for Asian Indians, and WC to obesity related multiple risksfact
for other Asian populations (61-63). In contrast, the AHA/NHLBI recommends the
WC > 102 cm an@ 88 cm values for men and women, respectively, to define
abdominal obesity. The latter values are consistent with the definition of abdlomina
obesity found in National Institutes of Health obesity guidelines (64), and are
equivalent to a BMI of approximately 30 kg/m2. The NCEP-ATPIII recognizés tha
some male patients may be genetically predisposed to insulin resistance aed ca

diagnosed with multiple metabolic abnormalities when their waist circemderis
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only marginally increased (94 -102cm). As a result, they should be targeted ¢ge chan
life habits (2).

In an attempt to unify the criteria, a 2009 meeting of the IDF, NHLBI,
American Heart Association, World Heart Federation, International Adblenmsis
Society, and the International Association for the Study of Obesityadaoh
agreement that both the IDF and NCEP-ATPIII consider as alternativi Met
indicators drug treatment for elevated fasting glucose, triglycerideod pressure
and for reduced high density lipoprotein cholesterol (HDL-C) in their definit@®)s (
They also approved that there should not be an obligatory component and waist
circumference should continue to be a useful preliminary screening tool (29).
Additionally, recommendations were made that a single set of cutoff watudd be
implemented for the components of MetS except WC for which further research is
required. For the WC, it was recommended that the IDF WC cut off values be used
for non-Europeans until more data is available. For people of European origin either
the AHA/NHLBI or IDF should be used. Further cross-sectional and longitudinal
studies were recommended to explore the relation of WC thresholds to metakolic r
factors for both CVD and type 2 diabetes, and to reach more reliable WC cut off
values for different ethnic groups, especially for women. Meanwhile, national and
regional cut off values for WC would continue to be in use and three out of the 5
MetS criteria would qualify an individual as having metabolic syndrome (29).

Despite the many advantages of the MetS to identify people in both the
community and clinical settings at increased risk of CVD and diabetes (1); in

predicting CVD morbidity, CVD mortality, type 2 diabetes and all-causeartaiity
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(38); and in guiding relative risk prediction and management decisions, the concept
has been subjected to criticism for the lack of agreement upon a single unifying
pathophysiological mechanism. Other denunciations include the omission of some
risk factors for predicting diabetes and CVD (e.g., direct measure of insulin
resistance, family history, C - reactive protein), and lack of establigietactor

cutoffs across different populations (65). The concept has not been widely adopted in
formal diagnosis and national guidelines for the prediction of DM and CVD. In 2008,
however, the Japanese Government initiated a national screening program using the
MetS as the point of entry in identifying people at high risk, who can benefit from
intervention to reduce CVD risk (66). The recent publication of a consensus statement
on the definition of the MetS, representing the views of six major organizations and
societies, may prove to be a pivotal point in the development of the MetS as a tool for

clinical and public health use (67).

2.1.2 The Prevalence of Metabolic Syndrome

Studies have shown that the prevalence of MetS differs between genders, and
among ethnic groups and countries. The condition is becoming increasingly common
in many populations in developing world, and among younger age groups including
overweight/obese adolescents (68,88terences in genetic background, diet, levels
of physical activity, population age and sex all influence the prevalence of tBe Me
and its components (577he MetS prevalence estimates, using different definitions,
have been often found to be similar in some populations; however, in others, rates

vary from one ethnic group to another (70,71).
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The NHANES 1988-1994 data shows that the age-adjusted prevalence of
MetS, based on ATPIII criteria, was 24% in the adult US Population (2). Based on
NHANES lll and NCEP-ATP llI criteria, the MetS affects 47 millioropée in the
United States, with the highest rates observed in Mexican American women and the
lowest rates observed in African American men. The age-adjusted prevalence
MetS was 21.6% among African Americans and similar to that of the overall US
population (23.7%). However, African American women presented with higher MetS
occurrence of 25.7% than their male counterparts of 16.4% (Figure 2) (72). It has
been observed that the higher prevalence of MetS, among African American women,
is mainly related to the disproportionate rates of high blood pressure, overall obesity
and type 2 diabetes. The data based on NHANES 1999-2000 has shown a statistically
significant increase in age-adjusted national prevalence of MetS from 24% to 27.0%,
with higher increase particularly observed among women. Increases in éigh bl
pressure, waist circumference, and hypertriglyceridemia accounted ¢brahthe
raise in MetS (87).

FIG.2. Age-adjusted prevalence of three or more risk factors for the etabolic
syndrome among US adults.
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In a succeeding study that used the NCEP and the revised IDF 2005 definitions
with elimination of WC as a requirement for the diagnosis of MetS, the pregalénc
any 3 of 5 risk factors were estimated among US aduld years of age from
NHANES 1999-2004 data (12). For the NCEP definition, the unadjusted prevalence
of MetS was 35.5% for women and 34.8% for men. For the revised IDF definition,
the prevalence was 38.3% and 41.9% respectively in women and men. With the use
of NCEP ATPIII higher WC cut points (102cm), a lower proportion of individuals
were diagnosed as having MetS compared to the revised IDF 2005 lower WC
threshold. African Americans had the lowest age-adjusted prevalence of MetS
(24.5%) compared to African American women and other ethnic groups (>35%).
Additional data shows that in the USA, the metabolic syndrome is very common, and
an estimated 44% of the adult population over 50 years of age met the NCEP criteria
(35).

A recent study on racial differences in kidney function among 37,107 males with
BMI > 30 kg/m? and metabolic syndrome (73), found that European Americans were
more likely to have MetS components. Hypertension was 87.1% vs. 84.8%,
dyslipidemia was 81.6% vs. 66.7%, and diabetes was 42.7% vs. 34.9% in EA vs. AA
respectively. However, African Americans men were more likely to have rmlahor
microalbuminuria levels (73).

2.2 Insulin Resistance
2.2.1. Insulin and Macronutrient Regulation
Insulin is an important hormone and its binding to the receptor on the liver,

adipose and skeletal muscle cells, initiates activation of the downstreaningjgnal
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molecules and pathways that mediates the effects of insulin on glucose, pitein, |
metabolism and cell division, differentiation and growth (74,75). Insulin regulses
whole body glucose homeostasis by promoting glucose uptake in the muscle, adipose
tissue, and inhibiting glucose production through the process of glycogenolysis and
gluconeogenesis in the liver. For the regulation of lipid metabolism, insulirasese
esterification of free fatty acids and fatty acid synthesis. Insldmraduces hormone
sensitive lipoprotein lipase activity that result in decreased lipolysidrae fatty
acid in the circulation, and inhibits the rate of Apoprotein B and very low density
lipoprotein (VLDL) synthesis in the liver (76). It is also evident that insuliresses
protein synthesis and DNA replication by regulating the amino acid uptake and
decreasing proteolysis (77).

In insulin resistance, the normal production of insulin does not lead to normal
insulin response. As a result pancreatic beta cell secretes more insolinpgensate
for the hyperglycemic status commonly observed among individuals with MetS and
type 2 diabetes. Animal and human studies have suggested that hepatic insulin
resistance is the underlying cause of the MetS (78) and its related neetabol
abnormalities, namely dyslipidemia, and increased inflammatory $actor

2.2.2 Insulin Resistance, Central Obesity, and Metabolic Syndrome

Series of metabolic studies have revealed that increased adipose tissue is

associated with high levels of free fatty acids and insulin resistance (28l{F@ugh
visceral fat depots account for a low percent of total body fat, for instancen15% i
obese men (80), subjects with large visceral fat present the most sevdrelimatk

profile and insulin resistance state (81,82). Studies have demonstrated that the
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inflammation status associated with the increased secretion of adipokimesxcess
adipose tissue (49), and the alteration in free fatty acid metabolism anesithviol
insulin resistance pathogenesis by disrupting the insulin signaling c48Gz8i).
This defect in post-receptor signaling has been indicated to be the primagy€aus
reduced insulin sensitivity of targeted tissues (85). Consequently, insugitanes is
then characterized by skeletal muscle and liver insulin resistancel @s e beta-
cell abnormalities (86), essential elements in the pathophysiology of typbeteash.
Additionally, insulin resistance is associated with an increase in adipsse tis
lipolytic rate, which plays an important role in pathogenesis of dyslipidemia
associated with MetS (49) as discussed in the subsequent paragraph. Among obese
individuals, the increased plasma insulin concentration lacks the ability to
compensate for insulin resistance in adipose tissue, and these subjects ptksent wi
high basal lipolytic rates and plasma NEFA concentrations (72). Insulitaress
can also cause vasoconstriction and renal sodium reabsorption, leading to high blood
pressure (49).
2.2.3 Insulin Resistance and Dyslipidemia

The atherogenic dyslipidemia in patients with MetS consists of a reduced
level of high density lipoprotein cholesterol and elevated serum triglyseride
(2,72,88). Although not cited as criteria for the diagnosis of MetS, other lipoprotein
abnormalities associated with insulin resistance and increased C\ViDdligtte an
increase in small low density lipoprotein particles, apolipoprotein B, $hill

particles and postprandial accumulation of triglycerides rich remnant proteins
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(29,89,90). They have also been shown to be associated with increased CVD risk (91-
94).

In a normal state, the hydrolysis of triglycerides to fatty acids el in
fat cells is a process regulated by several hormones and parahormones tich ac
cyclic adenosine monophosphate (c-AMP) formation or breakdown. In turn the c-
AMP influences the activity of hormone sensitive lipase (HSL), which stinsulate
hydrolysis of triglycerides. The rate of lipolysis is highest in the véd@atipose
tissue (VAT), intermediate in the subcutaneous abdominal fat, and low in the
subcutaneous gluteal/femoral region (95).

The alteration of free fatty acid metabolism condition is characterized by
adipocyte resistance to the antilipolytic effect of insulin and the immeait of FFA
esterification (96, 97). Thus, the excessive non-esterified free fadty @EFAS)
from the lipolysis of fat cells alter the ability of insulin to (i) stimelatuscle glucose
uptake, (i) inhibit hepatic glucose production - contributing to impaired glucose
tolerance (98,99), and (iii) diminish the hepatic insulin clearance as discasked e
Additionally, increased free fatty acid, mainly released from viseglipocytes into
the portal vein then to the liver, leads to an increase in hepatic secretion of
triglycerides rich lipoproteins (VLDL) (23,100-101), in elevated plasméytigides
concentration (102), in decreased hepatic degradation of apoprotein B and insulin -
resulting in hyperapolipoprotein B and hyperinsulinemia. The lipid deposition and

hepatic lipase in the liver are also increased (Figure3).
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Figure 3: Altered Lipid Metabolism and Insulin Resistance
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The high concentration of triglycerides rich lipoproteins, as seen in
individuals with high visceral fat, enhances the transfer of triglycerrdes ¥LDL
to LDL and HDL, in exchange for cholesteryl esters. The effect of theaisede
cholesteryl ester transfer protein (CETP), in obesity, on the transfer ekl
esters is presented in Figure (4).This process results in LDL and HDUgsahigh
in TG, which are subject to lipolysis by the hepatic lipase enzyme. The iedreas
activity of this enzyme, in viscerally obese patients (23), enhances thatimn of
cholesteryl ester depleted small LDL and HDL patrticles. This igllargsponsible
for the observed higher clearance of HDL and its decrease in plasma fouetSin M

condition (103). The discussed pattern of dyslipidemia characterized by thdee li
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abnormalities: increased plasma triglyceride levels, decreaseecH@éesterol
concentrations and the presence of small, dense LDL patrticles are atsedréh as
the “atherogenic lipid triad”. They are observed in individuals with MetS or2ype
diabetes (104). It has been suggested that the clinical importance ofcittgatic
lipoprotein phenotype probably exceeds that of LDL-cholesterol, due to many more
patients with coronary artery disease that are found to have this trait tha
hypercholesterolemia (105).

Figure 4: Mechanisms of cholesteryl ester transfer protein
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It has been suggested that the role of the insulin resistance and abnormal fat

distribution may vary depending on ethnic group (57). Hyatt et al., 2009 study in
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premenopausal, healthy and overweight women, showed that African Americans are
more hyperinsulinemic than European Americans, independent of obesity, fat
distribution, and inflammation (106). The insulin resistance in AA has been reported
to be highly associated with subcutaneous adipose tissue, thus the overall body
fatness could be the important mediator in disease proce$87Bamong African
Americans men and women.

Although issues have been raised concerning the absolute cut points of plasma
TG and HDL —C proposed by the NCEP-ATP llI, there is ample data suggesting that
these atherogenic dyslipidemia criteria are characteristic ofnngsgistance and
highly predictive of CVD risk, and their treatment lead to a decrease in incidence
CVD (108). In general, the distribution of triglycerides, HDL-C and TG/HDtatio
appear the same between adult US males and females. However, Africanakis
have lower levels of triglycerides and small LDL particles than H®), and AA
men have higher levels of HDL-C than their EA counterparts (28). Among females
AAs seem to have similar or lower triglyceride concentrations and cobipat8L-
C concentrations to EA females (20,110). The coexistence of insulin resistance and
lower levels of triglycerides in AA has been associated with the lack offdat ef
insulin resistance to hinder the increased lipoprotein lipase activity taloged i
(20).

Stein E. et al. 2007 reported that among a sample of African Americans, only
10% of the sample (n=185 non diabetic AA 30-50 years of age) had T&®
mg/dL. Individuals with TG levels of 110-149 mg/dL (>110mg/dL) presented insulin

resistance equivalent to that of the high - G50 mg/dL group and concluded that
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the TG levels below the current ATPIII MetS cut off value are assatiaith insulin
resistance. The authors suggested that a TG vaki@ ® mg/dL increased the
detection of the MetS at different levels of insulin resistance (21).

2.2.4. Insulin Resistance, Adipokines and Atherosclerosis

The adipose tissue stores and releases energy rich fatty acids, and it is now
recognized as an important secretory organ of bioactive proteins, namely ae§oki
Increased abdominal obesity with a predominance of visceral adipose gissue i
associated with an increase rate of lipid metabolism and adipokines secretion tha
subcutaneous fat. The cytokine molecules produced by the adipose tissue, although
many of them are produced by other cells and tissues, include interleuki®)$ (IL-
angiotensinogen, resistin, plasminogen activator inhibitor (PAI-1), and tummsisec
factor-a (TNF-a). Leptin and adiponectin are exclusively produced by adipose tissue.
In contrast to other adipokines, the levels of adiponectin, an anti-inflammatory and
insulin sensitizer are decreased in obese individuals (112).

The rise in plasma level of the proinflammatory cytokines secreted bysadip
tissue (TNF-, IL-6, and leptin, PAI-1, angiotensinogen, resistin) as well as acute-
phase proteins such as c-reactive protein (CRP) increases along vadsingr
adipose mass. It is more evident that this state of chronic inflammation may
contribute to the chronic illnesses associated with obesity, namely atbersis;
dyslipidemia and insulin resistance (113). Additionally, CRP is emergiag as
independent and strong predictor of cardiovascular diseases (114,115).

Adipokines play crucial roles in the development of atherosclerotic plagues

and insulin resistance (Figurel). The adipokines raise the migration and attachment
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monocytes in the blood vessel wall and their conversion into macrophages. The
macrophages phagocytose oxidized LDL resulting in formation of lipid laden foam
cells. As the foam cells accumulate in the vessel wall, they formsag¢tgks which
develop into atherosclerotic plaques (116). Adipokines have been show to contribute
to the increase release of non-esterified free fatty acids (NEBAS high levels of
adipokines and NEFAs from the excess adipose tissue lead to insulin resistance
(117,118). The tumor necrosis factoadipokine down regulates the insulin signaling
cascade, including the expression and translocation to the cell membrane of the
GLUT 4 glucose transporters. Thus, this results in impaired ability of insulin t
stimulate glucose uptake by muscles and adipocytes, (117) and the algylof
to suppress hepatic glucose production is impaired (119).

2.2.5. Insulin Resistance and Non-Alcohol Fatty Liver Disease

Non-alcoholic fatty liver disease (NAFLD) refers to liver damage rdwages
from simple fatty liver to steatohepatitis, characterized by advanaediftand
cirrhosis. NAFLD is defined by the accumulation of fat in the liver >5% per liver
weight with a minimum < 10 g daily alcohol intale0).Approximately 33.6%
cases of NAFLD have been diagnosed in a population based on a cohort study in the
USA (121). NAFLD is strongly related with insulin resistance and metabolic
syndrome (122). Waist circumference, TG level and insulin resistance have be
shown to be independently associated with NAFLD. The latter is the most frequent
reason of elevated liver enzymes in the USA among individuals diagnosed with 2
diabetes, obesity and hyperlipidemia (123). The excess fat deposition wethieals

been associated with increased free fatty acids delivery from adipassstistevated
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synthesis of fatty acid via the de novo pathway, high consumption of dietary fat, and
reduced clearance of VLDL patrticles (120).

Currently, the liver biopsy is the “gold standard” procedure to diagnose
NAFLD. Due to its invasive nature, the magnetic resonance spectroscapggma
and the computer tomography are used instead. There are no specific biochemical
markers for NAFLD, however, an increase of alanine aminotransfera3e (&
often used. Prospective studies have indicated an increase in gamma
glutamyltransferase (GGT) with NALFD and could be considered as a surrogate
marker of NAFLD (124,125).

2.2.6. Hypertension and Metabolic Syndrome

Approximately one in four persons in the United States presents with
hypertension, which is twice more common in adults with diabetes than others.
Obesity is possibly the common link between the two conditions; however, other
factors namely autonomic dysfunction and insulin resistance may also be involved
(127-129). Insulin resistance has been proposed as a strong predictor for the
development of hypertension (130). It has also been documented that patients with
hypertension vs. those without it, have higher proportional frequency of some
established cardiovascular risk factors, namely obesity, BMI, and famttyry of
coronary artery disease. There is emerging evidence regardiragiansip between
C-reactive protein (CRP) and hypertension (131).

Elevated blood pressure contributes to microvascular and macrovascular
complications, and to prevent those risks, reduction in blood pressure has been

suggested. Guidelines from the American Diabetes Association and NatidnalyKi
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Foundation recommend that blood pressure be reduced to less than 130/80 mm Hg,
with an optimal target of below 120/80 mm Hg in individuals with renal insufficiency
and proteinuria (132,133). A new category of hypertension classification has been
introduced by the 7th report of the Joint National Commission (JNC-7) on High blood
pressure. systolic blood pressure between 120-139 mmHg or diastolic blood pressure
that ranges between 80-89 mmHg are indicative of prehypertension, which is a
strong predictor for the development of hypertension (134). Subjects with
prehypertension have clinical characteristics of insulin resistance syma@rmhtend

to be more obese, have higher levels of fasting triglycerides and fasting lasal

> 12.2pU/mL, an established marker for IR (130).

Studies demonstrate that there are striking hypertension disparities among
ethnic groups. High blood pressure is more common in racial/ethnic minority groups
than in European Americans and the consequences of hypertensioniiekdses
are greater in these groups, particularly in Afridamericans. African Americans
develop hypertension at an earlier age and the overall mortality owed to high blood
pressure and its consequences is 4 to 5 times more likely in AA than in EA (135).

This is due to a combination of genetic and mainly environmental factors.

2.3 Abdominal Obesity
2.3.1. Waist Circumference and Metabolic Syndrome
In epidemiologic studies, WC is used as a simple measure of total abdominal
size, and is considered as a valid marker of visceral fat (13), with threshold®that ar
gender and ethnic-group specific whenever available (29). Waist circuntdeise

useful beyond the information provided by the BMI, and helps to identify the
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subgroup of overweight/obese likely characterized by a greater accumulfti
abdominal fat — the high-risk obesity phenotype (136). The WC is influenced by body
composition, adipose tissue distribution, and body weight (3). Relationships between
gender, sex hormones, parity, menopause, and age with WC have also been noted
(137,138). Based on NHANES data, the WC is larger in adult males than females
except among AA (139), and larger in older adults (60-69 years) compared to
younger adults (20-29 years) up to the age of 70 ( 140). Accumulation and
redistribution of fat from subcutaneous to visceral fat have been observed from late
middle age (141) and there seems to be a preferential accumulation of Vetceral
post- pregnancy (142). Other factors such as smoking and alcohol consumption have
been found to be independently associated with increased WC in a longitudinal study
(143).

Waist circumference has been determined to be better correlated with the
abdominal visceral fat, estimated by computer tomography (5) than eitHesrBM
WHR (8,139,144), and visceral fat has been shown to be more metabolically active
than other fat stores. Visceral fat is highly associated with metalbolaraalities
including glucose intolerance, hyperinsulinemia, hypertension, high LDL, high
triglycerides, and high total cholesterBecently, Non-Alcohol Fatty Liver (NAFL)
has been identified with respect to elevated metabolic risk (145). Consequegdly, la
WC likely reveals increased NAFL and visceral adipose tissue (VAT). The W
ability to provide a crude but effective measure of intra-abdominal fat h&seot
observed in all subjects. However, in the presence of an increased waist

measurement, high levels of fasting triglycerides may constitubepdesbut useful

29



marker of the inability to store the extra energy in subcutaneous adipose (issi)es
There is now evidence that the simultaneous presence of a high WC and fasting
triglyceride levels, described as hypertriglyceridemic waist, beag first step
approach to identify a subgroup of individuals at higher risk of having features of the
MetS such as atherogenic metabolic triad (high apolipoprotein B, small LDL, and
hyperinsulinemia) (146).

Increasingly, studies have reported ttexttral obesity is a more powerful
predictor of chronic diseases, mainly hypertension, type 2 diabetes, anddeysigi
than overall obesity estimated with B{#,147-148)The abdominal obesity is
highly correlated with insulin resistance and strongly correlated with tiee btetS
components than any other metabolic risk factor (33, 28hng equally
overweight or obese individuals, those characterized by an increase waist
circumference are at increased risk of Type 2 diabetes and CV] (iddpendent
of the risk predicted by increased BMI. Furthermore, it has now been documented in
prospective and case-control studies that individuals with a normal BMI,
nevertheless, characterized by an excess visceral adipose tissubelfeatres of
the MetS and have a two to three fold increase in CVD (152,¥a8pus studies
have also shown that the association between WHR or waist to height ratio (WTR)
and impaired glucose metabolism of type 2 diabetes was associated withvizgie
circumference and smaller hip or thigh circumferences (154,155).

With the development of imaging techniques to accurately estimate abdominal
adiposity and to discriminate subcutaneous fat from visceral, several stugies ha

shown that central fat accumulation accompanied by an excess of intra-addomina
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adipose tissue is predictive of the features of the MetS (33,156), and the studies
confirmed that individuals with an excess of visceral adipose tissue are ehaealct
by the most severe metabolic abnormalit®s Conversely, other studies found that
subcutaneous abdominal fat is more closely related to insulin resistance teaal vis
fat (80,107).

The hypotheses relating abdominal fat stores to the MetS focus on the
established and emerging understanding that visceral adipose tissuecingragia
source of tumor necrosis factor-alpha (ThFand of FFA directly released into the
portal vein, that impair insulin action in skeletal mus&&7)). In addition, excessive
adipose tissue is associated with a decreased production of adiponectin which may
impair insulin sensitivity (158). The adiponectin is an adipose specifizgenitlike
molecule, which has been found to have anti-atherosclerotic, antidiabetic, and anti
inflammatory functions. However, much work remains to be done to elucidate the

complex interactions between central obesity and other MetS risk fats®)s (

2.3.2. NCEP-ATPIII and IDF Adopted WC Cutoffs

Waist circumference cutoffs are unrelated to height and age, and closely
related with total body fat and BMI (3,281,147,160). The waist circumference values
were originally determined based on a study of Europeans relating WC toBMI
identify subjects that would benefit from weight management. A random sample of
men and women were recruited from the general population of North Glasgow and
their WC was measured mid-way between the iliac crests and the ldwdsie
cross tabulation between WC and BMpb&a25 kg/m? ang 30 kg/m?was assessed.

The sensitivity and specificity for WC cutoff values wetdsequently estimated.

31



For the BMI> 25 kg/m?, the WC were 94 cm and 80 cm, respectively, for men and
women. Corresponding WC for the BMI30 kg/m? were 102 cm and 88 cm. Both
action levels of WC showed high sensitivity (>94%) and specificity (97%) for
identifying individuals who required weight management. The lower WC thresholds
of 94 cm and 80 cm represent the cut points at which health risk were increased
especially for young men. The upper WC cut off values of 102 cm and 88 cm
coincide with the points at which the overweight related arthritis symptomsgasd si
of breathlessness started to develop (144).

The cut-points for central obesity adopted in the USA by the National
Institutes of Health clinical guidelines for obesity are 102 cm for men and 88 cm
women. These cut points are employed by NCEP - ATP Il to define centrayobes
(2). In Europe, the WC of 94 cm in men and 80 cm in women are being used (57).
The issue of whether these cutoff points might not be appropriate for different ethnic
groups has not been settled, and the relationship between WC and BMI in Europeans
may not apply to other ethnic groups (7,13,108,161). In recent years, some countries
and organizations have estimated ethnic specific WC guidelines for instance f

Asians and central and south Americans (7).

2.3.3. Prevalence of Abdominal Obesity and Average WC in the USA
An earlier study (Osokun et al, 2000) using NHANES I1l data shows ethnic
differences in the prevalence of central obesity (102cm) across age growg®s 407
59, and 60-90). European Americans (EA) men had significantly higher prevalence of

central obesity (14.1%, 30.5% and 50.6%) compared to African Americans (AA)
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(5.5%; 11.7%, 37.6%). Among women, the prevalence of central obesity (88cm) was
50%, 57.8%, and 57.4%, respectively, in EA, AA, and Hispanic Americans (HA)
7).

A recent study, comparing ten year trends in WC and BMI in the USA, shows
that for both NHANES 11l (1988-1994) and NHANES 1999-2004, AA men have a
lower mean WC than EA (91.9 and 95.7 cm in AA vs. 96.3 and 100.9 in EA). Over
time, the difference in mean WC seems to have widened when comparing European
Americans to African Americans (e.g., 4.4 cm vs 5.2 cm in men). Conversely, among
females, the highest increase in mean WC was observed among AA (92.6 -98.4cm)
vs. the EA (88 -92.7 cm) and the disparity in mean WC increased from 4.6 to 5.7 cm.
Moreover, the ten year trends assessment in WC and BMI showed that the largest
absolute increase in mean of WC and BMI in the USA population was constantly
observed among the youngest adult (20-29 years), those aged 60-69, and AA females
(162).

2.3.4. Racial Differences in Visceral and Subcutaneous Adipose Tissue

Ethnic differences in the relationship of body fat and visceral adipose tissue
have been reported. At any level of total body fat, European Americans are more
prone to elevated visceral fat deposition than African Americans (163). In &g He
Risk Factors, Exercise Training, and Genetics (HERITAGE) study of 7Zhiend
sedentary AA and EA adults, Despres et al., 2000 observed an average VAT of 109
and 74 cm? among EA men and women respectively, while the corresponding
numbers were 74 and 67 cm? for AA. Within the African American group, despite

higher total body fat among African American women than men, there wanderge
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difference in absolute amount of visceral fat, and women were less prone talviscer
fat accumulation than were men. Although both AA and EA men had similar body fat
mass and BMI, EA showed significantly higher VAT than AA men. Among women,
both EA and AA groups had similar levels of VAT. However, AA women had higher
BMI, body fat, subcutaneous fat, body weight, WC, and %BF than their EA
counterparts. Other studies have also reported that AA women had lower amounts of
VAT for a given waist circumference, BMI, or waist to hip ratio (WHR) than E

women (L64,165.

The findings comparing AA and EA were confirmed in a recent small sample
study among both men and women from AA and EA. Although age, BMI, WC,
WHR, and sagittal diameter did not differ among groups in either men or women,
VAT was significantly lower in AA men and women (174). In addition, similar or
greater concentrations of selected inflammatory biomarkers (fibrinod?, IC -6)
were observed among AA. The researchers also found that SAT was more
consistently associated with inflammatory markers after controllingde, and
VAT; suggesting a relationship between increased rates of inflammation atedl rel
diseases, including insulin resistance and type 2 diabetes. Further regearch
recommended to assess the generalizability of their findings in a langelesaf
different age, health status and locations.

2.3.5. Estimated WC among African Americans

In the Sumner et al., 2008 study, the authors determined the WC in African

Americans which would best predict the insulin resistance (IR) based otivzelhgla

small, convenient sample of healthy individuals 20-50 years old. Their focus was on
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the relationship of WC to insulin resistance (IR) and not MetS markers. Their
rationale was that due to close association of visceral fat with both IR anth&jC
could speculate that WC could be a marker of IR. Sixty eight men and 63 women
participated in the study and their WC was measured and a mean of three
measurements was recorded. WC and BMI cut-points that identified IR, aasvied

WC prediction of BMI were investigated. WC was examined at 2 cm increment from
> 80 to> 108 cm. The WC thresholds that optimally predicted the IR were 102 cm in
men and 98 cm in women. This study did not consider all the MetS risk factors, and
suggest a different WC for women. This study could not show that those individuals

with WC consistent with IR were at highest risk of MetS (13).

Other studies have also suggested different WC cutoff values. Diaz et al.,
2007 examined the differences in the prevalence of diabetes and its association wit
WC, WHR, and BMI in different ethnic groups for adutt0 years of age, using
NHANES 2003-2004 and Health Survey for England data. Unweighted samples were
used. The data was stratified into two age groups (< 4@ d0dyears) as above 40
years there is an increased risk of developing diabetes. The sample of indiziduals
40 years who had diabetes was too small to predict the WC cutoff values for this
group. The optimum cut points predicting diabetes among aeldlisyears old was
108.9 cm (42.9 in) for AA men and 104.6 cm (41.2 in) for AA women. In terms of
BMI the cut points were 31.7 kg/m2 for men and 27.7 kg/m2 for women (14).

Okosun et al., 1999 utilized the NHANES Il data to assess the ability of the
NCEP ATPIII WC cut points of 102cm and 88 cm in predicting correctly

dyslipidemia, type 2 diabetes, and hypertension in only overweight adults (BMI 25-
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29.9 kg/m?) who were 20-90 years of age. WC had been measured at midpoint
between the rib and the top of the iliac crest. The other metabolic markers wer
defined as: total cholestera240mg/dL; HDL< 35 mg/dL; LDL-C>130 mg/dL,;
triglycerides> 200mg/dL; fasting blood glucosel26 mg/dl or use of hypoglycemic
medication or insulin; a 2 hour post load oral glucose tolerance test >200 mg/dL,;
systolic blood pressure 140 and diastolic blood pressu¥®0 or current use of anti-
hypertensive medication. The analyses were performed by age groups including
young (17-39), middle age (40-59), and elderly (60-90years). Among AA men the
sensitivity of the 102 cm was only elevated for the LDL (46-80), and lowehndor t
other metabolic risk (20-<40). However, sensitivity tended to increase with age.
Given the low sensitivity of the WC measures, the study recommends furthes studie
to determine the specific WC cut-points by ethnic group (15).

Another study from Okosun et al., 2000 examined the abdominal fat or WC
values associated with the established BMI cut off points for ovwgintvand obesity
among individuals 17-90 years, using NHANES III data. Linear regresanalysis
was carried out to estimate the gender and ethnic specific W&ponding to 25-
29.9kg/m? and> 30 kg/m?, also a ROC curve technique was run to determine WC
corresponding to BMI cutoff values specified above. The results 8radvAA men
had similar BMI and mean weight compared to EA, but AA women lgadfisiantly
higher BMI and mean body weight than their EA counterparts. A&A and women
had lower WC values at given levels of overweight and obesitytheéooverweight

individuals, the authors recommended the WC of 86-87 cm and 91-92 cm,
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respectively, in women and men. The analogous values for obesiey9¥ cm for
women and 101-103 cm for men (17).

Zhu et al., 2005 assessed the WC cut off values for identifying one or more of
the three cardiovascular disease risk factors in different ethnic grosgs da
NHANES lll data. The risk factors were defined as high blood pressure-3B@
mmHg and DBR> 90 mmHg or current use of anti-hypertensive medication; high
plasma glucose > 125mg/dL or use of medication; dyslipidemia : Low HDL < 35
mg/dL for men and < 45 mg/dL for women, and LDL concentrattoh60 mg/dL or
currently on hypercholesterolemia medications. The WC corresponding to
conventional BMI of 18.5, 25, 30, 35, 40 kg/m? with one or more CVD were similar
in AA, EA and Mexican American women and were 70, 83, 94, 104, and 115 cm
respectively. The equivalent values in men varied among different ethnic groups. The
WC cut offs were 5-6 cm higher for EA than for AA at every BMI level between 25
40 kg/mz2. The authors also estimated the WC corresponding to 25 and 30 kg/m? when
one or more Metabolic syndrome parameters were present. Among overweight AA
the WC were 86 cm for men and 83 cm for women, while for obese individuals the
estimated WC were 97 cm for men and 91 cm for women (16).

Based on the above studies, some age categories and/or non-overweight or
obese individuals with high WC and increased MetS risk were excluded from the
analysis. There is need to identify WC on the basis of their empiricabrelaith
obesity related metabolic risk factors, rather than WC values that ideutidyfc
values corresponding to BMI from Europid populations. Additionatiyooth females

and males, WC increases with age largely due to gain in body weight and the WC are
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also seen with aging in the absence of weight gain. As the age increasessko do ri
factors of chronic ilinesses, thus, an assessment of the need for age ¥p€cific
cutoffs in adults will be carried out in consideration of disease risk factapdge

to (1) investigate the sex specific optimal waist cut points which best yentif
individuals with metabolic abnormalities consistent with the metabolic syrdrom
among African Americans 20 years old independent of BMI cutoff values; (2)
evaluate which WC cutoffs are appropriate among the different cutoff points,
including those proposed by the NCEP and IDF; (3) determine the gender specific
cutoff values of BMI in relation to multiple metabolic risk factors amongcafri
Americans; (4) identify the threshold values for waist circumference BHidBten-
year age groups (20-29; 30-39; 40-49; 50-59; 60-69; and 70+). (5) Compare the
discriminate gender specific cut off values of WC and BMI for detectinglbolta

risk factors between cases with and without elevated blood pressure. Raised blood
pressure is the most common component of the MetS among AA. We will assess if
the metabolic features differ between those who have raised BP and those who do

not.

2.4 Obesity
2.4.1. Body Mass Index Categories
Excessive body fat, overweight and obesity are associated with increased
mortality and morbidity (166). In the absence of simple methods to measure total
body fat, the assessment and classification of overweight and obesitypane elet
on practical definitions that have been established based on body mass index or

Quetelet’s Index which relates weight to height (weight/(kg)/heigkX s there are
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no established cut-off points for fat mass or % body fat to translate into cudioffs f

BMI, The WHO Expert Committee (167) and the 1997 WHO Expert Consultation

(161) reports led to the classification of the categories of BMI (Table).

CLASSIFICATION OF BMI

CLASSIFY ACCORDING TO

Principal cutoffs

Additional cut-offs

BMI Kg/m? BMI Kg/mz
BMI
NORMAL 18.50-24.99 18.50-22.99
23.00 -24.99
OVERWEIGHT >25.00 >25.00
Pre-obese 25.00-29.99 25.00-27.49
27.50-29.99
OBESE > 30.00 > 30.00
Class | 30.00-34.99 30.00-34.99
32.50-34.99
Class Il 35.00-39.99 35.00-37.49
37.50-39.99
Class Il >40.00 >40.00

Sources: WHO 1995, WHO, 2000 and WHO 2004.

The WHO recommends international use of the BMI cut-offs with awareness
that the health risk at a given BMI would vary in association with body build and
proportions, also within and across populations (161). Moreover, BMI cut-off points
should be interpreted in combination with other morbidity and mortality risk factors
(HTN, serum lipids, impaired glucose metabolism, type of fat distribution, smoking
disease etc...) (167) to limit the misclassification due to non-similar condmisubf
bone mass, muscle mass, and fluid to body weight (168).

The rationale behind the BMI definitions is based upon epidemiological data

that shows increased mortality with BMI above 25 kg/m? (167,169-172). The increase
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in mortality, however, appears modest until a BMI of 30 kg/m? is attained.
Individuals with a BMI of> 30 kg/m? have a mortality rate from all causes, and CVD
in particular, 50-100 percent above those with normal range of BMI — 20-25 kg/m?
(167,171). These cut points were derived primarily in European populations to
correspond to risk thresholds for a wide range of chronic diseases and m7ajty

and there has been ongoing debate as to whether these criteria for obesity and
overweight are appropriate for non-European populations as they do not account for
difference in body fat distribution, and the relation of body size and composition with
health outcomes (25).

Some of the concerns have been that the cutoff points for overweight and
obesity considerably underestimate obesity related health issues aniamg As
populations and might overestimate risk in pacific populations (79), consequently the
BMI should be lowered for Asian, and BMI standards should be higher for the Pacific
Island populations (Samoa) than those recommended by WHO (174). In 2000, the
International Association for the Study of Obesity (IASO), the Interndt©@hasity
Task Force (IOFT), and the WHO proposed the cutoff points of 23 to 24.9 kg/m? for
being overweight and25.0 kg/m? for obesity in adult Asians (175). In 2002, the
WHO expert consultation reported lack of universal BMI values for overweight and
obese in all Asian populations. In an addition to the established cut-off points WHO,
the expert committee provided in 2002 new cut-off point28fkg/m? as increased
risk and> 27.5 kg/m?2 for high risk thresholds for public health intervention. (79).

Among African Americans, available cohort studies state that adiposity may

be a less important predictor of mortality among AA than among EA, eBpecia
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among women. In individuals who never smoked and without history of disease, the
association between a high BMI and elevated risk of death was observed to be more
moderate among AA men and women, a small increase in risk of death was found
only at BMI 35.0 or higher (176). Two large U.S. surveys — the NHANES and the
NHIS showed that the BMI-related to increased mortality begins at a 1 a3 kg
higher BMI level among African Americans than among European Anmstiddne

BMI associated with minimum mortality was 26.8 kg/m? for AA women and 27.1
kg/m2 for AA men compared to 24.3 kg/m? and 24.8 kg/m? in EA women and men
respectively (177). Among African American women, high BMI has been steghe

to be less hazardous to health (WHO 1995- 3) and central obesity may be less
strongly associated with CVD and DM risk factors among AA women compare to EA

(167).

2.4.2. BMI and Aging

Longitudinal studies have demonstrated the association of body fat gain with age
across cohorts with different age ranges. In general, the average Bé#saawas
largest in the younger subjects and African American women (mean age 2P year
This increase of BMI throughout the greater part of adulthood was related to the
increase in both muscle mass and body fat (3). In the Coronary Artery Risk
Development in Young Adults study of a young cohort (18-30 years), the average
increase in BMI over 10 years period was 2-4kg/m2 (178). Among African Americans
males and females, the increase was 3.2 kg/m?2 and 4.1 kg/m?, respectively.

Corresponding BMI increase among European Americans were 2.3 kg/m?2 g1 male
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and 2.4 kg/mz in females. In the Atherosclerosis in Communities study, the middle
aged 45-64 years group had a BMI increase on average 1kg/m2 and was larger in the
younger participants after 9 years of follow up (179).

BMI appears to increase with age until the 70 years of age and then isdaterse
older age (180). At older age, the changes in BMI are associated with tbasgein
muscle mass, and fat mass is often increasing (181). Other studies have shown a
decline in size of adipose depots with aging probably due to the reduced capacity of
pre-adipocytes to mature. This is accompanied by accumulation of fat outfidseadi
tissue such as in muscles, liver and other sites possibly leading to the dgsfofcti

those tissues (150).
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CHAPTER 3: RESEARCH DESIGN AND METHODS

3.1. Survey Description and Sample Design

The National Health and Nutrition Examination Surveys (NHANES) program
produces health and nutritional data on children and adults in the United States. The
program was initiated in 1960s by the National Center for Health StatistGidIN
which is part of the Centers for Disease Control and Prevention (CDC). Since earl
1960s NHANES has conducted a series of periodic surveys, however, in 1999, the
program was designed to become a continuous annual survey with evolving focus to
address emerging health and nutritional needs. The NHANES uses complex,
stratified, multi-stage, clustered samples of civilian, non-instiatdized populations.
Yearly, a nationally representative sample of about 7,000 individuals of all ages is
selected in households across the United States. African Americans, Mexican
Americans, adolescents aged 12-19 years, and persons éQegekars are
oversampled to generate more precise estimates for these groupaileddet
description of design specifications can be obtained elsewhere (182).

The survey consists of an interview in the household followed by a clinical
examination in a mobile examination center (MEC). The NHANES questionnaires
are administered using Computer Assisted Personal Interviewing (@A&the
Audio Computerized Self-Administered (A-CASI). The questions include
demographic, socioeconomic, dietary, and health-related questions. At the campleti
of data collection, the interview data files are transmitted electrbntoad central
survey database system. In mobile examination center, the examinations are

conducted by a physician and other highly trained medical personnel. The medical
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tests include physical examination, blood and urinary laboratory tests, X-rays, and
other health measurements and interviews. Detailed information on adnmigisteri
guestionnaires, examination instructions, specimen collection and processing, and
guality control systems are discussed in the Survey Operations Manuals ardtCons
Documents (183-186). NHANES studies undergo institutional review board approval
and the respondents sign a Household Interview Consent form prior to the start of the
interview. Other Consent/Assent and Parental Permission for the Examiridtien a
Mobile Exam Center and for Specimen Storage and Continuing Studies are

completed by participants as well.

3.2. Data Availability and Use of Sample Weights

The NHANES datasets and related documentations are available on the
following website http://www.cdc.gov/nchs/nhanes/nhanes_questionnaires.htm and
were downloaded for analysis. Data are released in two year cystzgdd as
NHANES 1999-2000, NHANES 2001-2002, NHANES 2003-2004 etc, and in
component-specific data files. For the analysis of data, 4 year cycles of t
continuous NHANES were combined, hence increasing the sample size and analytic
options. Variables included in this study were extracted from the demographic
examination, laboratory, and questionnaire data files. The variables wetedele
based on the waist circumference/BMI association with the metabolicraslites
as already discussed in detail in the literature review section. Thenseque
identification numbers allowed the extraction of variables of interest femin &f the
data files and were merged to form the final data set. The variables include age

gender, poverty income ratio, WC, BMI, MetS components, dietary variables, hepatic
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markers for nonalcoholic fatty liver disease, C - reactive protein and prdibtiam
state, microalbuminuria, and hyperuricemia.

During sampling, each participant did not have the same probability of
selection; there was large oversampling of adolescents aged 12-19 yeaes) Afri
Americans, Mexican Americans, low income European Americans and older persons
(187). Because of the complex multi-stage probability sample designntipdesa
weights were applied in data analysis to produce unbiased population estir@8)es (
These sample weights can be considered as measures of the number of persons the
particular sample observations represent in the population. They also reflect the
differential probabilities of selection and the adjustment for non-response and post-
stratification to match the 2000 U.S. Census population (187).

Additional aspects of the design that were taken into consideration in data
analyses are the strata and primary sampling units (PSUs) pairinghé&cantple
design. The strata were defined by geography and proportions of minority popsilat
and most strata contain two PSUs. The primary sampling units were normgliy sin
counties, with small counties combined to meet a minimum population size. The
PSUs were further divided into segments and a sample of households and individuals
are randomly drawn within each segment (Figure 5). The strata and pr@&serd the
sampling units and were used to produce unbiased variance and sampling error
estimates (214). Currently, the National Center for Health Stat(Bt{CkIS)
recommends the utilization of the Taylor Series Linearization methods {(®SL)

estimate variance in all NHANES surveys. Statistical software pasKaginstance
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STATA, SAS, SPSS and SUDAAN can all be utilized to estimate the variance by
TSL methods (189).

Figure 5: NHANES Sampling Procedure

Stage 1

Counties Stage 2
Segments

- Stage 3
B Households

Stage 4

Individuals

Source: NHANES

3.3. Statistical Analysis
3.3.1. Statistical Software Package
SAS 9.2 software was used to prepare data for analysis, including sorting,
extracting, merging, and assumptions testing of the data. STATA 10.1 or 11.1
versions were also utilized in data analysis and have advanced tools to manage

specialized data such as survey data with complex sampling structure (191).
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3.3.2. Study Sample

A Nationally representative cross-sectional sample of 4415 adults African
Americans civiliarn> 20 y were selected from the NHANES 1999-2006 data.
Participants with at least one missing parameter in anthropometric, bloodrpresss
metabolic criteria measurements were excluded from all analysesctSuhim
would have fasted less than 8 hours prior to blood tests were not included in the
analysis. Pregnant as well as subjects with cancer were also excludhepdduia
analysis.

3.3.3. Variables

Definition of multiple metabolic risk factors

In order to determine the WC/BMI among African Americans, participants
with two or more of the four NCEP-ATP Il metabolic syndrome criterigewe
defined as having multiple risk factors. The criteria include hyperglycé@asting
blood glucose 100 mg/dL or use of hypoglycemic medication); dyslipidemia
(Triglycerides> 150 mg/dL, HDL-cholesterol < 40 mg/dL for men and < 50mg/dL
for women, or current antidyslipidemia medication), and high blood pressure>(SBP
130 mmHg and or DBB 85 mmHg, or use of antihypertensive medication). We
considered the presence of multiple MetS risk factors as an outcomdevafitie
ROC analysis to obtain waist circumference cutoffs.
Anthropometric, laboratory measurements, and body composition

The NHANES weight, height were captured electronically from the unieas
instruments to minimize possible data entry errors. Experienced traimers an

observers monitored technician performance in the field. Standards procedures tha
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were followed for the anthropometric measurements have been reported in the
Anthropometry Procedures Manual and the Anthropometric Standardization

Reference manual (183). Body mass index was calculated using the weight (kg)
divided by the square of height (m?). Abdominal obesity (WC) was measured to the
nearest 0.1 cm using a steel measuring tape at the high point of the iliatucres

minimal respiration. Up to four blood pressure readings were measured using a
standard mercury sphygmomanometer, with a subject sitting on a chait éfsesta
five-minute rest. For participants with three or four readings, the avefale last

two was used to establish the blood pressure status. The reported average was used in
this analysis. When only two measurements were taken, the last one was used.

Details of the laboratory procedures for MetS components are discussed
elsewhere (190). Fasting blood glucose concentration was quantified using an
enzymatic reaction. HDL-C was estimated after the precipitation of ljpo@roteins
using a heparin-manganese chloride mixture. Serum triglyceride legsds w
measured enzymatically after hydrolyzation to glycerol. C reaptiotein
concentrations were measured by latex-enhanced nephelometry on a BN I
nephelometer (Dade Behring Inc., Deerfield IL).

The whole-body DEXA scans were obtained using a Hologic QDR 4500A
fan-beam densitometer (Hologic Inc, Bedford, MA). Pregnant subjectsexelweded
from scanning. A number of participants had missing valid DXA data related to
implants (pacemakers, stents, breast augmentation and hip replacementsheand hig
BMI levels. DXA scanner cannot penetrate much thicker than 15 cm adiposity and

some of the implants would have been appeared as dense bone and additional lean
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soft tissues. Because data were not missing at random DXA missing valges w
estimated. Multiple imputations (M=5) were performed usiaguential regression
multivariate imputation within 10 age-by-sex groups.

Supplemental Analysis Variables

Supplementary analysis was carried out to compare individuals with presence of
MetS and those without MetS in terms of dietary, serum nutrients, socio-economic,
lifestyle factors, inflammation and thrombotic markers, hyperuricemia,
microalbuminuria, hepatic biomarkers related to nonalcoholic fatty liveaseés
(NAFLD).

Dietary Variables

Dietary and lifestyle variables related to the WC and BMI was corsldéhese
include total Kcal, fat/saturated fat, carbohydrate, protein, fiber, and mlainds (vit
C, carotene, vit E, and selenium). Lifestyle factors included physicaltgcticohol,
and cigarette intake. Studies have suggested that the accumulation of eXuadgive
fat has been associated with increased oxidative stress, a potential éigdyonef
obesity associated metabolic syndrome (217). Thus, nutrition biochemistries of
antioxidants namely serum vitamin C, carotene, vitamin E, selenium were also
utilized during analysis and compared among individuals with and without MetS.
Socio Economic Variables

To assess the socio-economic status of a family, poverty income rat)o (PIR
education, and marital status variables were utilized. PIR values foNESA
participants were computed using the family income divide by the family’s

appropriate poverty threshold (US Census Bureau, 2007). A PIR value of less than
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1.0 is below the official poverty threshold while the PIRdf.00 indicate income

above the poverty level.

HEPATIC MARKERS FOR NAFLD: In the general population, all MetS

components have been shown to correlate with fatty liver, a characteristic of the
nonalcoholic fatty liver disease (NAFLD) (50). The latter has beendcthieehepatic
component of MS (192-194). Most cases with NAFLD present with an elevated
alanine aminotransferase (ALT) enzyme activity, thus ALT is used askanod

NAFLD (195). Recent studies have also indicated that gamma-glutamyktasesf

(GGT) is also associated with NAFLD, and ALT, GGT, and alkaline phosphatase
(AP) are strongly correlated to the prevalence of the MetS (194,195). The stronge
contributors for the association of MetS with hepatic enzymes have been shown to be
central obesity, elevated triglycerides and fasting glucose. For AP, liwH

cholesterol concentrations have been found with significant impact (197). The level

of ALT, GGT and AP enzymes were assessed in the study.

C-REACTIVE PROTEIN: is one of the measures of the body’s response to
inflammation from chronic conditions such as arthritis, and environmental exposure
to agents such as tobacco smoke. Also, the CRP reflects the acute phase response to
an infectious disease or other causes of tissue damage and inflammation. Cytokines
generated by inflammatory cells enter the systemic circulati@rerthey stimulate

the liver to release C - reactive protein. Levels of the inflammatorken@PR are
increased in subjects with MetS, and are associated with the individual components of
the MetS (198). Studies have shown that AAs have higher levels of CRP than EA.

The CRP levels have been shown higher in AA women than AA men, EA men and
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women with a median CRP of 3.5 vs. 2.1, 3.2 and 1.7 mg/l, respectively (199). The
significance was p <0.001 for each comparison to AA women.

PROTHROMBOTIC STATE: An increase in plasminogen activator inhibitor-1 and
coagulation factors, referred to as a prothrombotic state, tends to occur more
frequently in AAs. Fibrinogen is an essential blood-clotting factor andas al

involved in other functions including smooth muscle proliferation and platelet
aggregation. It is emerging as an important risk factor for CVD and thisinreeaas
included to assess its association with MetS syndrome. Fibrinogen levels have bee
found to be higher among African Americans than EA, particularly in subjedtsawit
family history of diabetes and CHD (200,201). However, fibrinolysis levels have
been found to be enhanced in African Americans (200) as well. In the NHANES data
fibrinogen values are available for participants aged 40 years and older.
MICROALBUMINURIA: reflects transvascular aloumin leakage related to
abnormalities of endothelial function (202). Microalbuminuria has been linked to a
great risk for future CVD and mortality, atherosclerosis, renal disaadall-causes

of mortality (203). Several studies have disclosed that MetS is independently
associated with an increased risk for chronic kidney disease and microalbaminur
(204,205). The prevalence of microalbuminuria increases with the number of
components of MetS, and particularly high plasma glucose, high blood pressure and
obesity have been shown to be the major risk factors for microalbuminuria (203). The
inclusion of microalbuminuria as part of MetS has been suggested in some studies
(203,206) and WHO definition of MetS include microalbuminuria as one of the

components.
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HYPERURICEMIA: It has been suggested as a simple marker of the metabolic
syndrome (207,209), and the serum urate increases with the number of components of
the MetS condition. Insulin resistance has been noted to induce the low excretion type
hyperuricemia (210) thus; the reduced renal excretion of urate among$uafitnt
the metabolic syndrome may explain the increased frequency of hperiaricem
Additionally, studies have shown that visceral fat accumulation has been found to
cause the hyper synthetic type hyperuricemia through elevated fatinfacx into
the liver (211,212).
3.3.4. Data Analysis

The distribution and normality of continuous variables was assessed and
necessary variable transformation applied. Basic descriptive stimstioding mean
values for general characteristics, anthropometric profiles, body cdroposilues,
and the 5 components of MetS were estimated by gender and age groups. Age was
grouped by ten year age categories starting from 20-29, and for older aduhs ag
years was top coded=af70 years of age. The age grouping was related to differences
in absolute increase in WC and BMI in the population (149). To assess differences in
the weighted values of means and frequencies between women and men, and
individuals with and without MetS, student’s t-test and Rao-Scott chi-squarvestest
carried out.

The receiver operator characteristics (ROC) curve analysis wésause
determine cutoff points of WC/BMI by gender and by ten-year age groups
corresponding to; (i) whether participants have individual BrMetS risk factors

defined by NCEP-ATPIII (except for WC) such as high blood pressure,
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hyperglycaemia, raised triglycerides, and low HDL-cholesterol; ana/iether
participants stratified by high blood pressure status ( raise BP >3B8 mmHg
and/or DBP> 85 mmHg and non-raised BP) hav@ MetS risk factors. ROC
analysis was also used, in addition to simple regression, to identify WC values
corresponding to the determined BMI cut-off values in comparison with WHO
overweight (25 kg/m2) and obesity (30 kg/m?) thresholds in both men and women.

The methods to identify optimum cutoff points of WC/BMI using sensitivity,
specificity, and the ROC curves were applied. These methods include the distance
from the upper left corner of the point on the ROC curve [(1-Sensitivity)? + (1-
Specificity)?] and the value of the Youden index (sensitivity + specifigity-1
213,214). Furthermore, other measures of diagnostic accuracy, such as the positive
predicted value (PPV), the negative predicted value (NPV), the total accanacy
the ROC curve area were considered. The above enumerated measures of accurac
can be defined as follows. Sensitivity and specificity for given cuéoséshe
probabilities of correctly identifying cases with a certain condition @eakie) and
true non-cases that do not present the condition (or illness) respectively. BV is
proportion of those with the condition among all individuals the test classified as
positive, while the NPV is the proportion of true non-cases among individuals
without the condition. The total accuracy is the sum of true cases plus non cases
accurately predicted by the tests expressed as a percentage of thenjolial243).

A measure of WC/BMI with maximum sensitivity and specificity, vihic
shows the minimum distance from the upper left corner of the ROC curve and the

maximum Youden index, correspond to the optimal cutoff points (2212-214). In the
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case of a WC with higher sensitivity and NPV, it was selected over anotiasure

with higher specificity when both measures have the same total accuracyedhe a
under the ROC curve (AUC) was used as a measure of the overall accuracy of
performance of the ROC curve and to examine the predictive value of WC/BMI for
MetS components. The AUC takes values between 0 and 1, where an AUC of 1 is a
perfect screen test. The null hypothesis that the AUC is equal to 0.5, which represent
a test equal to chance, will be tested. The additional AUC valge8.@fbut < 0.8>

0.8 but <0.9, and 0.9 have been suggested as reflecting the acceptable, excellent,
and outstanding levels of discrimination (216). Statistical tests for a caopari

AUCs within gender and all pairs of age groups was performed by the t-test and p
value < 0.05 will be considered statistically significant. The measures of di@gnos
accuracy from the study was compared with existing WC values such asHre NC
IDF and previous studies (13,17).

Furthermore, weighted means of MetS criteria, weighted proportions of
subjects with abdominal obesity and overall obesity, and weighted prevalence of
MetS were estimated using the proposed optimal cutoff values of WC/BMI and were
compared with the existing cutoff values from NCEP, IDF and WHO. T-test wa
applied to compare continuous variables, and chi-square test assessedrdredsfe
in categorical variables. Statistical significance was set at p ¥alu@5 for the t-test
and chi-square tests.

Logistic regression analyses was applied to estimate gender spddifiatio
of having MetS risk factors versus not having the risk factors for the estim&ted W

and BMI, controlling for covariates such as age, education, poverty-income ratio,
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diet, physical activity, smoking, alcohol consumption, CRP and menopausal status.
The WC and BMI reference values were set as the value below the estimatatdWC
BMI in question 3.1. Gender — specific and weighted Pearson correlation were run
between each pair of the BMI/WC, and body composition (fat and fat free mass)
variables and MetS components adjusting for age and anthropometric measures as
appropriate. Multiple regression analysis was used to examine the possiiidegari
that contribute to the variation in BMI. Variables witli0% missing data were
eliminated before running the regression analysis. Logistic regresamperformed

to assess whether there are significantly differences among AA meawwitin and
without MetS with respect to the selected predictors of MetS.

Statistical differences in environmental and health determinants that may
contribute to MetS among AA adults were assessed when comparing individuals with
and without metabolic syndrome. Unless otherwise mentioned, the appropriate
sample weights, stratum variable and primary sampling unit (PSU) vanabde

applied to all analyses to account for the complex design effect and non-response.
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Chapter 4: RESULTS

PAPER 1: NEW WAIST CIRCUMFERENCE CUT-OFFS FOR AFRICAN

AMERICANS ACCORDING TO THE CLUSTERING OF METABOLIC SYNDROME

RISK FACTORS, NHANES 1999-2006

Abstract

Background: Although central obesity is highly associated with metabgicitome
criteria, reliable cutoff values for waist circumference pretedent of BM' are still
lacking among African Americans.
Objective: The objective was to determine the gender specific cut-afegabf waist
circumference (WG)for screening African Americans, which optimally predict the
clustering of two or more metabolic syndrome risk factors.
Methods: The study consisted of 2136 females and 1908 males Africanidaner
participants in the NHANES (1999-2006) study. The metabolic syndrome
components were defined according to the NCEP/ATRtiteria. The WC values
for detecting the gender specific metabolic risk factorsewested using receiver
operating characteristics analysis (R&C)he Youden Index and the minimum
distance values from the upper left corner of the ROC curve wadcelated to
determine the WC thresholds with an optimal combination of sensiteuiy
specificity.
Results The mean age of subjects was 46 years ranging betweeny2@u&5with a

BMI of 29.9 (SE=7.4), in the range of 15.8-67.3 kg/m?, and a WC of 98.5 (SE=16.9),

! BMI- Body Mass Index

2 WC- Waist Circumference

¥ NHANES: National Health and Nutrition ExaminatiSarvey(NHANES)

* NCEP/ATIII-National cholesterol Education Programilt Treatment Panel I1.
® ROC-Receiver Operating Characteristics

56



in the range of 60.4-163.1cm. The WC cut-off values were 94.7 cm with 76
sensitivity and 67 specificity for males and 97.6 cm with 70 seitgitand 61
specificity for females. These WC cutoff values did not difigossantially by age
categories.

Conclusion For the early detection and management of the metabolicayedn
African Americans, the WC of 95 cm for males and 98 cm folafemare suggested

as appropriate cut-off values to identify central obesity.

Introduction

Metabolic syndrome (Met8)s comprised of multiple risk factors that include
hyperglycemia, hypertension, abnormal fat distribution, low Hbholesterol, and
high triglyceride levels. These criteria have been relatethdulin resistance and
visceral adiposity. Individuals with MetS are considered to have risgtfor type 2
diabetes and cardiovascular diseases (29,218). The MetS dnaegabeen defined
by WHO, and other groups such as National Cholesterol EducatioraRr@gtults
Treatment Panel IIl (NCEP-ATPIII) and (ID¥)2,4,29,218). There are differences in
how IDF and NCEP-ATPIIl diagnose central obesity, measured wasst
circumference (WC) Table 1). With regard to WC, the NCEP-ATPIII definition
does not take into account ethnic differences, thus the heterogeh@bdominal
obesity and its association with metabolic risk factors. The We€shold criteria,
chosen by NCEP-ATPIIl and IDF for the diagnosis of abdominal ohesi¢ based

on the study of Lean et al. (1995), which related WC to BMI in a Earope

® MetS- Metabolic Syndrome
" HDL- High Density Lipoprotein
8 IDF- International Diabetes Federation
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population (8). Current National Institutes of Health guidelines suglastor any
body mass index (BMI) category, normal to obese, the presdrecdVC> 102 cm
for men and> 88 cm for women is indicative of a greater risk for cardiouks and
metabolic diseases than lower WC values (64).

Central adiposity is recognized to be highly associated wadreased risk of
cardiovascular disease, the presence of hypertension, dyslipidemiiatype 2
diabetes independent of overall obesity (3,4). A WC cutoff valsedan the
relationship of WC to BMI has not been shown to be an optimal method of
identifying the pathological effect of central obesity (6)c&ssful prevention and
management of increasing metabolic abnormalities and relatelioeascular and
type 2 diabetes illnesses require accurate identification ofrlgghndividuals based
on their unique risk factors. In response to this need, IDF and cersan A
populations have defined central obesity thresholds based on ethnieraiéfer(6). In
acknowledging insufficient information on best WC cutoffs that ptedsk in
African Americans, IDF recommends that people of African elesause the
European values until more specific data are available (218).

Previous studies on WC cut off points in African Americans wenédd and
either lacked sufficient sample size or used convenience sanipladdition, some
were not inclusive of the clustering of NCEP-ATPIII MetS atomalities (13-17) and
depended on existing values of WC corresponding to BMI cutoffs, whightmot
be optimal for the African Americans (8). The inconsistent resmthong African
Americans have provided varied optimal cutoff points of waist cirevenice that

range from 89.0-108.9 cm for men and 83.0-104.6 cm for women (7). Given the
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paucity of existing data, more reliable cutoff values for W@incan Americans
need to be proposed independent of existing BMI categories.

The present study used a large and nationally representativeesaindtican
American adults to: (1) determine optimal cutoff points of waistumference for
detecting the individual and cluster of metabolic risk factors by gemdeage group;
(2) ascertain which waist circumference thresholds are apgt®pamong varied
values including those recommended by NCEP and IDF; (3) compargetiuer
specific cutoff values of WC for detecting metabolic risk destbetween cases with

and without raised blood pressure.

Methods and Procedures
Subjects

This study analyzed data on African American subjects from tHHANNES
1999-2006, who patrticipated in both interview and clinical examination in al@nobi
examination center (MEC). The NHANES uses complex, stratifedlti-stage,
clustered samples of civilian non-institutionalized populations (2&%ptal of 4044
subjects (2136 women and 1908 men) age@0 years were studied. Pregnant,
lactating women, individuals using insulin and with missing values werctuded
from the study. In addition, subjects who had fasted less than 8 proargo blood
tests or who had cancer were excluded during data analysibe @084 subjects,
data were collected on 1445 participants (males and females)l fof the NCEP
ATPIII criteria and these subjects were therefore eligiblethe ROC analysis.

Detailed description of institutional review board approval, despgtiBcations,
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survey operations manuals and consent documents for NHANES can beedbta
elsewhere (183-184).
Anthropometric measurements and blood pressure monitoring

With an electronic scale, weight was measured in pounds and conterted
kilograms in the automated system. Height was measured wibdastadiometer to
the nearest 0.1 cm. The WC was evaluated with a measurement alidbminal
circumference at the high point of the iliac crest. The measuitewses recorded to
the nearest 0.1 millimeter using a measuring steel tape aroendibk at the end of
a normal expiration (body measure link). BMI was calculatedeaghw (kg) divided
by the square of height (m2). Systolic and diastolic blood pressadengs were
recorded four times using a standard mercury sphygmomanometersuiijects
sitting on a chair after at least a five-minute rest. Rotigpations with three or four
readings, the average of the last two was estimated andnuges analysis. In case
of two measurements, the last reading was considered asefage. When only one
blood pressure reading was available, that reading served as the avetage (22
Blood Examination

For fasting blood glucose and triglycerides, data were collecteda on
subsample of the 4044 of participants. This subsample is nationally representative and
corresponding sample weights were estimated to reflecttflge sf sampling and the
no response. For the determination of WC and BMI thresholds, the subsardpte
relative sample weights were used in the analysis.

The biochemical measurements were obtained at the mobile examina

center and blood glucose concentration was quantified using a hexoknzgssagc
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reaction (223). The serum concentration of HDL cholesterol (Hepémi2 method
and direct method) and triglycerides (Enzymatic reactions) wexasured using an
Hitachi 704 Analyzer (Roche Diagnostics, Indianapolis, IN) (224).
Definition of multiple cardiovascular risk factorsto obtain WC cutoffs

Several studies have suggested that WC may be a better antatopom
predictor of many MetS risk factors, which aggregate imndividual, compared to
BMI or waist hip ratio (5,225). For this study, multiple metabolicmdspme
abnormalities were defined as the occurrence of two or mohe ddblowing criteria:
1) fasting blood glucose valueslO0 mg/dL or the use hypoglycemic agents; 2) high
concentrations of serum triglycerides160 mg/dL) or treatment for this lipid
abnormality as alternative indicator; 3) high blood pressurdgolgys 130 mmHg,
diastolic > 85 mmHg, or the use of antihypertensive medications); and 4) low
concentration of serum HDL < 40 mg/dL for males and < 50 mg/dlfeimales or
drug treatment for reduced HDL. The presence of at least twwesé tmultiple risk
factors was considered as an outcome variable of the ROC analgfitain the WC

cutoffs.

Statistical Analysis
Data were analyzed using SAS 9.2 and STATA software to account for the
complex survey design and incorporate cluster, strata and sample weights in the
analysis. SAS statistical software (release 9.2) was used forleateng and
computation of descriptive statistics for the general characteristecs, t

anthropometrics, and MetS risk factors. The data are presented as meansgadS.E.)
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percentages for categorical variables. T-test and Rao Chi-squaretestpplied to
compare males and females. The statistical significance was codsatere€0.05.
Continuous variables not normally distributed were transformed and geometris mean
were used for the means of serum triglycerides, HDL, and systolic blood pressur
because of their right skew distribution.

ROC analysis was performed using STATA 10.1 for Windows (STATA,
College Station, TX) to find appropriate gender specific WC cutoff values for
detecting the individual and the clustering>d? metabolic syndrome risk factors
defined by NCEP-ATPIII (except for WC). The sensitivity and specificewe
estimated at each 1 cm increment of WC. The models were reanalyhextyei
(categorized by 10-year age groups) and by hypertension status adjugteseds
BP: SBP> 130 mmHg and/or DBP 85 mmHg and non-raised BP). We defined the
best cut off values of WC with the optimal combination of sensitivity and spgcific
based on the maximum Youden'’s index (sensitivity + specificity -1) (214) and the
minimum distance from the upper left corner of the point on the ROC curve [(1-
sensitivity)? + (1-specificity)?]. Additional measures of diagnostauaacy such as
total accuracy, positive predictive value, negative predictive value, and RQE ¢
area were also calculated. A WC with higher sensitivity and negagdicpve value
(NPV) was selected over a WC with higher specificity when both values hatt@ent
total accuracy. The areas under the ROC curves were calculated tdlzssessall
accuracy of performance of the ROC curve and to determine the ability oo WC t

predict the presence of the cluster of MetS indicators. The measures of tilagnos
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accuracy (AUC) from the newly estimated WC were compared with thoséstihg
WC values from NCEP, IDF and previous studies (15).
Results

Participant characteristics

Subjects characteristics are provided able 2. The average age of the
subjects was 42.9 years (+ 0.43; range: 20-85) for females and 41.8 years (+ 0.42,;
range: 20-85) for males. The distribution of age groups shows a higher proportion of
individuals between 20-29 and 40-49 years of age, 22% and 23% respectively. At the
youngest age range, more males (21%) than females (16%) were obserectiavhil
opposite was observed after 70 year of age (9% males vs.13% females). For the other
age groups 30-39 y, 50-59 y and 60-69 y, the proportion of participants was 14%,
16%, and 19%, respectively.

Consistent with known gender differences, males had higher weight, height,
SBP and DBP, compared with female participants. BMI and WC were signiyicant!
lower in males than in females. The TG was statistically significéfiereint between
males and females (T value=4.06, P < 0.001). The geometric mean for males for TG
was 100.5 mg/dL (SE=2.437) with a confidence interval ranging from 95.8 to 105.5
mg/dL. The corresponding values for females were 86.5 mg/dL (SE=2.168) with a
confidence interval of 82.3-91.0 mg/dL. The HDL geometric mean was 49.9 mg/dL
(SE=0.451) with a CI of 49.0-50.8 mg/dL. Females had a significantly higher (T
value=-13.27, p < 0.001) mean of 56.5 mg/dL (SE=0.466) than males, with a CI of

55.6-57.4 mg/dL.
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28-31% of the subjects did not have an abnormal MetS risk factor. At least two
abnormal indicators of the MetS were present in 39% for males and 41% féefema
The prevalence of MetS criteria and the number of risk factors were ndicsigtly
different between males and femal&algle 2).
The frequency of MetS criteria by gender and age categories

The assessment of the prevalence of each individual criterion by gender
revealed that high blood pressure was the most frequent risk factor, being present
46.9 and 47.3% for females and males, respecti¥édy(e 1). Low HDL
cholesterol was present in 34% of the females compared to 23% of the mgltes. Hi
fasting blood glucose was almost equally present in males and females (31.2 &
32.6%). The lowest frequency was observed for high triglycerides (11.9-19.4%). The
frequency of the individual criteria was statistically signifitadifferent between
male and female subjects except for high fasting blood glued€é (mg/dL) and
high blood pressure>(130/85 mm HG).

Figure 2 portrays the prevalence of at least 2 metabolic risk factors (except
WC) across age categories and by gender. The risk factors includeeleaid
pressure, triglycerides, fasting blood glucose, and low HDL levels. Males and
females, 40-49 and 60-69 years of age, had the highest prevalence of atiséast 2 r
factors (24% and 27%, respectively), while the younger and the oldest groups had the
lowest (7% and 15%) prevalence followed by the 50-59 year age categorigs (17%
The percentage of at least two of the metabolic components was higher iasfemal

compared to males between the age cluster of 50-59 and 60-69 years. The young age
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categories of 20-29 and 30-39 years had a lower proportion of females vs. niales wi
2 or more risk factors.
The mean average for anthropometric and medical profiles by age categories

The anthropometrics and medical examination profil&aisie 3 show a
generalized and marked increase of the mean for all the MetS componentsibetwee
20 & the 60th decade in both males and females. However, a decline was observed in
the seventh decade except for SBP and HDL, which were at their high@6tyaars
of age. For the70 year group, the SBP reached 147.9 for females vs. 143.1 mmHg
for males. HDL was 65.1 and 54.4 mg/dL for females and males, respectively. In
terms of gender related differences, the average of the MetS risksfa@re found
to be higher in males than females with the exception of WC, BMI, and HDL. The
gap difference disappeared after tfed®cade for TG and narrowed for WC. Among
females, there was a mean increase of 5-6 kg after 20-29 yrs and aelefrdase
to 4 kg after the 70birthday. The change in weight was less pronounced in males (1-
3 kg increase after 20-29 year category). However, significant body wesghivas

recorded after 70 years and above (7.5 kg).

WC cut-offs points for the detection of high blood pressure, hyperglycemia,
triglyceridemia and low HDL by gender

The WC cut-off levels were determined by relating them to the individual
MetS componentTable 4 summarizes the sensitivity and specificity for each WC
level for the identification of elevated blood pressure, high fasting blood glucose,

raised triglycerides, HDL levels and the presence of at least 2 of thies&cri
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In males, the optimal combination of sensitivity and specificity was at 95 cm
for high blood pressure and fasting blood glucose, at 97 cm for raised triglycerides
and at 98 cm for low HDL. The values ranges between 95 and 98 cm, with an optimal
cut-off value found at ~ 95 cm for the presence of at least 2 of the criteria.dlefem
the optimal combination of sensitivity and specificity were at 96 cm for high blood
pressure, at 99 cm for fasting blood glucose and at 98 cm for high triglycerides and
low HDL. The presence of at least 2 of the metabolic risk factors wasfieleati ~

98 cm.

Appropriate waist circumference determination

Based on the Youden Index and minimum distance from the upper left corner
of the ROC curve, the male WC cut off value that best predicts two or more
metabolic risk factors was 94.7 cm. At this WC, sensitivity and specifaies were
76 and 63 % respectivel¥4ble 5. The 102 cm waist circumference currently in use
for males had a sensitivity of 53% and specificity of 71%b{e 5 & figure 4). For
females, the threshold associated with the optimal combination of sensitivity and
specificity was 97.6 cm, corresponding to sensitivity and specificity valugs and
62% (Table 5. The current NCEP ATPIII WC cut point of 88 cm corresponds to a
sensitivity and specificity of 91 and 37%g(re 4). Figure 3 represents the ROC
curve for the newly estimated cut off values for both males and females O®e R
area for males was 0.74 with a confidence interval of 0.70-0.78 while for fenhales, t
ROC was 0.72 and a confidence interval is 0.68-0.76. AUC was not statistically

significant between males and females (P=0.554).
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Characteristics of participants by blood pressure status and their WC cutoffs

Table 6 compares the characteristics of subjects with and without elevated
blood pressure. The mean age was significantly lower among people without raised
blood pressure than those with raised blood pressure in both males and females. A
lower percentage of young people 20-39 as well as those 50-59 years of age had
raised blood pressure in both males and females. The proportion of people who had
high blood pressure significantly decreased with age. The mean BMI and Y¥C we
significantly higher in participants with raised blood pressure than those witiout
both genders. The percentage of people who had the clustering of risk factors was
also significantly higher among those with elevated blood pressure than thoset wit
high blood pressure in both males and females.

Table 7 shows the comparison of WC cutoff values for predicting the selected
cluster of MetS risk factors using ROC analysis between subjects with doaditvi
elevated blood pressure. WC thresholds for males with and without high blood
pressure were 95 cm and 94.7 cm, respectively. Corresponding values among females
were 99 cm and 97.6 cm. The WC cut offs did not differ between those with and
without hypertension in both males and females. However, the values appeared
slightly higher among those without raised blood pressure.

Discussion

The purpose of this study was to determine gender specific optimal cut off
values of WC that best predict indicators of a cluster of metabolic riskiaiitea
large, nationally representative sample of African American adults. The W

thresholds that best predict the cluster of metabolic risk factors in A#iceanican
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males and females were found to be 95 cm and 98 cm, respectively. Compared to IDF
(=80 for females and94 cm for males) and NCEP/ATP I#&8 in females angd102
cm in males) definitions of central obesity (2,29), the threshold suggested for males
(95 cm) was similar to the IDF cut off value of 94 cm, but lower than the NCEP
ATPIII currently used WC of 102 cm. Among females, in contrast to the IDF (80 cm)
and NCEP Il (88 cm), the cut off value was higher and equivalent to 98 cm. Females
developed metabolic risk factors at higher WC in comparison to males. Overall, we
observed that our cutoff values of WC for males yielded maximum sensitivity and
specificity (Figure 4).

The lower cut off value for WC in males compared to the 102 cm (8), which
predicts the obesity BMI in Europeans, highlights the heterogeneity in \GlWé€
and associated metabolic risk factors in different ethnic groups and populations.
Indeed, other groups such as Asians who develop MetS at lower cut off values have
revised their criteria (226) and new thresholds have been suggested. In addition,
lower WC values in African Americans (16), particularly among maleswbte
levels of WC estimated from BMI in European Americans have challengeane |
held assumptions of a similar WC threshold across ethnic and racial groups in
assessing MetS criteria (17). Thus, there is no support for choosing a WC threshold
predicted from BMI cut-offs among African Americans. WC recommendations
should be based on WC and its relationship to metabolic risk factors.

Although sampling methods, measurements and indicator differences preclude
direct comparison of our findings with previous studies, a recent study of Sumner et

al (2008), to determine the WC in African Americans that best predict the insulin
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resistance based on convenient sample of adults 20-50 years old, suggesilad a sim
WC threshold ot 98 cm in females (13). An earlier study of Okosun et al (2000)
using NHANES III to determine the WC associated with established BMI cut off
values suggested a WC of 97 cm for females and 101-103 cm in males (17). The
same authors also assessed the ability of 102 cm and 88 cm in predicting MetS risk
factors (15), and their findings confirm our current study, which found lower
sensitivity at 102 cm for males (41-56%) for the different MetS components , and a
very low specificity for the 88 cm in females (31-37%). Zhu et al, (2005) d@stima
WC corresponding to the established overweight and obese values when one or more
metabolic syndrome components were present. The authors suggested 91 cm for
females and 97 cm for males, however, the MetS criteria they used had different
values than ones we used in this study. All the previous studies suggested a higher
WC for females than the current 88 cm and the current study identified the loptima
cut off values that are associated with both individual and the cluster of MetS ris
factors.

The major limitation of this study was the lack of availability of data f@720
08 to increase the sample size of the subsample for triglycerides and dstid
glucose. This might have affected the lack of significant differences inié&hiolds
by age categories (not reported) and for individuals with and without high blood
pressure. Secondly, this study is a cross-sectional design and gived limit
information on the susceptibility to MetS risk factors. A longitudinal study would be
needed to determine the association between WC and incidence of the MetS criteria

Furthermore, this study did not assess the intra- abdominal distribution of adipose
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tissue in relation to WC and metabolic risk factors. Further research won&kted
to compare intra-abdominal adipose distribution between genders & its relationship

with MetS.

Conclusion

In summary, we used the ROC curve analysis to determine appropriate WC
cut off values for individuals with multiple metabolic risk factors among Afric
Americans. Findings showed that the WC thresholds, with relatively high seysiti
and specificity, are 95 cm for males and 98 cm for females, respectively. eBeaipr
findings suggest that those cutoffs be used for the early detection and managfement
MetS. Since this study was cross-sectional in nature, further investigatmmgef |
term morbidity/mortality data are needed to confirm the appropriate dmfioit

central obesity in African Americans.
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Table 1. Metabolic syndrome criteria based on NCEP-ATPIII and IDF
consensus

NCEP ATP 111 ® IDF @
Waist circumference Europids> 94 cm*
Men >102 cm WC South Asians/Chinese90 cm*
Japanese 85 cm*
Women >88 cm WC Europids ,South Asians/Chines&0 cm*
Japanese 90cm*
Triglycerides >150 mg/dL (1.7 mmol/L) or treatment for this lipgthnormality
Blood glucose >100 mg/dL (5.6 mmol/L) or treatment of elevatedogise
>100 mg/dL (5.6 mmol/L), OGTT strongly recommendbedi not necessary
HDL
Men <40 mg/dL (1.03 mmol/L) or drug treatment for redddiDL
Women <50 mg/dL (1.29 mmol/L) or drug treatment for redddiDL
Blood pressure >130/85 mm Hg or treatment of previously diagnosggehtension

NCEP-ATPIII: National Cholesterol Education Prograaiult Treatment Panel lll; IDF: International Dietles
Federation; WC: waist circumference; OGTT: Oral ¢alse Tolerance Test; HDL: High Density Lipoprotein
Cholesterol; * Population and country specific waiscumference; Source: Circulation.2009; 120:164@5.
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Table 2. Characteristics of the study population

Men Women

Characteristics (n =1458) Range (n =1439) Range
Age (years) 41.8 +0.42 20-85 42.9+0.43 20-85
Weight (kg)+ 87.5+0.54 38.9-156.4 82.5+0.57 38.9-163.0
Height (m)# 177.1+£0.15 151.7-204.1 162.9+0.19 149.9-184.7
BMI (kg/m?2)f 27.840.16  16.1-47.4 31.140.23 17.4-57.6
WC (cm)# 95.740.39 62.4-144.7 98.0 +0.57 60.4-145.0
SBP (mmHg)+ 127+0.38 90-217 125+0.74 79-266
DBP (mmHg)t 7510.43 35-116 72+ 0.41 40-112
LHDL- C (mg/dL) 49.9+0.45 48.9-50.8 56.5+0.47 55.6-57.4
LTG (mg/dL) 100.5+2.44  95.8-105.5 86.5+2.17 82.3-91.0
FBG (= 100 mg/dL) n 32% n 30%
subjects with risk factors* (n=567) (n=571)

no risk 178 31% 158 28%

1 risk factor 172 30% 183 32%

2 risk factors 134 24% 136 24%

3 risk factors 55 10% 74 13%

4 risk factors 28 5% 20 4%

Mean £SE or number of subjects and proportion of subjects (%)

FAGE t value -4.16 p = 0.001; weight t value 6.64 p=0.0001; Height t value = 59.26 p <0.0001; BMI -12.38 p <
0.0001; WC -3.68 p < 0.0005; DBP t value 4.95 P =<.0001, TG t value = 4.06 p =0.000.

BMI: Body mass index = Body weight (kg) / height (m)%;, WC, waist circumference; SBP, systolic blood pressure;
DBP, diastolic blood pressure; LHDL, log of high density lipoprotein cholesterol; LTG, log of triglycerides.

*Risk factors: raised triglycerides, low HDL-C, elevated fasting blood glucose, and raised BP blood pressure.
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Table 3. Anthropometric profiles and medical examinations results by geret
and 10 years age category, NHANES 1999-2006

Females (n= 1408)

Age ( years) 20-29 30-39 40-49 50-59 60-69 270

n=230 n=262 n=321 n=198 n=225 n=172
Weight (kg) 787+ 15 844+ 15 84.1+ 1.0 848+ 13 843+ 1.2 748+ 1.3
Height (cm) 163.1+ 04 1639+ 0.5 163.4+ 0.4 163.0+ 0.5 161.9+ 0.5 158.8+ 0.5
WC (cm) 926+ 1.3 974+ 1.4 99.1+ 0.9 100.3+ 0.9 102.7+ 0.9 98.1+ 1.1
BMI ( kg/m?) 29.5+ 0.5 313+ 0.6 315+ 0.5 31.8+ 0.5 319+ 0.4 29.6+ 0.5
SBP (mmHg) 111.6+ 09 1168+ 1.1 1254+ 15 1314+ 1.3 141.1+ 1.3 1479+ 2.2
DBP (mmHg) 67.1+ 0.7 72.4+ 0.7 75.5+ 0.9 76.1+ 0.7 743+ 0.8 67.15+0.9
TG (mg/dl) 86.6+ 5.2 86.5+ 4.5 96.3+ 4.5 130.5%+ 128 1201+ 6.1 1085% 54
HDL(mg/dl) 549+ 1.1 563+ 1.1 58.7+ 0.8 619+ 1.1 60.1+ 1.3 65.1+ 1.8
FBG (mg/dl) 89.7+ 1.1 941+ 1.8 97.0+ 1.3 1104+ 54 110.6 + 3.6 111.6+ 4.2

Males (n = 1436)

20-29 30-39 40-49 50-59 60-69 >70

n=296 n=263 n=321 n=205 n=217 n=134
Weight (kg) 86.5+ 1.2 894+ 1.3 88.2+ 1.0 875+ 14 873+ 1.4 79.0+ 1.2
Height (cm) 1784+ 04 177.4+ 0.4 1773+ 03 176.8+ 0.5 1757+ 0.5 171.8+ 0.6
WC (cm) 90.4+ 0.9 956+ 1.1 96.9+ 0.8 98.5+ 1.0 101.6+ 1.2 986+ 0.9
BMI ( kg/m?) 271 £ 04 283+ 0.4 28.0+ 0.3 279+ 04 283+ 0.4 26.7+ 04
SBP (mmHg) 120.1+ 0.7 1227+ 0.8 127.2+ 09 133.7+ 14 1350+ 1.6 143.1+ 2.1
DBP (mmHg) 69.6 £ 0.9 743+ 0.8 789+ 0.8 80.1+ 1.0 74.1+ 0.9 714+ 14
TG (mg/dl) 975 +51 1409+13.8 131.8+ 79 1264+ 0.1 1224+ 7.7 105.6+ 6.6
HDL(mg/dl) 51.0 + 0.9 50.1+ 0.9 51.2+ 0.9 544+ 1.2 529+ 0.9 544+ 14
FBG (mg/dl) 934+ 19 983+ 1.4 101.5+ 24 1125+ 3.7 1275+ 6.5 109.3+ 49

Values mean and standard errors WC: Waist circumference; BMI: Body mass index; SBP: systolic blood pressure, DBP:
diastolic blood pressure; TG: triglycerides; HDL-cholesterol: high density lipoprotein cholesterol; FBG: Fasting blood

glucose
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Table 4. Estimated waist circumference which predicts the clust of metabolic
syndrome in African Americans; NHANES 1999-2006.

WC J Minimum Diagnogtic PPV(%) NPV(%) Sensitivity Specificity
(cm) value Distance accuracy (%) (%)
Men
> 89 0.38 0.512 62 48 89 88 50
> 92 0.35 0.488 62 48 84 79 56
294.7° 0.39 0.440 67 52 83 76 63
295 0.39 0.441 67 52 83 75 64
> 98 0.36 0.459 70 54 79 64 71
> 102° 0.29 0.534 73 54 75 52 77
> 105 0.28 0.560 75 56 75 47 81
> 109 0.19 0.68 79 55 71 34 86
Women
> 83 0.22 0.744 51 43 93 97 26
> 88" 0.29 0.624 56 46 88 91 38
> 93 0.32 0.526 60 49 83 82 51
297.6° 0.33 0.476 64 52 79 71 62
> 98 0.32 0.481 64 52 78 70 62
> 103 0.30 0.504 69 54 75 58 72
> 105 0.29 0.520 71 56 74 55 75

WC = waist circumference. Jvalue = Youden IndexniMum distance from the upper left corner of theapon
the ROC curve. NPV: negative predictive values. Pfdsitive predictive value&.author's recommendatiors.
National Cholesterol Education Program-Adult TreatirPanel 11l recommendations.
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Table 5. Sensitivity and specificity of metabolic syndrome criteria bgender;
NHANES 1999-2006

MEN
WC cut-off BP>130/85 FBG >100 Triglycerides HDL <40 MetS
(cm) MmHG mg/dL >150 mg/dL mg/dL
Sens | Spec | Sens | Spec | Sens | Spec | Sens | Spec | Sens | Spec

90 73 50 84 47 87 43 82 40 88 49
91 71 53 82 50 83 45 78 43 85 52
92 68 55 79 54 76 47 78 47 80 54
93 66 57 77 56 73 49 78 50 79 57
94 63 59 76 59 72 53 76 52 76 60
95 61 62 74 63 72 55 75 54 76 63
96 56 64 71 65 68 58 72 58 72 66
97 55 67 67 66 65 60 69 60 68 67
98 53 69 66 69 61 62 67 63 65 70
99 50 71 63 71 57 65 64 65 63 72
100 46 73 57 73 51 67 61 69 57 74
101 44 74 56 74 50 69 59 69 55 75
102 41 76 54 76 49 71 56 71 53 77
103 40 76 51 77 48 72 54 72 51 78

AUC (95% CI) 0.65 (0.61-0.69) 0.72 (0.67-0.76)0.66 (0.61-0.71) 0.69 (0.63-0.74)  40(7.70-0.78)

WOMEN
WC cut- BP>130/85 FBG =100 Triglycerides HDL <50 MetS
off (cm) MmHG mg/DI >150 mg/dL mg/dL
Sens | Spec | Sens | Spec | Sens | Spec | Sens | Spec | Sens | Spec

85 88 26 94 26 96 21 89 23 95 28
86 85 29 94 28 95 24 88 25 95 30
87 84 33 92 34 93 26 84 27 92 33
88 82 35 91 36 92 30 82 31 91 37
89 80 38 88 38 92 30 82 31 90 40
90 78 39 85 39 91 34 81 35 87 41
91 77 40 84 42 90 36 78 37 86 43
92 73 46 83 46 89 39 76 40 85 47
93 72 46 81 49 89 42 74 42 83 49
94 71 50 79 50 87 44 71 45 81 52
95 69 53 78 54 85 47 70 48 79 55
96 66 56 76 55 85 49 69 50 77 57
97 65 57 73 59 80 51 65 52 74 58
98 61 60 71 60 7 53 63 55 72 61
99 57 62 68 63 70 55 60 56 68 63
100 56 63 65 63 68 57 57 59 65 65

AUC (95% CI) 0.65 (0.61-0.68) 0.71(0.67-0.75)0.68 (0.63-0.72)  0.62 (0.57-0.67) 0.75830.76)

WC: waist circumference; BP: blood pressure; FBSting blood glucose; HDL: High density lipoproteitetS: presence of
2 metabolic criteria (BP, FBG, low HDL, high triglgrides); Sens: sensitivity; Spec: specificity.
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Table 6 . Comparison between participants with and without raised blood
pressure NHANES 1999-2006

Men (558) Women(549)
Without With HBP  Without HBP  With HBP
HBP*

# observations 282 276 261 288
Age ( years) 36.5+0.63 47.3+0.77 36.5+0.58 53.9+0.87
Age categories
20-29 yr 90 (32%) 27 (10%) 77 (30%) 6 (2%)
30-39 yr 79 (28%) 38 (14%) 85 (33%) 26 (9%)
40-49 yr 63 (22%) 63 (23%) 61 (23%) 67 (23%)
50-59 yr 21 (7%) 36 (13%) 19 (7%) 47 (16%)
60-69 yr 20 (7%) 64 (23%) 12 (5%) 84 (29%)
=70 yr 9 (3%) 48 (17%) 7 (3%) 58 (20%)
Body mass index * 26.8+0.31 28.6+0.49 30.0+0.40 33.1+0.54
Waist circumference * 91.940.93 99.4+1.37 95.1+0.94 103+1.00
Clustering risk factors ** 42 (15%) 170 (62%) 40 (15%) 191 (66%)

Mean £SE or % of participants

*Body weight (kg)/(m)2 ; waist circumference (GrR)BP high blood pressure (mm Hg)

**subjects with 2 or more of MetS risk factors:gedl systolic BP and/or diastolic BP, high triglydes, reduced
HDL-C and raised fasting plasma glucose

Table 7. Gender —specific WC cutoffs for detecting clustering of M8trisk
factors including patients with and without raised HBP

Men Women
Without HBP With HBP Without HBP With HBP
WC (cm) 95 94.7 99 97.6
Least distance values* 0.443 0.442 0.479 0.478
Youden index 0.383 0.386 0.322 0.329
Sensitivity 75 75 67 71
Specificity 64 63 65 62
AUC 0.739 0.702 0.706 0.703

95% CI of AUC ** (0.649-0.813) (0.639-0.758) (0.629-0.772) (0.640-0.760)

WC: waist circumference (cm); HBP: high blood press* Least distance from upper left to ROC curve
** 95% CI confidence interval, AUC: area under tleeeiver operating characteristics (ROC) curve.
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Figure 1. Prevalence of Metabolic Components in African Americans by
Gender-NHANES 1999-2006
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Figure 2. Distribution of > 2 Mets Risk Factors Across Age & Gender @®ups
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Figure 3. New Waist circumference cut off points for the detection ohe cluster
of high blood pressure, hyperglycemia, triglyceridemia and low high deity
lipoprotein cholesterol — NHANES 1999-2006

ROC Curves by Gender
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Figure 4. NCEP/ ATP Ill Waist circumference cut off points for the detection of
the cluster of high blood pressure, hyperglycemia, triglyceridemia andiv high

density lipoprotein cholesterol

ROC Curves by Gender
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PAPER 2: APPROPRIATE BMI AND COMPARISON OF THE BMI THRESHOLD
VALUES IN PREDICTING METABOLIC SYNDROME RISK FACTORS

Abstract
Existing BMI cut off values have been debated as to whether they are appropriate
across different population groups as they do not account for body fat distribution and
their association with health outcomes remains unclear in certain groups.
The purpose of the study was to determine appropriate African Americgrib(al
mass index (BMI) cut points to account for differences in obesity relatebolie
risk factors. It also studies the gender differences in the relaippoEBMI to body
composition.
The study comprised of 4415 of adults aged 20 and older and 49% were males. Males
were younger than females (41.7 years vs. 43.9 years, respectively) aadd¢hage
age increased correspondingly with BMI categories, ranging from 36.7 —eBt$ y
The opposite was observed in females, where the age slightly decreased with
increasing BMI values. From receiver operating characteristadgsas (ROC), the
optimal cut-off points for BMI were found to correspond to 28 kg/m? in males and 32
kg/m2? in females. The BMI cut points predicted from the presence of MetS risk
factors are lower in males and higher for females than the currently defihetf
values of 30 kg/m2. WC corresponding to the newly estimated values of BMI in males
and females were tested using simple linear regression and ROC and wararb c
99 cm, respectively. The findings differed from the current NCEP-ATP@QI \&lues

in males (102 cm) and in females (88 cm) predicted from the BMI.
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In summary, the current study results show the need to consider ethnic background in
defining the BMI cut—off values that predict the presence of health risk$actor
Higher BMI among AA corresponds to lower WC in males and to higher WC in

females.

Introduction

Body Mass Index (BMI) is used to assess overall heaviness (227). There are
no established cut-off points for fat mass or percentage body fat (%oBFRgtslate
into cut-offs for BMI, which relates weight/(kg) to height (m2?). The Wadtkalth
Organization (WHO) defines overweight as a BMI 25-29.9 kg/m2 and obesity as BMI
> 30 kg/m2. Such recommendations were promulgated primarily for European
populations to correspond to risk thresholds for a wide range of chronic diseases and
mortality (161). The epidemiological data show increased mortality/ht=E5
kg/m2 (167-169, 172). This increase, however, appears modest until a BMI of 30
kg/m? is attained. Individuals with a BMI 8f30 kg/m? have a mortality rate from all
causes, and cardiovascular disease (CVD) in particular, 50-100 % above those whose
BMI fall in the normal range of BMI 20-25 kg/m2 (167,171).

Among African Americans (AA), available studies suggest that adiposity
be a less important predictor of mortality than in European Americans (EA),
especially among females (228). In individuals who never smoked and without
history of disease, the association between a high BMI and elevated riskioivdsat
observed to be more moderate among AA males and females. A small incresise i

of death was found only at BMI 35.0 or higher (228) among AA females. Two large
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U.S. surveys — the National Health and Nutrition Examination Survey (NHANES
and the National Health Interview Survey (NHIS) showed that the BMteckla
increased mortality begins at a 1 to 3 kg/m? higher BMI level among African
Americans than among European Americans. The BMI associated with minimum
mortality was 26.8 kg/m? for AA females and 27.1 kg/m? for AA males compared to
24.3 kg/m? and 24.8 kg/m? in EA females and males, respectively (229).

The use of WHO BMI cut off values for overweight (25 kg/m?2) and obesity
(30 kg/m?) has limitations (10, 22). The BMI measurement is disputed because its
correlation with body fatness is inconsistent across populations (24-27). In addition,
there has been ongoing debate as to whether these criteria (for obésity a
overweight) are appropriate for non-European populations as they do not account for
differences in body fat distribution and the relation of body size and composition with
health outcomes (25). BMI does not separate fat mass from fat free maske (@mals
skeletal masses). Studies have shown that individuals with identical BMsvable
have considerably different percentage fat levels, particularly if thpivage,
gender and ethnicity. Compared to other ethnic groups, African Ameheasdeen
reported to have higher total bone density and muscle mass content (24) across the
lifespan. Using dual energy X-ray absorptiometry (DEXA), the pergert&body
fat (BF) estimated at a given BMI was lower in African Americaas tin European
Americans. Thus, the relationship between percentage fat and BMI is probably
different among African Americans, given the increased sketaiatle mass and

lower percentage BF. It is not surprising that a change in this relationship ma
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suggest that African American females in particular may be at dect@aetabolic
risk compared with Europeans at similar BMI levels (12).

Since population groups may differ in the level of risk associated with awarti
BMI, research is needed to determine appropriate African AmericarcBibloints
to account for differences in (i) susceptibility to obesity-related metabsk factors,
(i1) the relation of BMI to body fatness and fat free mass, and (iii) failulision.
This study focuses on appropriateness of BMI cut offs in adult African Aameric
males and females. The optimum BMI levels based on their specific dlietab
Syndrome (MetS) risk profiles will be determined. The results will congibubur
understanding of ethnic differences in metabolic syndrome and its imptidati

chronic disease disparities.

Research Design and Methods

Data source and sample size

The study analyzed data from the National Health and Nutrition Examination
Survey (NHANES) data collected between 1999 and 2006 on African Americans
(230). NHANES survey comprises a series of cross-sectional studies, wisch use
complex, multistage probability, stratified and cluster sampling deaige It was
designed to monitor and evaluate the nutritional and health status of a representative
sample of the non-institutionalized U.S. population. The assessment is based on
health-related household questionnaires, laboratory tests and physiological
measurements. Detailed information on NHANES data collection procedures are

available elsewhere (231). Individuals ageD years of age, low income European
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Americans, Mexican Americans and African Americans were oversanmp&tture
accurate estimates in those population groups.

This NHANES sample comprised of 4415 AA ad:t®0 years. Of the total
number, 3842 subjects were interviewed and completed the clinical examination in a
mobile examination center (MEC). After the exclusion of pregnant and tagtati
women, those using insulin and others who reported having cancer, 3124 remained in
the analysis.

The final sample consisted of 1445 subjects, with complete data on all the
MetS criteria, were used to determine the BMI threshold values to pkéelitrisk
factors.

Socio demographics and economic status

Socio-economic variables such as age, gender, education, marital status and
poverty income ratio (PIR) were included in the analysis. Education level was
categorized into three groups: < 8 yr, 8-12 yr, and > 12 yr of education. Poverty
income ratio from NHANES was computed as a ratio of income to the family’s
pertinent poverty threshold established by the US Census Bureau in a given yea
calendar (232). The following NHANES definitions were used, aP1R0 is
indicative of income above the poverty level while <1.0 is below the official poverty
threshold. The PIR categories were defined as <1.85 indicating IbW85-3.5 as
medium, and >3.5 as high socioeconomic status. Age was grouped into 6 categories:

20-29, 30-39, 40-49, 50-59 ard 60 years of age.
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Dietary and lifestyle factors

Smokers were designated as current, past, and never smokers. Individuals
who had smoked 100 cigarettes during their lifetimes and who reported not
currently smoking were considered as past smokers. Drinking was classified i
three groups: Heavy, moderate, and non-drinkers. Heavy drinkers were individua
who ever drank 5 alcoholic beverages per day or drank daily at least one beer, wine,
or hard liquor for the past month. Dietary habits were coded on the basis of energy
intake from fat (< 25%; 25-35%, > 35%) and carbohydrate (<45%; 45-65%, & >
65%). Physical activity was based on three levels of average level o¢gdlactivity
per day as defined by NHANES (230). Sitting during the day with not much walking
was defined as sedentary. Standing or walking a lot during the day was conssdered a
moderate. The most active participants were those who climbed stairs oftails
did heavy work or carried loads (233).
Measures: Biochemical and Definition of metabolic risk factors

Biochemical samples were collected during the MEC examination. Fasting
blood glucose was determined by the glucose oxidase method quantified using
hexokinase enzyme (234). Serum triglyceride was measured enzymatitialthe
hydrolysis of glycerol. High — density lipoprotein was measured after the
precipitation of other lipoproteins with heparin-manganese chloride mixturetor wi
direct method. Biochemical analyses were carried out using Hitachi 70&éskby
Roche Diagnostics, Indianapolis, IN) (235).

For this study, participants were considered to have a high risk for MetS if

they had at least any two of the following 4 components: 1) dyslipidemia — high
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triglycerides> 150 mg/dL and low HDL 40 mg/dL for males and < 50 mg/dL for
females; 2) hyperglycemia100 mg/dL or oral treatment for diabetes; 3)
hypertension — systolic blood pressure (SBP) and /or diastolic blood pressuie (DBP
of >130 mmHg and 85 mmHg, respectively, or they were on treatment for any
abnormal indicator.
NHANES Physical & anthropometrics measure
The blood pressure was measured using a standard mercury

sphygmomanometer to the nearest two mmHg on the right arm with the subject
seated and having rested for at least 10 minutes. The average of the |lastdiwgs
was taken as the subject’s blood pressure. When there were only two readings, the
last reading was considered as the individual's blood pressure. The waist
circumference (WC) was measured using a steel tape at the top of tlaegfac
Electronic scale was used to measure the body weight in kilograms, while the height
was estimated using a calibrated stadiometer. Body mass index{\{felyheight
(m?)] was calculated for every subject on the basis of collected weight amd heig
(236), and was categorized into 6 groups (<23, 23-27.49, 27.5 — 280%&nc> 40)
(237). Post-menopausal status was described as having complete cessatioe®f mens
for > 12 months.

During data collection in NHANES /MEC, a whole body scan was administered for
eligible subjects during the 3-year cycles of 1999 - 2004 using Hologic QDR-4500A
fan-beam densitometer (Hologic Inc., Bedford, MA). Pregnant femalesidodis

who reported nuclear medicine studies, use of barium contrast in the past 7 days, a

weight > 300 Ibs or height > 6 ft 5 were excluded from the DXA tests. The test
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provided lean and bone tissue measurements for the total body. Data on total mass
(9), fat mass (g), lean mass (g), bone mineral content (g), bone area (cm2) and bone
mineral density (g/cm?) were recorded. Percentage body fat (BF 8Qalailated as
total body fat mass over total mass X 100, and is a direct measure of an individual’s
relative body fat. Using sequential regression imputation methods (IVEware
software), multiple imputation of the DXA data were made and five completedse
were created for each participant. The imputation was to prevent bias thatesoalid r
from the nonrandom missing data and ensure a more accurate standard error
estimation. Pregnant Women and participants with amputations other than fingers or
toes were excluded during the process. Detailed description of the multiple
imputations can be found in the NHANES 1999-2004 technical documentation (238).
Statistical Analysis
Statistical analysis was carried out using SAS statistical padkagsion 9.2;
SAS Institute Inc, Cary, NC) and STATA statistical software $i@r 10.1 for
Windows; Stata Corporation, College Station, TX) with adjustments for the complex
sample design unless specified otherwise. The survey design variables include a 8
year estimated sampling weight, the primary sampling units (P8t}ha strata.
First, the distribution of body composition (%BF, TBF, FFM), anthropometrics and
biochemical variables by sex was examined and logarithmic transfonsatere
performed to correct departures from normality on some of the body composition
measures. A chi-square test was used to examine the differences in prevalence
MetS criteria by gender and BMI categories (<23, 23-25, 25-27.49, 27.5-29(M9,

and> 40 kg/m?) as defined by WHO. Based on the Rao-Scott Chi-Square test with
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adjusted F statistics, the test of independence was considered stgtsgicaicant
at p value < 0.05.

Next, Receiver Operating Characteristic (R@@alysis (215) was carried out
separately for males and females to determine BMI values relateel poetsence of
individual or> 2 MetS risk factors. The components of MetS risk factors were used
as outcomes. The best BMI thresholds and their corresponding sensitivity and
specificity were defined based on the minimum distance from the upper left obrner
the ROC curve and the Youden’s index values. Area under the ROC Curve (AUC)
was used as a measure of the overall accuracy of performance of the RQC tes
predicting BMI cut off values for MetS criteria. The AUCs values 6t7 - <0.8;
>0.8 - <0.9; an& 0.9 correspond to the acceptable, excellent and outstanding
classification (216,239). Then, using simple regression and ROC analysis, the WC
values corresponding to the newly estimated and existent BMIs thresholds $n male
and females were determined.

Logistic regression was used to assess the association between dhaskase
of metabolic syndrome and BMI while adjusting for selected lifestyle and
demographics variables. Two dummy variables were used to code low and high BMI.
The BMI values estimated by this study as optimal BMI in predicting MskS
corresponded to 28 kg/m? and 32 kg/mz2 for males and females, respectively. The low
BMI (< 28 and < 32 kg/m?) served as the reference to facilitate the test afewnli
relationship between BMI and MetS criteria while adjusting for covariate
Comparisons were made between the odds ratios and 95% CI for specified low and

high BMI > kg/m? while adjusting for age, education, smoking, alcohol intake,
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dietary and physical activity. A value of p < 0.05 indicated statistical gignife.

The logistic regression models were modeled separately for males anelstefweo

way interaction terms were examined in each gender specific model and were
dropped when there were not statistically significant.

Weighted correlation between BMI/WC and blood glucose, blood pressure, and lipid
profiles was run by gender while adjusting for age. Furthermore, Pearson’s
correlation analysis was used to assess the degree of linear assd@atieen WC

and BMI, as well as body composition (fat and fat free mass). Subsequently,enultipl
linear regression analysis was performed to evaluate the relation betiiéandB

body fat and fat free mass measures. This was done to assess their contriblogion to t
variation in BMI among African Americans. All regressions were done atgbarfor
males and females while controlling for age. Statistical tests soem@ducted at the p-
value less than 0.05 significance level. For the analysis of the 5 multiple imputation
NHANES data, the “mim” estimation procedure was carried out to take ingrutati

into consideration (240).

Results
Subject Characteristics
A total of 4415 participants met study criteria and 49.1% were Males.
Demographic characteristics are summarizebaible 8 by gender and body mass
index categories. Males were younger than females (41.7 years vs. 43,9 years
respectively) and their average age increased correspondingly witha@dgories,
ranging from 36.7 — 44.6 years. The opposite was observed in females, with the

average age slightly decreasing with an increase in BMI values. Bet®gen 4
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72.5% of Males had up to high school education level. Males with a BM#6f

kg/m2 showed the lowest percentage of individuals with greater than high school
(27.5%). For females, the education attainment of high school and > than high school
was on average 47%. In the case of females who completed more than high school,
the education rate was similar across BMI categories with variatioMbv&ues of
23-25 kg/m2 (53%) and 27.5-29.9 kg/m? (38%). A statistically significant asieociat

(p value <0.05) between PIR and BMI categories was observed among males. The
lowest PIR (< 1.85) was recorded in 49-53% males with lower BMI categoirzb

kg/m2 and below. On average, 37.5% of males with a BMI > 25 kg/m?2 had a PIR >
3.5, while those with a PIR < 1.85 were 32%. In general, among females, a greater
percentage (49%) had a lower PIR < 1.85 compared to Males (39%). A higher
percentage (32.3-38.8%) of females with a BMI below 25 kg/m2 had a PIR > 3.5

compared to those (21-25%) with BMI 25 kg/m? and above.

Prevalence of MetS criteria across BMI categories

Variations in prevalence of MetS risk factors by gender and across BMI
categories are shown iigure 5 and 6 There was a statistically significant
association in MetS criteria with the BMI categories in males andésmia males,
high fasting blood glucose (HFBG), high blood pressure and low HDL showed an
increase percentage with high BMI categories. On the other hand, high trdggce
showed a similar trend but a decrease after BMI of 30 kg/mz2. High blood presdure ha
the highest prevalence rate in males and females. In females, the highestMatS

criteria were high blood pressure, low HDL and high fasting blood glucose (HFBG)
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Among the MetS criteria, triglycerides showed the lowest prevaletegvith a

proportionate decrease in both females and males after the Bfa0kdg/m2.

BMI cut-offs values based on the presence of MetS risk factors
Table 9 & 10summarize gender specific BMI thresholds related to the
presence of individual or two or more MetS risk factors. Among males, the BMI
thresholds for individual MetS components range between 27- 29 kg/m2. The cut off
value of having a cluster of the risk factors showed optimal combination of séwysitivi
and specificity at close to 28 kg/m2. Compared to males, the MetS critermaalese
were observed at higher ranges of BMI. As illustrated inrddgde 9, high blood
pressure was noted at BMI between 29-30 kg/m?, high fasting blood sugar was at 31-
32 kg/m?, and high triglycerides and low HDL at 32-33 kg/m2. Consequently, in
females, the findings based on sensitivity and specificity suggest a BMI of 32 kg/ m
as the most appropriate cut off value to identify the cluster of metabolic syndrome
Sensitivities, specificities and Areas under the ROC curve to identify BMI
thresholds are shown Figure 7. It is noted that a BMI of ~ 28 kg/m? was the most
sensitive and specific to identify male participants with MetS conditiongeatén
females the corresponding value was higher and equal to ~ 32 kg/m2. Using ROC
curve analysis, the newly estimated BMI cut off values correspond to the waist
circumference of 96.3 cm (sens=0.87, spec=0.86) for males and 99.2 cm (sens=0.86,
spec=0.89) for females. The estimated WC for females was also higheralesn m
under this analysis. Based on a simple regression analysis model, the WC values

based on the following equations: WC = 25.105+2.545*BMI for males and WC =
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37.944+1.938*BMI for females were similar (96.3 cm for males and 99.9 cm for
females) to ROC values.
Adjusted association between MetS criteria and BMI

Logistic regression was used to assess the association between BMI and the
likelihood of having MetS among African Americans 20 years and older after
adjusting lifestyle and demographic covariates. The independent covarmates w
were examined for incorporation into the final model included age, education,
smoking, alcohol consumption, dietary and physical activity. It appears that among
males, each of the following predictors in the multivariate models: MetSiariage
categories, fat intake and smoking status had significant or margirggiffcant
relationship with the probability of having a high BMI (28 kg/m?) after adygsior
the relationships of the other predictors. In females, only age categories t8hd Me
components showed a statistically significant association with having a@BMI
>32kg/m2.

Focusing on the primary predictor variables of interest, (MetS components),
the results show that in males the odds of having a BMI 28 kg/m? and above are
multiplied by 2.4 when a person has high blood pressure, 1.9 with high triglycerides,
1.2 for high fasting blood glucose, and 1.3 for low HDL after adjusting for the
selected demographics and dietary covariates. Among females, relative to
respondents with normal blood pressure, those with higher blood pressure had
significantly higher (150% higher) odds of having a BM32 kg/m? when adjusting
for age categories. It was also noted that relative to participants wittahor

triglycerides levels, having high triglycerides was associated with ar#$ bdds of
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high BMI. Further, individuals with high fasting blood glucose had significantly
higher odds of (3.6) of being in the category &2 kg/m?2, while low HDL

cholesterol had significantly higher odds (2.3) of BMB2 kg/m? in comparison to
participants with normal HDL cholesterol.

Correlation and multiple regression

In males, there was a high correlation between BMI and % body fat mass (.827) and
fat free mass (FFM) excluding bone content (.865). In females, the same hig
correlations were observed as showitable 11 Under the MetS criteria and BMI
correlation, the high relationship was observed with WC for males and females. Other
MetS criteria showed positive weak correlation with BMI. Only the low HDL
cholesterol had a negative relationship with BMI.

Multiple linear regression analysis was used to investigate the possible
influence of lean fat mass, bone content mass, gender and age on the relation
between BMI and body fat. BMI was used as the dependent variable. Data for males
and females were analyzed separatéfb(e 12. P- values were considered
significant at p < 0.05. Among males, the age and interaction terms (not shown) wer
not statistically significant and were excluded from the models. The bbohats
explained 88 percent of the variance in BMI. The combination of body fat mass and
lean body mass increased the explained percent of variance to 92 percent. No
significant additional variance was explained by the addition of bone mass content
and age. For females, the largest percent of BMI variance was explaibed\bfat
mass (91.8%). The incorporation of lean body mass, bone mass and age marginally

increased the Rvalue to 93 percent.
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Discussion and Conclusion
The existing WHO and NIH cut off values for BMI of 25 and 30 kg/m? were
established to delineate overweight and obesity based on observed trends in the
relationship between the BMI and morbidity and mortality rates (161) in European
Americans. The focus of the current study was to assess the unique relationship
between BMI and metabolic health risk factors for African Americams tlae health
risks that accompany excess adiposity. The optimal cut-off points for Bkl we
found to correspond to 28 kg/m2 in males and 32 kg/m? in females. These BMI cut-
offs which were predicted from the presence of MetS risk factors, are loweles
and higher for females than the currently suggested cut off values of 30 kg/m2. This
study confirms that African American females experience health isshgha8BMI
and this is in agreement with a previous study, which observed a small inarease i
risk of death at BMI 35kg/m2 or higher among AA females (228). Thus the practice
of using a single BMI standard by gender and race is not supported.

Using simple linear regression and ROC analysis, WC corresponding to the
newly estimated values of BMI (28 and 32 kg/m?) in males and females were 96 cm
and 99 cm, respectively. These findings differ from the current NCEP-AWWRII
values of> 102 cm in males anel 88 cm in females predicted from the BMI of 30
kg/m2 (7,8). The lower threshold for WC in African American males compared to
European Americans underlines the heterogeneity in WC values associated wit
metabolic risk factors in different population groups. Using the NCEP-ATPIII
definition of central obesity has contributed to the underestimation of the prevalence

of MetS among African American males. Further research is needed toredimpa
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intra-abdominal adipose tissue in relation with to WC and metabolic risk factors in
this population.

The relationships between our new BMI calculated cut offs ( > 28 and 32
kg/m?) and the presence of MetS risk factors confirmed a high prevalehiggh of
blood pressure among African Americans males and females (241). At BNHrgrea
than 28 kg and 32 kg/m?, the odds of having a high blood pressure was 140-150%
compared to participants with normal blood pressure. Although the risk of having
abnormal triglycerides has been estimated to be lower in African Amsrica
compared to European Americans (242, 243), the odds of having high triglycerides
levels were ~2 times greater among participants with higher BMI for balsrand
females, after adjusting for lifestyle and socio-economic covariatesfimding
however is not in agreement with previous studies which indicate that
hypertriglyceridemia (TG 150 mg/dL) tends to be lower at all levels of BMI in
African Americans (243). However, the inclusion of covariates (demograptdcs a
lifestyle) in our study might explain this discrepancy. Some investigaswes
suggested the use ®f130 mg/dL as the cut off value for TG (244) but further studies
are still needed to determine the appropriate TG threshold for African éaneri
Compared to males, the odds of high blood pressure and low HDL were lower in
females. There was a 20% and a 30% increase in odds for high fasting blood glucose
and low HDL respectively among males with a BMI > 28 kg/m? compared to those
with lower BMI. The odds were highest for elevated blood glucose and low HDL
among African American females (3.6 and 2.3 times) > 32kg/m?2. Previous studies

have shown a similar significant association between BMI and elevated glucose
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levels among African Americans (245). Community based screening for diabaye
enhance the diagnosis of prediabetic and diabetic status among African aae¢oic
insure early intervention.

BMI is considered a proxy for fatness. Of interest to us, this study watoals
examine the gender differences in the relationship between BMI and body
composition. Multiple regression was run with BMI as the dependent variable while
adjusting for age. The present study confirmed a high correlation betvesmnB
body fat and lean mass. The body fat mass explained a higher percent of thenvariati
in females BMI value (91.8) compared to males (88%). This relationship was
significantly influenced by age in females. The addition of lean mass sect¢lae
variance to 93%, thereby explaining a small increase but significant vaocbBb&&
in males. These findings confirm a higher fat mass among African Amddnzales
and are in agreement with previous reports (246). Further studies would be needed to
determine BMI that best classifies individuals according to body fat, vakieg into
consideration the variation in lean body mass.

This study was based on a cross-sectional data set, and further studies are
needed to confirm our findings in longitudinally monitored subjects. In summary, the
current study results show the need to consider ethnic background in defining the
BMI cut—off values that predict the presence of health risk factors. Funtinerthis
study confirmed a lower WC in males compared to females. Although body fat mas
is a useful measure in predicting BMI status, lean body mass significanthjbeited

to the variance explained by fat mass.
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Appendices

Table 8. Participant characteristics and body composition by body mass index
categories among African American adults. NHANES : 1999-2006

BMI (kg/m?)
Overall <23 23-25 25-27.49 27.5-29.99 >30 >40

Males (n=) 2169 486 358 395 341 495 94
Age (years) | 41.7+ 0.65| 36.7 (+1.52) | 40.1+ 1.99 | 41.6+£1.91 | 43.2+ 250 | 44.6 +1.32 | 43.2+ 2.22
Education(%)

< high school| 5.8 +1.29 | 3.3 + 1.56| 7.3+ 298| 58 + 218 4.9 + 2.39| 6.9 + 2.46| 11.2+ 6.46
= high school| 49.5+ 2,98 | 59.7+ 5.62| 51.7+ 6.82 | 37.9 = 7.07| 49.7 + 5.76| 43.7 * 6.35| 61.3+ 12.68
>high school | 44.6 + 2.76 | 36.9+ 5.29| 409+ 7.00 | 56.2 + 6.96| 455 + 5.69| 49.3 * 6.43| 27.5+ 11.11
*PIR

PIR<1.85 |39.7+ 256|494+ 482|529+ 726|279 + 457|395 + 6.53| 30.4 + 6.12| 33.3+ 10.17
PIR 1.85-3.5| 27.9+ 218 | 21.9+ 4.73| 289+ 6.31| 35.3 =+ 5.52| 20.8 + 5.61| 31.5 + 4.96| 31.1 + 10.92
PIR> 3.5 324+ 261|287+ 529|18.2+569 | 36.8 + 5.09| 39.6 + 6.88| 38.0 + 5.86| 35.6 + 11.18
Females(n=) 2246 282 220 275 338 856 275
Age (years) |43.9+ 0.77 | 44.7+ 2.13|48.3+ 1.44 | 41.7 + 3.00| 43.9 + 1.30| 40.9 + 1.85| 40.2 + 1.28
Education(%)

< high school| 5.6+ 0.92| 5.13+2.12| 9.6+ 3.47| 7.7+ 3.34| 50 + 2.64| 52+ 1.79| 29 184
= high school| 47.1 + 2.63| 45.6 + 7.28| 37.2+ 6.95| 43.5+ 6.55| 56.9 + 6.91| 47.8 + 4.01| 46.3+ 5.53
>high school | 47.3 + 2.59| 49.2 + 7.58| 53.1+ 6.83 | 48.8+ 6.58| 38.1 + 6.95| 46.9 + 3.91| 50.8 + 5.36
PIR <1.85 49.2 + 2.78| 44.7 £ 7.87| 30.7+ 7.70 | 59.9+ 4.90| 43.7 £ 7.65| 49.3 * 3.36| 60.4 + 7.98
PIR1.85-35 | 24.7+ 166|229 + 549|305+ 659 | 18.1+ 6.21| 30.4 = 542| 28.0 + 3.23| 14.1+ 4.47
PIR> 3.5 26.1+ 2 .46| 32.3 + 6.64| 38.8+ 555|219+ 555|258 + 6.39| 22.6 + 2.79| 25.2+ 6.50

Values are mean + standard error and percentalies: poverty index ratio
SBP, systolic blood pressure; DBP, diastolic blpoessure; FPG, fasting plasma glucose; TG, trigigies.
*PIR overall p <0.05 (Wald (Pearson) adjusted®, 47) = 2.4358 p =0.0197)
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Figure 5. Prevalence (%) of MetS criteria by BMI categories in Males
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Table 9. Sensitivity and specificity of BMI cut-offs for metabolic syncdbme

criteria in females — NHANES 1999-2006

BMI cut- BP>130/85 FBG >100 Triglycerides HDL <40 MetS
off (cm) MmHG mg/dL >150 mg/dL mg/dL > 2 factors
Sens Spec| Sens Spe¢ Sens Spe Sens Spec Sens $pec

20 98 4 100 |4 98 3 99 4 99 6
21 97 7 100 7 97 6 97 6 98 9
22 95 12 97 11 96 9 94 9 97 13
23 94 15 97 15 95 12 93 13 96 17
24 91 19 95 18 95 16 91 17 94 23
25 89 26 93 25 94 21 87 22 92 29
26 85 29 91 29 93 25 84 25 89 33
27 80 35 87 35 89 31 80 32 85 40
28 75 42 81 42 82 37 77 40 81 46
29 70 46 78 46 76 41 73 43 76 50
30 65 52 73 52 68 46 68 49 70 56
31 58 56 67 58 64 52 61 55 65 62
32 53 61 63 63 60 56 57 59 61 66
33 47 67 56 68 54 62 52 65 52 71
34 43 71 52 72 46 66 46 69 48 74

AUC (95% CI) 0.62 (0.58-0.67) 0.68 (0.64-0.72)0.60 ( 0.56-0.65)  0.61 (0.56-0.66) 80(6.64-0.73)

BMI: body mass index; BP: blood pressure; FBG:ifasblood glucose; HDL: High density lipoproteinehf:

presence o 2 criteria (BP, FBG, low HDL, high triglyceridesJens: sensitivity; Spec: specificity.

Table 10. Sensitivity and specificity of BMI cut-offs for metabolic sydrome

criteria in males — NHANES 1999-2006

BMI BP>130/85 FBG =100 Triglycerides HDL <40 MetS
(kg/m2) MmHG mg/dL =150 mg/dL mg/dL > 2 factors
Sens Spec| Sens Spe¢ Sens Spe Sens Spec Sens $pec

20 97 4 97 4 99 4 98 4 98 7
21 94 10 96 10 99 10 97 9 97 15
22 91 17 94 17 98 15 96 14 96 21
23 89 24 92 22 97 21 92 19 94 27
24 84 31 88 29 92 27 89 25 89 35
25 79 41 84 38 88 35 83 33 86 46
26 71 50 79 48 82 43 77 41 78 54
27 62 57 72 56 72 51 74 51 69 61
28 57 64 66 63 63 57 70 57 67 67
29 49 69 58 68 55 63 62 63 63 67
30 41 73 52 74 47 69 56 69 56 73
31 35 77 45 78 41 73 48 74 49 76
32 30 81 38 82 33 78 43 79 39 80
33 26 85 32 85 27 81 39 83 35 83
34 21 88 26 87 23 84 32 86 29 87

AUC (95% CI) 0.62 (0.58-0.67) 0.67 (0.63-0.71)0.64 (0.59-0.69) 0.66 (0.60-0.72) ((@®6-0.74)

BMI: body mass index; BP: blood pressure; FBG:ifasblood glucose; HDL: High density lipoproteineh:
presence o> 2 criteria (BP, FBG, low HDL, high triglyceridesJens: sensitivity; Spec: specificity.
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Figure 7. Receiver operating characteristics curves of the éstated cutoff values for

BMI that predict > 2 metabolic risk factors in males and females; NHANES 1999-2006
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Table 11. Pearson correlation coefficients between BMI and body compositi
for males and females measurements adjusted by age*

Body measures BMI (kg/cm?) MetS BMI (kg/cm?)
MALES criteria
WOMEN MALES
WOMEN
% body FM . 827 .809 |wWC . 944 . 905
Ln(FM) (g) . 904 . 922 Blood glucose . 279 . 377
BMC (g) . 449 . 531 | Systolic BP . 149 . 176
BMD (g/cm?) . 282 . 378 | Diastolic BP . 136 . 167
FFM(g) . 865 . 860 | Triglycerides . 295 . 208
HDL-cholesterol -.345 -.281

InNFM= log of fat mass; BMC = bone mineral conteBit|D= bone mineral density; FFM=fat free mass exuigd
bone mineral content; WC = waist circumference,/B&#ood pressure, HDL = high cholesterol lipoproteiAll
coefficients are significantly greater than zero.
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Table 12. Multiple regression analysis of BMI versus body fat mass, body fat
free mass and age. NHANES 1999-2004

African Americans

Men Women
Coefficient + SE Coefficient + SE
Intercept 9.457 + 0.692 12.434 + 0.814

Body fat mass (kg)
Lean body mass (kg)
Bone mass content (kg)

3.654 + 0.149*
2.278 £0.163*
-1.503 + 0.304*

4.562 + 0.142*
2.223 £0.222*
-2.928 + 0.407*

Age 0.002 + 0.006 -0.020 + 0.005*
R? 0.92 0.93
*p < 0.001
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PAPER 3. THE PREVALENCE OF METABOLIC SYNDROME AS INFLUENCED BY
MEASURES OF OBESITY & CORRELATES OF THE SYNDROME AMONG
AFRICAN AMERICANS.

Abstract
Background: African Americans have a lower prevalence of metabolic syndrome
(MetS) partly attributable to the use of metabolic criteria that may nahb&ee
specific. Currently used cut offs values for waist circumference mighbe
appropriate for this group. Our objective was to estimate MetS prevalenge usi
previously developed WC cut-offs and our estimated appropriate WC in a
representative sample of adult African Americans. Additionally, the lateseof the
syndrome were examined.
Methods: A total of 4044 subjects 20 years of age were analyzed, of whom a
subsample of 1445 had complete information on metabolic syndrome. Data were
derived from the 1999-2006 National Health and Nutrition Examination Survey.
Results Using the National Cholesterol Education Program thresholdd02 cm
for men and> 88 cm for women, the age- adjusted prevalence of metabolic syndrome
was 25.8% among men and 35.9% among women. Using the newly estimated waist
circumference values of 95 cm in men and 98 cm, an increase in age-adjusted
prevalence of metabolic syndrome was observed as (30.9%) in men while it
decreased to 30.3% for women. The estimated prevalence using the International
Diabetes Federation cut offs®®4 cm for men and 80 cm for women was 31.1%
and 38.3%, respectively. The latter prevalence was high in women. This was relate

to the low cut off value of 80 cm, which is too low for African American adult

women. Our results also showed that individuals with MetS are impacted by
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numerous physiological and biochemical abnormalities, as well as ldestglices

which negatively affect their health status.

Conclusion The prevalence of metabolic syndrome is underestimated among African
American Adults men. The continued increase in obesity and MetS syndrome is of

health concern.

Introduction

The concept of metabolic syndrome (MetS) was introduced to characterize a
simultaneous occurrence of several cardiovascular risk factors observed im¢he sa
subject. The clustering results in markedly high risk of diabetes and heasedisea
(65,247). In 2001, the National Cholesterol Education Program Expert Panel released
the Third Report on Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults (NCEP/ATPIII), which provided a working definition of the metabolic
syndrome (2,32). In 2009, five key organizations reconciled various MetS definitions
(29). The condition is diagnosed when any 3 of the 5 metabolic risk factors are
present. The risk factors consist of elevated triglyceirdEs0 mg/dL; glucose 100
mg/dL,; systolic blood pressure 130 and/ or diastolic blood pressure85 mm Hg;
reduced high density lipoprotein (men < 40 mg/dL; women <50 mg/dL); a waist
circumference of> 102 cm for men ang 88 cm for women (29). The MetS
definition also includes being treated for dyslipidemia, systemic hypenteasd
hyperglycemia, excluding use of insulin.

Although the NCEP & IDF definition (30,57) are the most widely used as they
provide a relatively simple approach and easily measurable risk factors to diagnos

MetS, ongoing research has identified other risk factors associated with the
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syndrome. MetS is a proinflammatory condition (2) characterized by high levels of
micro-inflammation factors such as C - reactive protein (2,248,249), which is
associated with a more deteriorated metabolic risk profile (250). MetSoisirsted

to a prothrombotic state with increased levels of fibrinogen concentration (251,252).
Experimental studies have reported elevated alkaline phosphatase (ALP)et&h M
and ALP might promote vascular calcification (253). Moreover, MetS is often
associated with hyperuricemia (254, 255). As early as 1923, Kylin recognized that
hyperuricemia, hypertension, and hyperglycemia tended to occur together (256).
Other risk factors such as microalbuminuria, associated with insulinaresesand
central obesity, is also included as an integral component of the MetS by some
experts (58,203). Nonalcoholic fatty liver has also recently been recogsized a
hepatic manifestation of MetS and obesity (257-260) with elevated liver eazyme
These consist of gamma-glutamyl transferase (GGT) and alanine ansfetase
(ALT) (261-264).

The use of the NCEP/ATPIII criteria to estimate the prevalence t8 Me
shows it to be a growing problem in the USA. Approximately one-quarter of North
Americans (72) are affected by MetS. However, current NCEP critaviea been met
with debate in their ability to estimate the prevalence of MetS in diffetanic
groups (265,266). For example, in African Americans (AA) who are more prone to
high blood pressure, type 2 diabetes (267), and high coronary heart disease mortality
(268), a low MetS prevalence is reported. This prevalence is lower in AA men
(25.5%) when compared to European Americans (EA) men (38.4%) (32). On the

other hand, for women, the MetS prevalence is higher (38.2%) than among EA
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women (31.3%). Given that the MetS criteria definition and prevalence for various
population remains controversial (165), a review of the limitations of egiMetS
definitions is needed. This study estimated the prevalence of MetS in AA based on
WC cutoffs the authors estimated to be more appropriate to the AA group and
assessed differential characteristics between Mets and non-MetS gmoseketted
variables. Understanding better the prevalence and correlates of MetS would
significantly affect approaches to preventing diabetes and cardiovascesalis

(CVD) among the AA population.

Methods

Survey design and study sample

We analyzed the National Health and Nutrition Examination Survey data
collected between 1999 -2006. The data are a representative sample of the non-
institutionalized population. The sample was selected based on a multistagedstrat
sampling design (270). Due to differential probabilities of participants’ tsahec
sampling weights adjusting for non-response and post stratification werdqumom
total of 4044 subjects (men and womer0 years of age, who were interviewed and
underwent medical examination, were included in this study. The exclusioracriter
included being pregnant, lactating, using insulin, having cancer and missing values.
In order to estimate the prevalence of MetS, only 1445 participants with gemple
data on NCEP/ATPIII criteria were considered. Detailed information on NEAN
dataset design specifications, consent documents, institutional review board approval

and survey operations manuals were previously published (183,184,271).
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Data collection

The NHANES data included socio-demographic, lifestyle, anthropometrics
measurements, dietary intake, medical information, clinical historiesjqathy
examination, blood serum nutrient and biochemical lab values. Demographic and
socioeconomic status data, such us poverty income ratio, education (< high school,
high school graduate, > high school), marital status and having health insuramce wer
collected using a questionnaire. An electronic scale and a fixed stadioveeteused
to measure the weight and height of participants. Dietary intake, based on a 24 hour
food intake recall, was collected to estimate intakes of energy, nutnehtgreer
food components. Dietary variables including total Kcal, fat, carbohydratejrprot
fiber, vitamin C, Carotene, vitamin E, selenium, and Iron were estimated using
USDA'’s Food and Nutrient Database for Dietary Studies 3.0 (FNDDS 3.0). Serum
concentrations of vitamin C, Carotene, Vitamin E, selenium and iron nutrients were
also measured.

The metabolic syndrome was defined comparing the 2009 Joint Scientific
Statement for NCEP and IDF and a modified NCEP/ATP lll definitiondogeize
the prevalence of MetS as influenced by the measures of obesity. WC waseaheasur
at the high point of the iliac crest to the nearest 0.1 cm during minimal respiration.
Up to three blood pressures were recorded using a standard mercury
sphygmomanometer. For subjects with three readings, the last two meadareme
were averaged; for only two reading, the last measurement was taken; lzadase
of one reading, that single measurement was considered. Glucose was measured using

an hexokinase enzymatic reaction. Serum triglycerides were determined
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enzymatically after hydrolyzation to glycerol. HDL-cholesterol was dfi@tusing
heparin-manganese chloride mixture.

The diagnosis of MetS was determined for each participant as the presence of
at least three of the components of MetS based on three definitions presented in
Table 13 Participants who reported currently using antihypertensive, antidiabetic, or
medications to control triglycerides and cholesterol levels were coeditiebe
positive for MetS (IDF and NCEP/ ATPIII (29). The cut off values used weriéas
across methods except for WC. Three categories of high waist circunefevere
defined a$102 cm (40 inches) in men ar@8 (35 inches) from NCEP/ATPIE96
cm (38 inches) in men amx®9 (39 inches) from our previous study, and the IDF
values o> 94 cm in men and 80 cm in women.

The variables selected to assess some of the characteristicstadsoitia
having MetS include urinary albumin measured by a solid-phase fluorescent
immunoassay, serum C - reactive protein measured using latex-enhanced
nephelometry, plasma levels of fibrinogen determined by the Clauss clottihgdne
using the STA-Compact. Serum alkaline phosphatase was measured usaseg Osta
Immuno Enzymetric Assay (272). Additionally, concentrations of plasma liver
function tests alanine aminotransferase, alkaline phosphatase, gammaggluta
transferase, and uric acid (273) were considered during the analysis. @ieates
of interest included age, gender, PIR, marital status, and having medical iesuranc
Detailed descriptions of data collection and analysis methods for NHANES hawe bee

previously documented (183,272,273).
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Definition of variables

For adults 20 years and older, the level of education completed was categorized as
less than 9 grade education, 9-f'grade, high school/GED, some college or
associates degree, and college graduate or higher (274). The maritalastatile

was defined as married, widowed, divorced, separated, never married, and Ithing wi
a partner. Poverty income ratio (PIR) values below 1.00 are below the officiatypover
threshold, whereas PIR values of 1.00 or greater indicate income above the poverty
level. The health insurance coverage was defined as being covered by health
insurance or some other type of health care plan including governmental programs.
Physical activity variable described participants usual daily aeswif a typical day.
The categories included sitting mainly without much walking, standing dirvgah

lot without lifting objects, lifting light load or climbing stairs or hills affeand heavy
work or carrying heavy loads (275).

C-reactive protein (CRP) was determined and classified based ongxisti
classification of the American Heart Association. A CRP <1.0 mg/L inditates

risk of developing cardiovascular disease, the levels between 1.0 and 3.0 mg/dL is
indicative of at average risk for cardiovascular disease, and higher than 3.0 mg/dL

represents being at high risk for CVD.

Statistical Analysis

Statistical analyses were performed using SAS version 9.2 (SAS m$titut Cary,

North Carolina) and STATA 11 data analysis and statistical softwaregonsgr

(StataCorp LP, College Station, TX). Descriptive analyses were ¢dauteseparately

in men and women. Data were summarized and displayed as mean and standard error
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(SE) for continuous variables and as percentage for categorical varialtlests and

v* were used for comparisons between men and women, and for comparisons of
subjects with or without MetS. Age adjusted prevalence rates of MetS lvakt=al

to eliminate the confounding effect of age. Age standardization was perfornteel by
direct method using the projected year 2000 US population by NHANES (190).
Logistic regression was used to assess the impact of multiple independainiegari
presented simultaneously, on the presence/ absence of MetS status. For eafch type

analysis, statistical significance was considered at P < 0.05.

Results

In the study, African American women who have MetS were on average
older, had higher BMI and WC compared to men and those who do not have MetS as
shown inTable 14 Within the African American men group, individuals with MetS
were also older and had higher BMI &WC than men without MetS. Distribution of
age-specific BMI Figure 8 and 9 revealed consistent high BMI among participants
with MetS for both gender. There was a statistically significant (p<Od3®)cation
between PIR and MetS status among men. A high proportion of men with No MetS
had a lower PIR, while subjects with a higher PIR showed an increase MetS status
Although education was independent of MetS status, it was observed that men and
women with lower education level had a higher percentage of MetS syndrome. Others
with higher education had a lower MetS syndrome. For marital status, suldpects w
had never married had the lowest percentage of MetS while a higher proportion was

observed among married men. Among men and women, individuals with health
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insurance showed a high proportion of MetS. In terms of lifestyle for both men and
women, those who indicated a lower daily average level of physical activityedhow
higher MetS than the most active. Alcohol intake in both genders did not show any
significant correlation with MetS status. Women and men who never smoked had a
higher MetS syndrome.

It is noticed inTable 15that an assessment of total calorie, fat, protein and
carbohydrate intake revealed a higher geo-mean among no MetS than individuals
with MetS among men and women. Age specific showed similar findings in addition
to a decreased in calorie and macronutrient intake with increasing age. otaad,pr
carbohydrate, fat intake and fiber intake were higher in men compared to women.
Men without MetS significantly consumed higher levels of total carbohg/dndtile
in women total protein and fat were significantly elevated in no MetS. This
observation was reversed within certain age categories. Men with MetS in33e 30
and 40-49 age groups consumed higher levels of calories, carbohydrate, and total fat
compared to those without MetS. In women, higher intake of total kcal was observed
in the 40-49 year of age group, and high fat consumption was recorded in the 30-39
and 40-49 age categories. Micronutrients intake including vitamin C, carotene,
vitamin E, selenium and iron were lower in MetS compared to individuals without
MetS. Only the findings for vitamin E, Selenium and Iron were statistically
significant in women. In examining the serum nutrient levels, estimatesonstted
for men due to inadequate number of subpopulation members. Among women, except
vitamin E, vitamin C, and carotene, iron consumption was statisticall\fisagrtly

lower among those with MetS.
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The evaluation of selected laboratory components is summariZedbia 15
Hepatic tests show higher laboratory values in men and women with MetS compared
to no MetS condition. The differences for ALT, ALP and GGT by MetS status were
significant among women, while for men, only the statistically sigmtieavas
observed for ALP. Other laboratory tests including CRP, fibrinogen, uric acid and
microalbuminuria were significantly higher in MetS vs. non MetS respondents in both
gender.

Table 16 summarizes age- adjusted prevalence of metabolic syndrome, which
was 30.9% for men and 30.3% for women when the threshal®8&m for men and
>98 cm for women were used. The prevalence was slightly lower in women
compared to men. The prevalence using the IDF threshal®i0oém was much
higher in women. There was no difference in the unadjusted data for men and women
using a WC standard eB5cm/98cm and94cm/80cm thresholds. However using
the WC threshold 0£102/88 cm, women had higher MetS prevalence of 34.1% and
it was lower in men 23.5%. Considering prevalence by age categories, ité@ucreas
with age ranges and reached a peak at 60-69 years of age for both gender. Elderly
men (70+ years) had similar MetS prevalence of 46.4% when usirgP®EO8 cm
and the IDF thresholds 8f94/80 cm. A lower prevalence of 39.2% was observed in
the same group when using NCEP/ATPIII thresholds1®2/88 cm. Among women,
MetS was higher across age categories when using NCEP/ATP#hdhde of>88
cm and IDF cut-offs 080 cm.

Lastly, logistic regression was run for the analysis and prediction of the

dichotomous outcome of whether individuals would be classified as having metabolic
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syndrome or not. The research hypothesis posed was that the likelihood that
individual have MetS is related to presence of biochemical, lifestyle, andydietar
predictors. The results showed that according to the model, the log of the odds
(coefficients) of having MetS was significantly and negativelgtesl to
divorced/separated marital status; stopped smoking; high percent of calorie fr
carbohydrate and protein; high vitamin E, and Iron intake ( P <Udie 17).

These specified values were associated with the less likelihood of respondergs hav
MetS holding other variables constant. The predictors for which respondents were
more likely to have MetS include age, decreased physical activity, egls kef uric

acid, and high intake of selenium.

Discussion
This study used the current definition of MetS and suggested WC thresholds to
estimate the current metabolic syndrome status among African Amedictis. he
prevalence of metabolic syndrome is higher (30.9%) in men than previously
estimated (25.5%) (269) when the criteria for abdominal obesityld2 cm was
used. This WC value was 7 cm higher than our estimated appropriate WC of 95 cm,
thus may not capture participants presenting with other metabolic components (276).
Our findings also show that the prevalence of MetS in men remains lower than the
average national rate of 34.3% (269, 277), which increased from 23.7%, the estimate
derived from using the 1988-1994 NHANES lll data (72). The prevalence oate fr

our study 30.9% gave results close to a recent estimate of 32.5% for the MetS using
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the IDF WC values of 94 cm. The observed increase of 1.6% was expected as the

IDR threshold for WC is smaller.

In women, our observed prevalence of 30.3% was lower than the national average of
32.4% and 38.2% estimated using #h&8 cm threshold). Our study suggests the use
of a WC of 98 cm, which we determined independently of BMI status and was based
on the presence of at least 2 out of the 4 other MetS criteria.

Waist circumference has been shown to be a better criterion in assessing
metabolic risk factors than BMI (72) and is the most prevalent component of MetS.
The findings in this study support the need for using a WC cutoff point that is not
estimated from existing BMI of overweight or obesity values (2). Thetdlia seed
for a consensus about which WC threshold to use in the USA. The recent harmonized
definition suggests the use of 102 cm for men and 88 cm for women (29), while the
2005 American Heart Association/National Heart, Lung and Blood Institute
recommends use of ethnic specific thresholds.

Despite the research and public interest in MetS, the definition and prevalence
estimates remain unclear for certain population groups, which may be one of the
contributing factors to the low use of metabolic syndrome by health care prawniders
the diagnosis of the syndrome (278). In order to bridge the gap between the
deteriorating health status of the population and tools needed for screening and
preventing chronic diseases, further research is needed to advance the
conceptualization and formulation of group specific thresholds for different
population groups. Among African Americans, the triglycerides and HDL cleobést

levels still require determination of thresholds that are specific to this gnouihese
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may also affect the current estimates of MetS prevalence. Considetng this

study a large percent (83%) of participants with MetS have health insurarear a
definition of MetS can enhance the diagnosis of this condition in order to implement
therapeutic lifestyles and treatments that would improve the health stdtusvarse

the high rate of death related to heart disease and diabetes (2,267).

Our findings of the demographic, anthropometrics, biochemical, and lifestyle
characteristics of individuals who have MetS are consistent with previoussstudie
(269). Older age, low education, decreased physical activity, hepatic test
abnormalities, chronic inflammatory indicators, microalbuminuria, high uret sl
high fibrinogen status are abnormalities found among individuals with MetS
compared to those without MetS. This underscores the need for effective asgessm
and health care plans to treat the syndrome. However, our logistic regressitsn res
only showed age, low physical activity, and uric acid level as significadicpoes of
positive MetS status. The inclusion of high selenium consumption among the
predictors of MetS cannot be explained by this study and require further
investigation. In general, higher intake of micronutrients and increassatahy
activity were confirmed to predict the non-MetS status. However, dietary
information provided unreliable results on the lower consumption of macronutrients
by individual with MetS. This could be related to the underestimation of food intake
by subjects with MetS and use of 24 hour recalls which might not represent an

individual regular diet.

114



Conclusion
In summary, our results indicate that the prevalence of metabolic syndrome among
African American men is higher than current rates when the WC (95cm) thattpre
the presence of MetS criteria was used. It was observed that 5.4% of individhals wi
MetS cannot be diagnosed with this condition when the NCEP-ATPIII WC of 102 cm
is considered. Among women, the prevalence of MetS slightly decreased but
remained high (~31%) when a WC of 98 cm was applied. The current NCEP-ATPIII
WC of 88 cm in women is too low and captures a percentage of subjects without
MetS. The use of WC determined based on presence of multiple metabolic risk
factors provides a better assessment of MetS than WC based on BMI. Thegstunni
increase in the MetS prevalence in the USA and among various ethnic groups coupled
with the increase in obesity (269) calls for population specific assessmena@and

strategies to reduce obesity, excess food intake, and decreased pltisital a

115



Appendices

Table 13. Diagnostic criteria of the metabolic syndrome

Rev. ATP Modified IDF
CRITERIA I ATPIII*
3or> 3or> 3or>
Components Components Components

Waist circumference
Men (cm) >102 > 95 >94
Women (cm) > 88 >99 >80
HDL Cholesterol
mg/DlI
Men <40 <40 <40
Women <50 > 50 > 50
Blood Pressure >130/85 >130/85 > 130/85
mmHg
Glucose (mg/dL) >100 > 100 > 100
Triglycerides > 150 > 150 > 150
(mg/dL)

ATPIII- Diagnostic Criteria of the Adult TreatmeRanel lll Revised by the American Heart Associatiod the National Heart,
Lung, and Blood Institute; Modified ATPIII* - Diagmstic Criteria of the Adult Treatment Panel |ll Read by the American
Heart Association and the National Heart, Lung, Blubd Institute —~WC adjusted to 95 cm for men 88ccm for women; IDF
— Diagnostic Criteria of the International Diabefesleration.
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Figure 8 . Age Specific BMI Index by MetS-African American Adult Men-
NHANES 1999-2006
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Figure 9. Age Specific BMI Index by MetS-African American Adult Women-
NHANES 1999-2006
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Table 14. Characteristics of African Americans Adults by Metabolic Syndome
Status, NHANES 1999-2006

Men Women
No MetS MetS No MetS MetS
N  Mean (SE) N Mean (SE) b Mean (SE) n Mean (SE) b
value value
Age ( years) 431 39.0(0.58) 213 50.2(0.93) 469  41.0 (0.71) 216 51.3 (1.1)
BMI (kg/m?) 419 26.4(0.29) 209 32.0(0.37) 457  29.6 (0.32) 214 36.7 (0.49)
Waist (cm) 410 91.0(0.77) 205 109.5(0.92) 440 94.0 (0.69) 213 112.3 (0.78)
PIR < 1.85 179  40.9(2.4) 80 34.2(35) 0.045 240 518)( 103 46.9(3.8)  0.057
1.85-<3.5 137  31.4(1.9) 62 29.4(3.9) 105 22.1(1.8) 67 1.4@.1)
>3.5 122 27.7(2.1) 73 36.4(3.3) 121 26.7(2.0) 46 21.6(3.8)
Education 0.93 0.13
<12 years 160 32.1(2.7) 87 34.1(4.0) 137 24.5(2.2) 83 32.8(3.4)
= 12yr/GED 113  25.3(2.0) 54 24.3(2.8) 112 2291 62 23.9(3.1)
Some college 137  30.2(2.1) 61 28.4(3.2) 180 2630( 69 30.8(3.7)
Graduate+ 59 12.4(1.7) 28 13.1(2.6) 83 16.8(2.0) 28 12.4(2.3)
Marital Status <0.001 <0.001
Married 172 36.5(2.7) 123 51.1(3.3) 146 29.4(2.1) 78 32.7(2.9)
Widowed 23 2.7(0.4) 21 7.0(1.7) a7 6.8(1.0) 53 .912.5)
divorced/separated 52 10.5(1.4) 31 14.2(2.2) 11723.2(1.6) 61 26.2(3.2)
with partner 164  38.9(2.7) 32 15.5(2.6) 147 CIANS) | 35 17.6(2.9)
never married 45 11.2(1.6) 22 12.1(2.3) 46 94 (1. 11 5.5(1.6)
Health Insurance
Yes 323 67.4(2.7) 195 83.1(2.4) <0.001 405 79.5(2.4 202 84.1(2.9) 0.188
No 139 32.6(2.7) 34 16.9(2.4) 102 20.5(2.4) 38 .8(%9)
Physical Activity <0.001 0.072
mainly seats 94 18.2(1.6) 76 29.1(2.4) 140 2681 92 37.5(3.9)
stand or walk 234  49.9(2.4) 118 53.9(3.1) 297 6874) 121 49.6(3.9)
light load, stairs,
hills 96 21.3(1.9) 24 11.1(2.2) 64 12.6(1.8) 22 .9(2.1)
heavy load 46 10.5(2.1) 10 5.8(1.9) 14 3.1(1.0) 7 2.9(1.3)
Alcohol Intake 0.07 0.512
<30 drinks/month 303 84.4(2.2) 156 91.1(2.3) 405 95.6(0.9) 193 96.1(1.4)
> 30 -< 60 /month 34 10.8(1.8) 11 7.7(2.2) 12 2.9(0.9) 4 1.6(0.9)
> 61 drinks/month 16 4.7(1.2) 2 1.2(0.8) 6 1.404 3 2.3(1.4)
Cigarette Smoking <0.001 0.037
Daily 163  35.5(2.6) 63 28.6(3.3) 94 18.4(1.8) 46 21.7(3.0)
Stopped 73 12.7(1.2) 66 23.3(2.6) 65 11.7(1.4) 52 17.8(2.3)
Never 233 51.8(2.6) 108 48.1(3.5) 354 69.9(2.6) 441 60.5(3.2)

Mean (SE) : mean and standard error; No MetS =raiesef metabolic syndrome ; MetS= Presence of3 or
metabolic syndrome criteria; BMI: body mass indeiR : Poverty income ratio.
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Table 15. Comparison of dietary intake, nutrient serum levels and biocheoal
characteristics by metabolic syndrome status among African AmericaAdults,
NHANES 1999-2006*

Men Women
No MetS MetS No MetS MetS
Dietary N Mean (SE) N Mean (SE) pvalue N Mean (SE) N Mean (SE) Pvalue
Total Kcal 207 2347 (61.3) 406 2079 (65.3) 0.001 214 17064)39. 437 1553 (43.6) 0.023
Total Prot. (gm) 207 82 (2.6) 406 78 (2.5) 0.109 214 61 (1.7) 437  (159) 0.044
(Tgor;"’;' CHO 207  276(7.1) 406 242 (8.6) 0001 214  205(5.4) 437194 (5.6)  0.203
Total Fat (gm) 207 80 (2.9) 405 76 (3.1) 0.191 214 62 (1.4) 437 (5Y) 0.005
Fiber (gm) 207 11.3(0.9) 406 89(1.3) 0.09 214 8.9 (0.4) 437 8.4 (0.6) 0.524
Vitamin C (mg) 207 65.9(11.3) 402 44.4 (11.6) 197 214 39.3(4.8) 437  53.2(10.3) 0.249
Carotene (RE) 31 139.2(31.6) 57 79.2 (32.8) 0.14137 130.2 (16.9) 84  162.1(37.7) 0.418
Vitamin E (mg) 207 7.5 (0.8) 405 6.1(0.6) 0.09 214 6.6 (0.3) 437 5.3(0.4) 0.014
Selenium (mcg) 207 114.1 (5.7) 406 117.3(6.9) 0.736 214 98.9 (4.1) 437 67.8 (4.5) 0.000
Iron (mg) 207 14.1(0.4) 406 14.1(0.5) 0.96 214 11.0(0.3) 437 9.0 (0.3) 0.009
SERUM
\nq;?g'”c 124 0 239 0 0 120  0.87(0.02) 250  0.61(0.05)0.001
Carotene ug/dL 178 ) 360 ) )] 176 2.4 (0.19) 370 1.5(0.17) .00t
L’gfc‘j”c'” E 211 0 422 0 () 213 996.8(17.1) 455 997.1838. 0.997
Iron ug/dL 87 “) 187 ) “) 154 67.0 (2.6) 417 67.1(2.7) 9
Means - geo-mean & standard error. Total Kcal Energy (kcal); Total Prot.: Total Protein (gm); total CHO: carbohydrate (gm); Total fat (gm);
*p value based on log results. (-) omitted due to inadequate number of subpopulation members.
Biochemical Laboratory Characteristics by MetabolicSyndrome Status among African American adults ,
NHANES 1999-2006*
Men Women
No MetS MetS No MetS MetS
HEPATIC
TEST n Mean (SE) N Mean (SE) Pvalue n Mean (SE) Mean (SE) Pvalue
ALT (U/L) 210 27.3(0.9) 421 28.2(1.0) 0.502 213 18.9 (0.6) 452 21.3(0.8) 0.015
ALP (U/L) 177 66.5 (1.2) 360 72.7(1.9) o0.01 176 67.8 (1.4) 367 76.1 (1.7) 0.001
GGT (U/L) 210 37.3(3.03) 422 41.5 (3.4) 0.341 213 22.7 (1.1) 452 33.1(3.3) 0.004
OTHERS
CRP (mg/dL) 211 0.13(0.01) 426 0.29 (0.03) p.001 214 0.23 (0.02) 462  0.62(0.05) 0.001
Fibr. mg/dL 70 361.7 (9.3) 104  396.3 (12.2) 0.03 73 386.8 (7.4) 123 439.7 (11.9) 0.002
uric acid 210 6.1(0.16) 422 7.0 (0.21) 213 4.8 (0.15) 452 5.7 (0.14)
mg/dL 0.001 0.001
Micralb. mg/dL 209 10.3 (0.6) 423 18.6(2.0) 0.001 215 10.8 (0.5) 452 18.6 (1.9) 0.001

Means - geo-mean & standard error; ALT - Alaningretransferase ALT (U/L) ; ALP Alkaline phosphatg&)/L); GGT (U/L); CRP C-reactive
protein(mg/dL); Fibr. Fibrinogen; Micralb. Micrdaiminuria(mg/L) *p value based on log results.
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Table 16. Age -adjusted and age-specific prevalence of metabolic syndrome
among African Americans adults, NHANES 1999-2006

Mets** Mets
N Sy'\r’]'gfz* " NCEP o IDF

Syndrome Syndrome
Adjusted 1457 30.6 (1.2) 31.5(1.1) 35.2 (0.9)
Men 700 30.9 (1.8) 25.8 (1.7) 31.1(1.7)
Women 757 30.3 (1.3) 35.9 (1.2) 38.3(1.1)
Unadjusted 1329 28.3 (0.6) 29.3 (1.1) 28.7 (1.1)
Men 644 28.4 (1.9) 23.5 (1.8) 28.6 (1.9)
Women 685 28.8 (1.4) 34.1 (1.5) 28.8 (1.3)
Men
20-29 126 8.6 (2.2) 5.3(1.9) 8.6 (2.2
30-39 126 21.9(3.8) 19.6 ( 3.4) 21.9 (3.8)
40-49 137 29.1 (3.8) 23.7 (3.5) 29.9 (3.7)
50-59 65 43.7 (5.3) 35.5 (5.0) 43.7 (5.3)
60-69 110 60.5 (3.8) 52.6 (4.1) 60.5 (3.8)
70+ 80 46.4 (4.1) 39.2 (4.7) 46.4 (4.1)
Women
20-29 114 10.2 (2.8) 12.4 (3.3) 14.5 (3.2)
30-39 131 19.8 (3.4) 20.8 (3.2) 20.8 (3.2)
40-49 160 28.8 (4.1) 36.5 (4.1) 40.4 (4.2)
50-59 85 38.7 (5.2) 51.9 (5.2) 51.9 (5.3)
60-69 110 59.7 (3.6) 60.4 (3.6) 64.7 (3.4)
70+ 85 43.4 (5.2) 51.9 (5.5) 54.5 (5.0)

* MetS- Metabolic Syndrome defined using Waist @irderence (WC} 95cm in men ang 98 cm in women

** MetS- Metabolic Syndrome defined using W02 cm in men and 88 cm in women (NCEP/ATP)

*** MetS- Metabolic Syndrome defined using W94 cm in men and 80 cm in women (IDF)
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Table 17. Predictors of metabolic syndrome status by selected factors amg

African American adults, NHANES 1999-2006

Variables DF | Estimate| Standard | Wald Chi- Pr > Chi-
Error Square Square
Intercept 1 -24.142¢6  3.7234 42.042b6 <.0001
Age 60 + yrs 1 2.1953 0.7721 8.0833 0.0045
physical seat 1 16.0856 2.3241 47.9026 <.0001
activity
stairs, hill light load 1 14.1954 3.0035 22.3379 <.0001
Walk stand 1 13.788¢ 2.3165 35.431 <.0001
Marital divorced separated 1 -1.5027 0.6159 5.9524 0.0147
status
never married 1 0.7731 1.3116 0.3474 0.555¢
Partner 1 -0.2395 1.6663 0.0207 0.8857
Widowed 1 0.746 0.8449 0.7796 0.3773
smoking daily/ sometimes 1 -0.7349 1.2137 0.3666 0.5448
Stopped 1 -2.5249 0.4944 26.0849 <.0001
PCALCHO percent of CHO 1 -0.0304 0.0165 3.4275 0.0641
PCALPROT percent of Prot 1 -0.2427 0.0742 10.7081 0.0011
LBXSUA Uric acid 1 0.599 0.2435 6.0496 0.0139
LOGVITE log vit E 1 -0.8379 0.4268 3.8549 0.0496
LOGSEL log sel 1 3.2573 1.1398 8.1668 0.0043
LOGIRN Log Iron 1 -1.3628 0.6666 4.1803 0.0409

Pcalcho = percent of calories from carbohydratejgtot: percent of calories from protein;
Likelihood ratioy?= 1503264.77 (df=27), P <0.0001.
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Chapter 5: SUMMARY AND IMPLICATIONS

The study examined the waist circumference and body mass index cigroffs
African Americans according to the clustering of metabolic syndroskedactors.
It also assessed the prevalence of MetS as influenced by measures ofastaesity
correlates of the syndrome. Using NHANES 1999-2006 data, the major findings
suggest that current NCEP/ATP Il waist circumference of 102 cmtéaitkentify
individuals with multiple metabolic risk factors among males, while for fentlae
88 cm threshold include individuals without MetS resulting in the estimation of a
high prevalence of MetS in women. The thresholds with relative high sensitidity a
specificity are 95 cm in men and 98 cm in women. Findings on the relationship
between BMI and metabolic health risk factors, that accompany exdipssity,
show that African American females experience health issues at higBBg/m?
compared to males at 28kg/m2. Corresponding waist circumference valugs usi
simple linear regression or ROC analysis were 96 cm and 99 cm, respebbively
males and females. Thus the findings support the need to review existing WC cut off
values. The evaluation of MetS prevalence using the newly estimated WC values
revealed a higher age-adjusted MetS prevalence of 30.9% than current estimated of
25.5% and a decrease in MetS rate among women (30.3%) compared to the national
average of 32.4% among women.
Implications

African American females have high obesity rates compared to men.dragen

MetS prevalence and obesity continue to rise in the USA. With increaske tesit,

reduced quality of life, and the need to lower health disparities, successkmniwa
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and management of increasing metabolic abnormalities and related cardiavas

and type 2 diabetes illnesses require accurate identification of higimdatigiduals.
Defining population based MetS criteria will enhance its diagnosis, aasvitle
prevention and control of non-communicable diseases. This implies using simplified
screening tools to identify high risk individuals that would yield effectiverugntion

and costs. Within the African American population group, further researth is s
needed to conceptualize this MetS. This would provide appropriate cut off values for

other MetS criteria such as triglycerides and HDL Cholesterol.
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