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Background Recent studies have associated neck circumference (NC)meitidbolic
and cardiovascular diseassk factors. No studiedesigned to examindC as a measure

of cardiometabolic risks have beperfamedin Saudi ArabigKSA).

Objective: This study aimed to analyze the association between NC and several
cardiometabolic riskactors,and to determine the coff point value of NC for predicting

women at increased risk of metabolic syndrqMetS).

Methods: This crosssectional study compriseaf 700 participants (623 women and 77
men aged 1870). Study performed in Riyadh city, KSAlnternational Diabetes
Federation IDF) guidelines were used to diagnddetS among the subjects. The main
indicators atdied were NC, waist circumference (WC), body mass index (BMI), body fat
%, blood pressure, plasma glucose, total cholesterol, lipopsoteiglycerides, and

homeostasis model assessmestimated insulin  resistance (HOMR) levels.



Covarianceandlogistic regression analyses wergedto evaluatethe associationf NC
to cadiometabolic risk factorseparately bygendes. Receivers operating characteristic

(ROC) curves analyses warsed tadeterminghe optimal cutoffs.

Results: NC is associated witlBMI and WC in men and women. In women, it is
associated with cardiometabolic risk factors beyond other anthropometric indices. NC is
independently associated with all cardiometabolic risk facgcept LDL (P < 0.001).
Fully adjusted OR (95% CI) valuesrfmcremental increases in NC for women were 1.70
(1.482.94) for raised fasting glucose; 1.29 (B1%5) for raised blood pressure; 1.25
(1.1301.38) for high triglycerides; 1.20 (1.D2.40) for insulin resistance; and 1.14 (102
1.40) for low HDLc. Womenin the largest NC quartile were 13 times more liKENR
(95% CJ): 13.39 6.35- 28.23] to haveMetS compared to the lowest NC quartile after
adjustments for possible confounders (all P < 0.Bibally, our results indicated that the
appropriateNC to predict three or more metabolic risk factors in Saudi women is 35.5
cm. This cutoff value was associated with a much greater rigket® in participants

with both high and normal BMI and/C values.

Conclusion:NC is significantly and independently assoethtvith cardiometabolic risk

factors in adult Saudi women.
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Chapter 1: Introduction

The Kingdom of Saudi Arabia has undergone a remarkable and rapid economic
development over the past two decadks2]. The discovery of oil irhuge quantities
generated sudoh wealth, and the average family income increased shadipyincrease
in income was found to be accompanied by a riseamliometaboliacdiseaseswhich
were previouslyreported to beassociated with the more economically developed
countries. Of theseverweight and obesity are the most prominent and influential due to
increased risk of morbidity and mortality. Obesity accounts for over 600 million deaths
every year §). The prevalence of overweight and obesity is rising to epidemic
proportions at an afming rate in both developed OWesternizedO and developing
countries around the world,(5, 6). Obesity will probablytradecigarette smoking as the
mainkiller of Americans in the next century)(The prevalence of obesity has increased
by about 1040%in the majority of European countries in the kestyears 8). Over the
same period, the prevalence of obesity in the Gulf region found to be among the highest
in the world Q). The prevalence adverweight andbesity among Saudiationfound to
be aronnd 536 (10). Obesityrelateddiseass includetype 2 diabetesheart disease,

stroke, and certain types of cancer, some of the leading causes of preventable death.

Obesity @idemiology is the impetus for proper obesity care and appropriate
allocatian of resources for its controlL{). Considering thegreateconomic and human
costs associated with obesity, preventof this disease ian urgent needManagement
of obesity is identical with prevention of cardiometabolsedse, and must be a priority.

For intervention prevention is vital to protect the loitgrm health of patientd 2). There
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are several methods of assessing overweight and aqbesitth as bioelectrical
impedance, duatnergy xray absorptiometry, and total body watehich areused for
measuring body fatl@). Some methods are more applicatdgrimary clinics, such as
height weight waist and hipcircumferencesre used for measuring body mass index
(BMI), and waist/hip ratiqWHR). The most widely used assessment iSBMi. The

BMI is a mathematical calculation used for determiriiregwhole bodyadiposity and is
calculated by dividing a person's body weight in kilogramghaysquare oheight in
meters {4). BMI is not a sensitive indicator of either tr@mountor the distributionof

body fat (5). Body fat distribution is verified through numerouosethods, as waist
circumference (WC), waist/hip ratio (WHR), and neck circumference (NC). WC is
correspondedo abdominal visceral fat (VF), which ghownto have a major role in
cardianetabolic risk(16, 17). On the other handupperbody subcutaneous fat (SF)
relates to cardiometabolic risk as much as abdominglL8F Besidesthe free fatty acid
release from upper body subcutaneous fat was found to be larger than that from lower
body subcutaneous fal9), a furtherfact thatstrengthens thsignificanceof measuring
upperbody subcutaneous adipose tissue defdts. neckcircumference isanindex of
upper body SF that cortates with wholebody adiposity (BMI) (20), abdominal
adipasity (WC and waisto-hip ratio) (21), abdominal VF18) and components of the
metabolic syndrome (MetS), such as systolic and diastolic blood predsigigserides,

total cholesterol, fasting glucose and insulin resistance (@R) 23, 24). Despite tle
popularuse of the WC in the evaluation of cardiometabolic risk, it has some limitations
(25). Whereas different clinical studies have been using different anatomical sites in

measuring WC. However, specific site used to measure the WC influencdssthete
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WC value that is obtaine®). In addition WC is subject to variations during the day
and under health conditions (e.g. sevebesity, lipoabdominoplasty, AscifeBinally, it

might not be practical for large population studies or primary danes, especially in

cold weather and heavy clothing. Measuring tlexk circumferences easier than
measuring the WC, which reveals a large variability in its procedure. Furthermore, the
neck circumferenceeasurements can be useful in clinical saregnfor persons with an

increased risk of cardiometabotiseases??).

This is the first study thataids in establishment ofneck circumference
measurement aan accurate assessment tool for overweight and obesity for Saudi
population. Themain goals @& to exanine whether neck circumferencan be used to
identify overweight, obety and to test its application ipredictingthe cardiometabolic
risk factors in Saudi adult populatian the city of Riyadh.The data generated will
provide standardized sesssment tools to determine accurate prevalence, treatment
protocols, and achieve control of obesity among Saudi population. Moreover, findings
will contribute in preventing the epidemic of obesity and its complications in Saudi

Arabia and the entire Aradm Gulf.



Objectives

1) To evaluate ta ability of neck circumferencén diagnosing overweight and

obesity instudy subjects orgulty.

2) To specify the cardimetabolic risk factors #t correlate withneck circumference
and examine whethereck circumfeenceis associated with these candietabolic

risk factors independently.

3) To determine the optimal cutoff point value méck circumferencéor predicting

women at increased risk of metabolic syndrome.

Research Questions

Question 1What is the associatiobetween overall obesity (as measured by BMI) and
upperbody adiposity (as measured by nick circumference or by waist circumferance)

Saudi adult?

Question 2 What is tle ability of neck circumferencen predicting overweight and

obesity in patients?

Question 3: What are the cardioetabolic risk factors (central obesity,
hypertriglyceridemiareducedhigh density lipoprotein cholesterdiDLc), elevatedow
density lipoprotein cholesterolLDLc), hyperglycemia, hypertensipnand insulin

resistancelR)) that correlatenost closelywith elevatecheck circumference



!
Question 4: What are the cardiometabolic risk factorsentral obesity,
hypertriglyceridemiareducedHDLc, elevatedLDLc, hyperglycemia, hypertension and

metabolic syndromend IR)thatcorrebtemost closelywith elevated WC?

Question 5: Is neck circumferencessociated with these cardiometabolic risk factors

independently?

Question 6:What are the odds ratios for the development ofctneliometabolic risk
factors (central obesity, hypertiygeridemia, low HDLc, IR, hyperglycemia,

hypertension and metabolic syndrome) in subjects with elevated neck circumference?

Question 7What are the optimajender specific BMtutoff values for the diagnosis of

adiposity in Saudi adults that predict ieased risk of theardiometabolic risk factors?

Question 8:What are the optimajender specific WCutoff values for the diagnosis of

adiposity in Saudi adults that predict increased risk ot#indiometabolic risk factors?

Question9: What are the optiad gender specificeck circumferenceutoff values for
the diagnosis of adiposity in Saudi adults that predict increased risk of the

cardiometabolic risk factors?

Questionl0: What is the prevalence of Saudi adultsigk of cardianetabolic factors
usingBMI (! 30kg/nf), WC (male > 94cm, and female > 80cm), aedk circumference

determined in questiodf?

Questionll: Is thee a synergistic effect for the joint levels of neck circumference and

BMI or WC on the metabolisyndrom&



Literature Review

Cardiometabolic risks or diseases

Obesity

Obesity is defined medically as a state of increased adipose tissue of sufficient
magnitude to produce adverse health consequences and is associated with increased
morbidity and mortalityZ8, 29). The main risk factorthat lead to obesity, poor nutrition
and inactivity combined, are the second leading cause of preventable death after tobacco.
The morbidity and mortality risk from being overweight is proportional to its degree.
Obesity is associated with significant ieases in risk foiType2 diabetes mellitus,
hyperlipidemia, high cholesterol, coronary artery disease, gallbladder disease,
osteoarthritis, and degenerative joint disease. Colon, rectum and prostate cancer are more
prevalent in obese men. Whereas, in womeéerus, biliary tract, breast and ovary

cancer are highly prevale(g0).

Obesity is a disease that affects nearly-thmel of the Americamdultpopulation
(34.9% or approximately 79 millignThe number of overweight and obese Americans
has continue to increase since 1960, a trend that is not slowing down. Ta@y,
percent of adult Americans are categorized as being overweight or obese. Each year,
obesity causes at least 300,000 excess deaths in the U.S., and healthcare costs of
American adults wth obesity amount to approximateBi47billion (American Obesity

Association, 2@5) (31).



Hypertension (HTN)

Hypertension ismedicalconditionin which the blood pressure is chronically
elevatedBlood pressure is the force of blood pressing agaimsimills of the arteries.
High blood pressure raises the heart's workload and can cause serious damage to the
arteries.Persistent hypertension is one of the risk factors for strokes, heart attacks, heart
failure and can cause chronic renal failuHypertension is classified as essential
(primary) or secondary. In essential hypertension, no specific medical cause can explain a
patient's conditionlt may be due téamily history or lifestyle. Most people with elevated
blood pressuréave essential hypertgon. Secondary hypertension, on the other hand, is
less common and is the result oéing certain medicines or presence asfother
condition such as kidney disease or adrenal gland tu(B88r 33). Elevated blood
pressure is associated with obesity anacgée intolerance and insulin resistance. The
strength of this relation varies in different populati¢@4, 35). Globally, high blood
pressure is estimated to cause 7.5 million deaths, about 12.8% of the total of all deaths

(36).

Diabetes mellitus (DM)

Diabetes mellitus is a metabolic disorder of impaired carbohydrate, fat, and
protein metabolism either by ladk insulin secretion (Typel diabetes) or by decrease in
sensitivity of tissues to insulin (Type2 diabetes), or b(8f). Diabetes mellitus
characterized by hyperglycemia. Hyperglycemia is defineonaaired fasting glucose
IFG (as defined by the Americddiabetes Association)mpaired glucose tolerand&T

or diabetes38).



Diabetes was estimated to affe¢l5 million adults (2@79 years of age)
worldwide in 205. According to International Diabetes Federation (IDF), the number of
people with diabetesiithe world will reach 642 million by 20439). More than90% of
diabetes cases aflgype2 diabetes, a progressive disease that leads to dysfu@acttbn
failure of various organandthe emergence of retinopathy, neuropathy, and nephropathy
(40). Type 2 dabetes increases the risk of heart disease, stroke, ayaiséi mortality by

1.44.5 times 41, 42).

Dyslipidemia

The dyslipidemia is a condition marked by abnormality in lipid or lipoprotein
concentrations in the blood. A typical feature of obesityulinsresistance, Type2
diabetes, and metabolic syndrome, atherogenic dyslipidemia has emerged as an important
risk factor for cardiovascular disease (CVD) and stroke. It characterized by increased
total cholesterol, lowdensity lipprotein (LDL) cholesteldp apdipoprotein B, and
triglyceride, and decrease higlensity lipoprotein (HDL) cholesterol concentration in the
blood. The lipid abnormalities are due to the interaction of genetic factors with
environmental influences including diet, physical activapd stress(43, 44, 45).
Dyslipidemia in obesity or metabolic syndrome are related to insulin resistance and some

mediators like hepatic lipase, lipoprotein lipase and cholesterol ester transfer piGtein (

47).



Insulin resistance(IR)

Insulin resistace is the condition in which liver, skeletal muscle and adipose
tissue cells become less sensitive and eventually resistant to ihssiiln resistance in
fat cells results isuppressingjpogenesisvhile promotes lipolysi®f stored triglycerides
andhenceincreases of free fatty acids in the blobdmuscle, insulin resistance reduces
whole bodyglucose uptakéy 60-70% whereadn liver it reduces glucose storage, both
would cause an increase in blood gluc@s® 49). Insulin resistance is presantmost
obese people. The insulin resistance seen in obesity is believed to involve primarily
muscle and liver. Severatudies have shown that upper body adiposity is strongly
associated with insulin resistance. Excess upper body fat can be accumulated as
subcutaneous (truncady intraperitoneal (visceraljat. Results from numerous studies
suggest that excess visceral fat is more strongly correlated with insulin resistance than
any other adipose tissue compartmed, (51); other researchers claim thatcess
subcutaneous upper body fat has a significant association with insulin resiS@&r. (
In general, the pattern of upper body adiposity correlates more strongly with insulin
resistance and lipid abnortitg than lower body obesityElevated circlating free fatty

acids are key factor that links upper body adiposity and insulin resisth &by,

The insulin resistanceyndrome, which is synonymous to metabolic syndrome,
defines the cluster ofabnormalities thatoccur more frequently in insulinesistant
individuals. These include glucose intolerarayslipidemia endothelial dysfunction and
elevated procoagulant factorglevated infammatory markers, abnormal uric acid
metabolism, sleepdisordered breathingnd increased ovarian testosteronecrséon

(56). Clinical syndromes associated with insulin resistance include type 2 diabetes,

I A
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essential hypertension, cardiovascular disease,-alommolic fatty liver disease,

polycystic ovary syndrome, and certdorms of cancer and sleep &aré9, 56).

Ultimately, raisedevel of circulating free fatty acids schief factor that links
obesity, dyslipidemia and insulin resistands8, (59). The enlarging adipose tissue
discharges high levels of FFA into the portal and systemic circuld®reQ); this will
result in accumulation of lipid in areas other than adipose tissue and the ectopic fat
storage syndrome could occur. In muscles and liver, increaseshvifFAromote insulin
resistance 1, 62) and dyslipidemiag3). These FFAs decrease insulin siéwity in
muscle by inhibiting insulin signaling, glucose phosphorylation, glycogen synthase and
pyruvate dehydrogenasé4( 58). Whereas, increases in free fatty acid flux to the liver
will increase hepatic triglyceride synthesis. As a result of hygbuteridemia, a
decrease in the cholesterol content of KHDEsults from decreases in the cholesteryl
ester content of the lipopratecore (65). In additionLDL composition willbe alteredto
a small dense LDL resulting in increase of very low lipopnst€VLDL) (66). This
change in LDL composition is attributable to relative depletion of unesterified and
esterified cholesterol, and phospholipids, with either no change or an increase in LDL

triglycerides (67).



Metabolic syndrome(MetS)

The IDF considrs the obesity epidemic to be one of the main drivers of the high
prevalence of the Met@5). Metabolic syndrome (MetS) the name for a grougf risk
factors that increases the development of cardiovascular diseastypeiti diabetes
mellitus @8). The metabolic risk factors including central obesity, atherogenic
dyslipidemia, elevated plasma glucose, elevated blood pressure, prothrombotic and a
proinflammatory state. In the effort of finding diagnosticl tmo the metabolic syndrome
(MetS) in clinicalpractice, several different sets of criteria have been recommended by
different organizations for identifying patients with MetS. The more accepted of these
definitions has been proposed by World Health Organization (WHO), the European
Group for the Studwf Insulin Resistance (EGIR), the American Association of Clinical
Endocrinologists (AACE), the National Cholesterol Education Proghadult Treatment

Panel IIl (NECP ATP Ill), and International Diabetes Federation (1B§,)G8).

The World Health Orgamation (WHO) definitionconsideransulin resistance as
the majorcausalrisk factor and requires itadicators[impaired glucose tolerance (IGT),
impaired fasting glucose (IFG), type 2 diabetes mellitus, or impaired disposal of glucose
under hyperinsutiemic, euglycemic conditioh$or diagnosis. The presence of one of the
several markers of insulin resistenand at least two of the following risk factors;
obesity, hypertension, high triglycerides, reduced HDL cholesterol and microalbuminuria
constitutes a diagnosis of metabolic syndronRatients with type 2 diabetes mellitus are

at higher risk for cardiovascular disead®)( Therefore, the WHO groumdicatesthe
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term metabolic syndrome to be used in patients Wipe2 diabetes who met the

requiremets for this syndromé69).

In 1999 the European Group for the Study of Insulin Resistance (EGIR) defined
the syndrome in nediabetic individuals who have hyperinsulinemldey proposed to
use fasting insulin levels to estimate insulin resistamdereagplasma insulin levels in
the upper quartile of the population will define insulin resistame.their criteria,
elevated fasting plasma insulin plus 2 other factors including abdominal obesity,
hypertension, increased triglycerides, decreased HDL cbhodsind increased fasting
plasma glucose will define metabolic syndrored if subjects were receiving treatment

for hypertension or dyslipidemia they were considered to have the risk fa@xor (

The otherimportant criteria came from the National Clesterol Education
Program (NCEP), Adult Treatment Panel Ill (ATP Ill) in 200hese criteria daot
include any measure of insulin resistance, which m#kes more practical to use in
epidemiological studies and clinical practice. In addittbesecriteria do not emplsize
a single cause and inclugaist circumference as the measure of obesity. The definition
is based onthe WHO criteria and requires the presence of at least three of five
components including elevated triglycerides, reduced HDL cleotdsthypertension,
elevated fasting glucose and central obedity. (Few years latein 2005,the ATP llI
statedsomemodificationsin metabolic syndrome definition including using lower waist
circumferencejncluding the medication use for high triglgades, low HDLc and high
blood pressure as the risk factor for these conditions even when their values are normal,
and reducing the blood glucose thresholds for hyperglycemia from 11Q rtgg/ti00
mg/dL (72).
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In 2003 the American Association of ClinicaEndocrinologists (AACE)
announced a position statement misulin resistance syndroméViajor factors for
identifying the insulin resistance syndrome are raised blood pressure, raised triglycerides,
reduced HDIk cholesterol, raised fasting and post loadicgke, and obesity. The
diagnosis forthe insulin resistancgyndrome ibasedon clinical judgment. The AACE
statement does not provide a specific number of factors for definitidnsa$yndrome.

Other factors used tdecidethe clinical judgmentare: family history of CVD or type 2
diabetesmellitus, polycystic ovary syndrome and hyperuricemia. By this definition the
term Oinsulin resistance syndromeO can be amitedthe person is diagnosed with

Type 2 diabete%g).

In 2005, he International Dibetes Federation (IDF) proposed new criteria that
modify ATP IlI definition. This definition requires the presence of abdominal obesity for
diagnosis of syndrome. The justification for this requirement is that abdominal obesity is
highly correlated with isulin resistance and other components of the syndrome. And it is

asimple diagnostic tool to be use in clinical practice and research worldsvide (

Recently (2009), IDF and AHA/NHLBI representatives held discussions to
attempt to resolve the remainingriationsbetween definitions of metabolic syndrome.
The establishment of a set of criteria, to be used worldwide is grudihlagreeelupon
cut points for different ethnic groups and sexes. This is crucial for international
comparisons and to facilitatbe etiology worldwideBoth sides agreed that abdominal
obesity should not be a prerequisite fiegtabolic syndromeliagnosis Instead abdominal
obesity will bel of 5 criteria Hence the presence of any 3 of 5 risk factors constitutes a
diagnosis of mibolic syndromeAll definitions agree on the key elements of the MetS
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including obesity, insulin resistance, hypertension and dyslipidemia. However they
provide different criteria and cut points to define this condition. The different criteria

proposeddr clinical diagnosis of metabolic syndrome are summarized in Table 1.

IDF and AHA/NHLBI representatives believe thatefiding thresholds dr
abdominal obesity is comphted, in partas a resulof differences in the relation of
abdominal obesity to othenetabolic risk factorsn different ethnic groupsMoreover
predictive values fodifferentlevels of abdominal obesity faardiovascular diseasasd
diabetescould differ. Consequently, they demandeahdrterm prospective studies to
reach more reliabl waist circumference cut points for different ethnic groups,
particularly for women(73). Table 2 lists current international recommendations
projectedby the IDF for thresholds of abdominal obesity to be used as 1 component of

the metabolic syndrome.



Table 1. Criteria for clinical diagnosis of metabolic syndrome

WHO EGIR NCEP ATP Il AACE IDF NCEP ATP Ill  Harmonizing ®
(1999) (1999) (2001)"V (2003) ©®) (2005) €7 (2005)"? (2009)**
GT, IFG, T2DM and/or Fasting plasma insulin  Three or more IGT or IFG Plus Central obesity Three or more Three or more
MetS insulin resistance Plus 2 > 75 percentile for non- following any of the defined as WC with  following following
definition or more of the following  diabetic individuals following based ethnic specific
Plus 2 or more of the on clinical cutoffs plus 2 or
following judgment more of the following
Central Men: WHR>0.90 Women: Men: WC =94 cm Men: WC =102 cm BMI =25 kg/m2 Defined as WC with  Men: WC =90 cm Defined as WC
obesity WHR>0.85 Women: WC =80 cm Women: WC =88 ethnic specific Women: WC =80 with ethnic
And/or BMI>30kg/m2 cm cutoffs cm specific cutoffs
Triglycerides TG =150 mg/dL TG >180 mg/dL and/or TG =150 mg/dL TG =150 mg/dL TG =150 mg/d L TG =150 mg/d L TG =150 mg/d L
(1.7 mmol/L) medication use for (1.7 mmol/L) (1.7 mmol/L) (1.7 mmol/L) or (1.7 mmol/L) or (1.7 mmol/L) or
dyslipidemia specific treatment for medication use for  specific treatment
dyslipidemia dyslipidemia for dyslipidemia
HDLc Men: <35 mg/d L HDLc <39 mg/d L Men: <40 mg/dL  Men: <40 mg/dL  Men: <40 mg/d L Men: <40 mg/d L Men: <40 mg/d L
(<0.9 mmol/L) Women: (<1.0mmol/L) and/or (<1.03 mmol/L) (<1.03 mmol/L) Women: <50 mg/dl (<1.03 mmoliL) Women: <50
<39 mg/dl (<1.0mmol/L) medication use for Women: <50 Women: <50 (<1.29 mmol/L) or Women: <50 mg/dl mg/dl (<1.29
dyslipidemia mg/dl (<1.29 mg/dl (<1.29 specific treatment for (<1.29 mmol/L) or  mmol/L) or
mmol/L) mmol/L) dyslipidemia medication use for  specific treatment
dyslipidemia for dyslipidemia
Fasting IFG, IGT*, or T2DM > 110 mg/dL(=6.1 > 110 mg/dL(=6.1 IGT or IFG (Not > 100 mg/dL or > 100 mg/dL > 100 mg/dL
glucose mmol/L) mmol/L) diabetes) previously diagnosed (=5.6 mmol/L) (=5.6 mmol/L)
with T2DM
Blood = 140/90 mmHg = 140/90 mmHg or >130/85 mmHg  =130/85 mmHg  =130/85 mmHgor  =130/85mmHgor = 130/85 mmHg
pressure treatment for treatment for treatment for or treatment for
hypertension hypertension hypertension hypertension
Other Microalbuminuria (urinary Family history of

albumin excretion rate > CVD or T2DM,

20mg/min or poly cystic Ovary
albumin:creatinin e ratio syndrome and
> 30 mg/g) hyperuricemia

BMI, body mass index; CVD, cardiovascular disease; HDLc, high density lipoprotein cholesterol; IGT, impaired glucose toleranc e; IFG, impaired fasting glucose; T2DM, type 2
diabetes mellitus; WHR, waist to hip ratio; WC, waist circumference.

* |FG: fasting plasma glucose >=6.1 mmol/L (110 mg/dL) and <7 mmol/L (126 mg/dL) per WHO 1999 criteria. (ADA has chosen a lower cutoff of 5. 6mmol/L or 100mg/dL); IGT:
fasting plasma glucose (if available) <7.0 mmol/L (126 mg/dL) AND 2 hour post 75g glucose drink of >= 7 .8 mmol/L (140 mg/dL) and <11.1 mmol/L (200 mg/dL).

** The Joint Interim Statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National H eart, Lung, and Blood Institute; American Heart
Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity .



Table 2. Current recommended waist circumference thresholds for abdominal obesity by
organizations

Recommended Waist Circumference

Population Organization Threshold for Abdominal Obesity
Men Women

Europoid IDF (2 1 94cm 1 80 cm

Caucasian WHO 19 1 94 cm (inc.rea'sed ri§k) 1 80 cm (in'cre:.alsed ri§k)
I 102 cm (still higher risk) ! 88 cm (still higher risk)

United States AHA/NHLBI (ATPIII)*7® 1102 cm ! 88 cm

Canada Health Canada /"™ 1102 cm ! 88cm

European Cardiovascular

European Societies 1102 cm 1 88cm

Asian (including 5 72 1 90 cm 1 80 cm

Japanese)

Asian WHO €9 ! 90 cm 1 80 cm

Japanese Japanese Obesity Society P ! 85 cm 1 90 cm

China Cooperative Task Force ®? 1 85cm I 80 cm

Middle East IDF ("2 ! 94cm ! 80cm

Mediterranean

Sub-Saharan African IDF 2 ! 94cm 1 80 cm

Ethnic Central and IDE | 94 ¢cm | 80cm

South American

*Recent AHA/NHLBI guidelines for metabolic syndrome recognize an increased risk for CVD and diabetes at waist -
circumference thresholds of ! 94 cm in men and ! 80 cm in women and identify these as optional cut points for
individuals or populations with incr eased insulin resistance.

The pathogenesis of metabolic syndrome and its components is multifarious and
remains to challenge the professionals. The underlying risk factors for developing
metabolic syndrome appear to be changeable such as, abdominal obesity (57, 83)
physical inactiity (83, 84) and insulin resistance (85). Other related risk factors are

genetic profile (72, 86), aging (87), and hormonal imbalance (88).



Obesity and related cardiometabolic diseases in Saudi Arabia

The Kingdomof Saudi Arabia KSA) has witnessed a significant lifgle shift
over the last 60 years. The rapid modernization withrthasionof new lifestyle habits
has resulted in rapid and progressive increase in the prevalence of ¢b8aity. ranked
among the top 10 countries with regard to the prevalence oftyl{89). The IDF
believes the obesity epidemic to be one of the key drivers of the high prevalence of the
MetS. Obesity contributes to hypertensityperglycemia high serum TGs, low HDL

cholesterol and insulin resistance, and is associated with higtizri€k (45).

Overweight and obesitgre emerging as major public health concerns in Saudi Arabia.
The Saudi population seems to be the next victim of obesity since it has reached alarming
level. The prevalence of obesity in Saudi Arabia has been repgorteel about 14% in
childrenup to83% in adult This wide variation due to the differences in criteria used to
define obesity and due to the differences in age, sex, and health status of subjcs
study(90). According to recemationalprevalencealataof Saudis aged 15 years or older
aroundtwo thirds of adult womenare either overweigh28.0%) or obese (33.5%). In

contrast, 33.4% of the men are overweight and 24.1% are @i}se

Diabetes mellitus (DM)is highly prevalenin Saudi adultsin 2004, 23.7% of Saudi
adult were found to bdiabetic according to a national representative (&a In 2013,
Saudi Arabia has théth highest national dlzetes prevalence (20.2%) wosdde (92).
From recent datain a nationally representative samplenadre than 10 milliorSaudis
aged 15 years or oldethe prevalence of diabetes has been founddd3.4 %

Interestingly largepercentagé€43.6 %) of diabetic individuals wersdiagnosedd3)
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Hypertension(HTN) and borderline hypertension were higphgvalent inSaudi Arabia.

15% Saudis aged 15 years or older had hypertension and 40.6%, or 5,222,051, had
borderline hypertension. Besides, the data revealed high rates of undignos

hypertension (57.8%(p4).

Cardiovasculardisease¢CVDs)werethe magpr cause of death (27%gr Saudi nation in
2002(95). Recent data revealed that, among Saudis aged 15 years or oldergpaited
that they were previously diagrosed with hypercholesterolemia. And.5% had
hypercholesterolemia as measuredrésearchGaboratory tests with blood cholesterol
level greater or equal to 6.2 mmolMowever 65.1% were undiagnosed or unaware of
their condition. 19.6% of Saudisad borderline hypercholesterolemia with measured

blood cholesterol levels between 5.18 and 6.2 Hum@6).

Metabolic syndrome (MetSaccording to the National Cholesterol Education Program
Third Adult Treatment Panel (NCEP ATP IIl) w&5.3% (CI 33.887.01). Low HDL
cholesterol was the most common MetS component with almost 9 out of 10 (88.6%) of
subects affected followed by hypertriglyceridemia with a prevalence of 34e&&S
prevalence increased with age, whereas individuals ag#d @ars had MetS in almost

6 out of 10 adults.9(7). Another reent data usethternational Diabetes Federation (IDF)

definition, reportedMetS prevalence a28.3%(98).

High Prevalencef undiagnosed diseasas shocking in a country with free
medical care and high resources. Indeed, these data call for action to control the burden
of cardiometabolic diseas@sthe kinglom. A national plan to increase awareness, early

detection, and control @lardiometabolic diseasesurgently neede(B9).



Obesity Assessment tools

Obesity is mainly diagnosed through calculating body mass index and sometimes
through measuringody fatdistribution; skinfolds,waist to hip circumferencetio, and
waist circumferenceMany studies have demonstrated that Neck circumference (NC) is a
good predictor for obesity and cardiovascular disease in a@0it94, 100,22). Other
techniques, suchsabioelectrical impedance, duahergy xray absorptiometry, and total

body water, can also be used for measuring body i (01).
Body mass index (BMI)

BMI is usually considered a surrogate marker of excess adiposity in terms of
overweight and obesitf102 103). The body mass index is a mathematical calculation
used for determining whether a patient is overweight or obese, and is calculated by
dividing a person's body weight in kilograms by the sqoétesightin meter or by using
the conversion witlpounds (Ibs) and inches (in) squared as shown béwerweight is
defined as a body mass index (BMI) between 25 and 29.9kdDesity is defined as a

BMI of 30 kg/nt or higher (4) as inTable 3.
BMI = weight (kg) CHeight (M) or

BMI = Weight (Ibg OHeight (in?) X 704.5



Table 3. Classification of BMI according  to the WHO study group ( 2000)

Obesity classifications BMI (kg/m ?)
Under weight <18.5
Normal weight 18.5bP24.9
Over weight 25BD29.9
Obese class | 30BD34.9
Obese class Il 35B39.9
Obese class Il > 40

This equation is fairly accurate for all individualdowever, BMI has some
limitations as a measure of total body fat since its formula depends only upon weight and
height, and it does not depict the trualp composition. BMI may overestimateody fat
in lean persons who are very muscular, in contrary vesikmates body fat in persons
who have less muscle mas&5( BMI has been shown to be associated with
cardiovascular diseases, diabetes and hypeotenisi Caucasians104, 105, 106).
Nevertheless, Caucasian people in the USA generally have a lower percéitadye fat
for the same BMI than those in EuropE){). Also, Asians generally have a higher
percentage of body fat than Caucasian people of the same age, sex, and BMI. Therefore,
if the US prediction formulalQ8) is applied to these populations, the patage of body
fat is underestimated.Q9. In the same vein, a recent studySaudi Arabiallustrated a
significant limitation in using BMI alone to diagnosing obesity and its relative metabolic
risk factors in the Saudi population. This study foundnaneased risk of hypertension
and diabetes relative to BMI, starting at a BMI as low as 21 %dyut overall there is no
cutoff BMI level with high predictive value for the development of these chronic

diseases, including the WHO definition of obesit@htl of 30 kg/nf. The optimal BMI
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cutoff points for overweight ranged from 28.50 to 29.50 for males and from 30.50 to
31.50 for females depending on the risk factor being studied. These values are higher in
general but, much higher in females thBMI ! 25kg/nf, the values suggested by WHO
(table 3). The authors stated several reasons for the failing of BMI as a tool to classify
obesity; BMI does not reflect fatness uniformly in different populations and ethnic groups
(110,111, 112,113 and Saudwomen have short stae with a mean height of 1.54

which could be the second reason for limiting the usefulness of BMI inpdipslation

(113.
Waist-to-hip ratio (WHR)

Historically, the waisto-hip ratio is the most studiednd wellestablished
measurement of fat distributioriL{4). The cardiometabolic risks related to an increase in
body weight and obesity are not limited to just increases in body fat mass but are also
associated with body fat distribution. A specific area of interest is the -bppgr fat
mass relative to lowdsody fat mass. This is generally assessed by a comparison of waist
and hip circumference measurements and is expressed as th&owgstatio (WHR).

Health risk increases with increase in uppedy fat (3). Waistto-hip ratio (WHR)
showed relatively strong correlations with total cholesterol, {dbblesterol and
triacylglyceride concentration in both men and womehl%). Bouchard {991)(116)

categorized obesity into fouypes:

Type 1is characterized by a uniform bodst fdistribution; adipose tissue is not highly

localized in any given region of the body.



Type 2 or android obesity is expressed as high accumulation of body fat in the trunk,

primarily in the subcutaneous tissue regions.

Type 3represents individuals witkxcessive body fat in the abdominal viscera.

Type 4or gynoid shows localization of stores in the gluteofemoral region.

Including the four categories, Types 2 and 4 represent the two most well known
expressions of obesity. Type 2 or android obesity snofiesignated as the OappleO, due
to the excess accumulation of adipose tissue in the upper todk/ @bdomen), giving
the subject rounded appearance much like an apple. In contrast, type 4 or gynoid is
known as the OpearO, with regional fat distributio the lower body (hips, pelvis and
lower extremities). WHR higher than Of8r women and 0.95 for meis defined as
android obesity 17, 118 119. Android obesity haseenshown to be significant
predictors of coronary heart disease (CHD2(). In adlition, Rebuffe et al (1990
considered that the android phenotype prone to high release of free fatty acids from intra

abdominal depots, thus leading to altered metabolic functi¢ai

Waist circumference (WC)

In 1998 (122) the National HeartLung, and Blood Institutg NHLBI) in
cooperation with the National Institute of Diabetes and Digestive and Kidney Diseases
have determined that waist circumference alone without hip measurement correlates
better with biomarkers of health risk (e.g., hygedemia, hyperglycemia, hypertension)
and health outcomes (actual disease and mortalgniral adiposity increases the risk

for cardiovascular and other diseases independent of obesity. Clinicians may use the WC
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as a measure of central adiposithe waist circumference cudffs established by the

NIH to identify those at increased riglere

Men: >102 cm (>40in.)
Women: >88 cm (>35in.)

WHO agreed to the same cutoff points pronounced by NHLBI and considered
them the most effective technique foressing abdominal faig). According toWHO, a
person will havelower risk if WC is! 79cm in women! 93cm in menincreased riskf
WC is 80-87cm in women, 9401cm in mepandsubstantially increased riskWC is "
88cm in women,"102cm in men X4). The waist circumference thresholds are not
reliable for patients with a BMI greater than 35 kg/h23. Whereas, International
Diabetes Federation established different-aftitpoints for different ethnic groups
categorize as; a WC of > 97cm (37 in) forlesaand >80 cm (34 in) for female Europids
population; as well as WC of > 90cm (37 in) for males, and >80 cm (34 in) for female
South Asians, Chinese and Japanese populdti®h (table 3. European Cardiovascular
Societies and Health Canada recommeritatithe threshold for waist circumference to
define abdominal obesity should be higher as presentédhlle 2(77, 78, 79). Recent
studyin the Middle East showethat optimal WC cubff point 85 cm for both sex in
Tunisian populatior(125). Other studes at the Arabian Gulf region indicated that WC
and WHR predicMetSrisk better than BMIThe optimal WC cubff points are 80.0 cm
for men and 84.5 cm for women among Omani populatio6)(M2C cutoff points for
Iranian were 90 cm for men an®0.3cm forwomen) andor Iragi were(97 cm for men
and 99 cm for women (127, 128) Beside, in Qatarmen WC at a cuff 99.5 cm

resulted in the highest sensitivi(81.6%9 and specificity(63.9%) In women, WC at a

! ! H#



I
cutoff 91 cm resulted in the highest sensiyvdand specificity of 86.5% and 64.7%,

respectively 129).

WC is reported asa cardiometabolic predictor in literatyrget it has some
drawbacks. For individuals with a BMt 35, waist circumference adds little to the
predictive power of the disease risk classificatndrBMI (130). The risk prediction of
WC is influenced by the anatomic location of measurement, especially nmemvo
Accordingly, the choice of measurement protocol may bias research findings and
influence clinical decisiomaking.MasonandKatzmarzyk(131), emphasized that until a
uniform approach to the measurement of WC is widely agreed, the location of
measurerant should be an important consideration in the interpretation of WC
measurementsl81, 26). Waist circumference accuracy is limited in some situations,
including pregnancy, medical conditions where there is distension of the abdomen, such
as ascitic, oreduction of the abdomen, such as abdominal liposuction or tummy tuck
(Abdominoplasty)27). The main limitation of the WC measure is thigeinter-ethnic
variability thatarises for certain ethnic groups and for children and young p&p#eial
threshotl for WC is being recommended in several different populations and ethnic
groups (presented in table 2). Whereas, the risk associated with a particular WC will
differ in different populations. This is especially relevantaisountry without local cut

off levels suchas Saudi Arabia.



Neck Circumference as an indicator of cardiometabolic risk factors

Obesity is well known to cause metabolic abnormalitiise distribution of
excess adipose tissue may be considered to be more important than totebfdéinng
metabolic and cardiovascular rigk32). Upperbody obesity is more associated with
glucose intolerance, insulin resistance, diabetes, hypertriglyceridemia, and uric calculous
disease than is lowdaody obesity 20). Visceral adipose tissue (VATs acknowledged
as a unique pathogenic fat depot. Elevated VAT may indicate metabolic risk over
assessments provided by standard anthropometric measures, such as body mass index
(BMI) and waist circumferencé/NC) (133). Large amount of VAT increases risk
certain obesity related complications, such as insulin resistance, type 2 diabetes, and
atherosclerosis1@4, 135). Neverthelesssome studiesshowed thatVAT accounts for
only modest correlations with cardiometabolic risk factors, implying that other
mechanisms, or other fat depots, may also contribute to the development of
cardiovascular disease (CVD) risk factat8,(133). Upperbody fat distribution has long
been recognized as correlated to increased cardiovascular disease risk, where neck
skinfold (117) or neck circumference (N)36, 137) has been used as an index for such
an adverse risk profile. Moreover, free fatty acid release from uubr subcutaneous
fat depots $AT) was reported to be larger than that from loledy subcutaneous fat or
from visceraladipose tissuyesuggesting that this fat depot may play a considerable role in
risk factor pathogenesisl®8, 53). Raisedfree fatty acid concentrations have been
associated with insulin resistance, increased very low density lipoprotelestmol
production, and endothelial cell dysfunctidi8g). The strong correlation between SAT

and cardiometabolic risk factors may determinedoy the results from somé40, 141,

! ! H#



I

142) but not allstudies(143, 144). Neck circumference is a proxy measuor upper

body subcutaneous fat depo8AT), and the association has been examined. Among 258
men from the control group of the Fat Redistribution and Metabolic Change in HIV
Infection study, upper body section fat was found to be independently asdowigt
insulin resistance even after adjustment for VAZ5). In another study of 145 control
participants from the Fat Redistribution and Metabolic study revealed that increased
levels of uppebody section fat were positively associated with LDL chele$ and
inversely associated with HDL cholesterol levels, after adjustment for demographic and
lifestyle factors {46). According to the Framinghamedrt Study, neck circumferente

a proxy of uppebody section fat, and is a novel, discrete, and patinodat depot both
independent of and synergistic with VATI8). While the adjustment for VAT diminishes

the association between neck circumference and cardiometabolic risk factors, it is
essential to note that most associations remained statisticafificsigt (18). Neck
circumferencas correlated with body mass index (BMI) and cardiovascular risk factors
(147, 21). Some studies have demonstrated that neck circumference may be an
independent correlate of metabolic risk factors even above and beyondrBMiaist
circumferencg148, 21). While other presented the neck circumference as a simple, time
saving and cost effective measure to assess overweight and obesity, esgadiadly
winter and in busy primary care practic€0). Several studies have ewmed the
association between neck circumference and cardiometabolic risk fadterk
circumference has been compared directly with VAT with respect to their association
with cardiometabolic risk factordNeck circumferencés considered an index of uppe

body obesity and associates positively with changes in systolic and diastolic blood
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pressure and other components of the metabolic syndizigheNeck circumferencéas
been found to be a good clinical predictor of insulin resistance, menstrual irggular
infertility, hirsutism, and the Polycystic Ovarian Syndrome (PCQA®)0)( A cross
sectional study among 1912 Turkish adults, estimagett circumferencas an indicator

of central obesity. And even with the adjustment for sexli ageneck circumfeence
was significantly associated with metabolic syndromet@)land obstructive sleep apnea
syndrome (OSAS) in both genders. WC has higher independent associationet8th M
While bothneck circumferencand WC were reported to share significant indeleece

of association with OSAS wherelmgck circumferencappeared to be a superior marker
in men and WC in womer2{). In contrast, aother study found a greater association of
neck circumferencavith cadiometabolic risk factors in women as comparechwiten.
According to a crossectional analysis of 541 Finnish individuals, neck circumference in
the highest quintile was associated with nearlyfald increased risk of impaired fasting
glucose in women after adjustment for BMI. No association was feeemen. Neck
circumferencewas also found to be associated with approximatelyf@d3increase of
hypertension, after adjustment for BMI, in both men and worh@@).(A crosssectional
study of 4053 Chinessubjects reportedeck circumferences indepedently correlated
with Fatty liver disease (FLD). The participants with FLD had significantly higkek
circumferencdevels and other anthropometric measures (body weight, WC, HC, BMI
and WHR) in both men and women compared with-RbB participants. Cosistently,

the FLD participants had higher fasting blood glucose, blood pressure, blood uric acid,
triglycerides, total cholesterol, apolipoprotein B, and apolipoprotein E, as well as alanine

transaminase (ALT), aspartate transaminase (AST) @hdgtamyltranspeptidase (GGT).



Moreover, even after adjusting for age, logistic regression analysis presented a strong
positive association betweereck circumferencand FLD in both men and women.
Whereas, after additional adjusting for BMI and WC, the correspgn@Rs were
attenuated to 1.92.53 (P <0.001) in women and 12508 (P <0.001) in men. Anteck
circumferencecut off pointsof 38 cmin men and 34 cm in womemad the optimal

sensitivity and specificity to predict subjects with FLTAY).

The availalk® up to date cedff points of neck circumferencdor determining
subjects withoverweight,obesity and metaboli@and cardiovascular diseasieks are

presented in the following table.

Table 4. Current recommended neck circumferenc e cutoff point s for overweight ,
obesity, and metabolic syndrome risks by literature .

Male Female
Study Year |Country| n- Over-wt | Obese | APd- | MetS 1 0t | Obese | APd- | MetS
obesity | risk obesity | risk
- ————————————————————————————————|

Ben-Noun et al. ?? 2001 |Israel [253 |! 37cm |! 39.5cm ! 34cm | ! 36.5cm
Onat et al. @V 2009 |Turkey |1912 38.5cm | 39cm 34.5cm | 35cm
Yang et al. 447 2010 |China |3182 |! 38cm 1 39cm |! 35cm 1 35cm
Hingorjo et al. 9 2012 |Pakistan | 155 |> 35.5cm [> 37.5cm >32cm | >33.5cm
Kumar et al."** 2012 |India  |203 >37cm >34cm
Zhou et al. 52 2013 [China |4201 >37cm >33cm
Stabe et al. ?” 2013 |Brazil |1053 >40cm >36.1cm
El Din et al. %9 2013 |Egypt |6718 |! 38cm |l 40.25cm | 36cm | ! 37.25cm
Aswathappa et al. @ |2013 |India 1351 | >36cm >38cm >32cm >34cm
Kumar et al. @® 2014 |India 431 >37cm >34cm
Yan et al. % 2014 |China | 2092 >38cm >38cm >35cm >35cm
Limpawattana et al. “°?|2016 |Thailand | 589 >39cm >33cm

Over-wt: Overweight; MetS risk : metabolic syndrome; Abd -obesity: Abdominal obesity
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Possible biological mechanisms

Obesity is no longer viewed as a single disease, but rather as a complex condition
manifested in multiple expressions or phenotypic forms. For example, two obese
individuals, though similar in height, age and weight, may not appear exactly alike. One
individual may carry more weight on his upper body (trunk/ or abdominal), while his
counterpart exhibits a heavier weight distribution in the lower extremities. This has led
researchers to establish a classification scheme, to determine how these various
expressions may alter a patientOs disease and mortality pidfle \hereas, the
android phenotype prone to high release of free fatty acids that lead to altered metabolic
functioning. Literatures strongly suggest that free fatty acids are an important link
between obesity and insulin resistance. Some studiesrbpudedthat is due to upper
body/visceral adipose tissueldd), while others have established that upper
bodyksubcutaneous fat is responsible for higher release of free fatty d(id41, 142,

158). The excess free fatty acid releaagesociated with upper body/subcutaneoushs

been suggested to be one mechanisthat clarifies the association between
cardometabolic risks and neck circumferer(@®). The inability of insulin to adequately
suppress FFA release from upper body subcutaneous fat is the major defect in upper body
obesity (58, 159) and Type2 diabetes ¥60). It is well recognized, however, thatgh

levels of FFA can mediate insulin resistance in musk#d, (162) and liver(163, 164).

As a result of the failure to suppress FFA, inhibition of carbohydrate oxidation and
glycogen synthesis in muscle during hyperinsulinerh@)( reduction in the learance

of insulin by the liver 166), and elevation in VLDtriglyceride production X67) will

occur. The other potential mechanism might be related to upper bodyl6at 169),

! ! H#
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which could be estimated by theckcircumferencg170, 18). The excess &S increase
oxidative stress, thereby triggering the inflammatory response and progressive liver
damage. Stojiljkovic et al171) reported that an acute raise in plasma lipids increased the
concentration of the oxidative stress biomarkeidéprostanesral raised the possibility

of the cardiovascular risk factor cluster. These observations nilightinate the
mechanism by which aglevatedneck circumference independently increases the risk of

cardiometabolic risks and the developing fatty liver dise@sg. 1)

Figure 1. Mechanisms linking a hypertrophic neck with the development of fatty

liver dis ease
/v Insulin rlesistance
/ FFAS¢ Hyperglycaemia
De novo Iipogenesisf
e, T / Triglyceride
I FFAs / syrIthesis
Neck circumference f l Steatosis

Oxidation stress

FFAs: Free Fatty Acids

- Source: Huang BX et al. (149)



Chapter 2: Methods

Study Design

A crosssectionalkurvey was conducted in King Khalid University Hospital
(KKUH) primary health careentersin Riyadh city, Kingdom of Saudi Arahialuring

September 2014April 2016, using a total of G0 adults aged 180 years.

Study setting

The studywasconducted in the city of Riyadh. Riyadh is the capital and largest
city of Saudi Arabia, with a population of approximately 5 million. Whereas, 65% are
Saudi and 35% are nédaudi. The city is locateid the center of the Kingdom of Saudi
Arabia (Riyadh Principality). The study setting coresilsif primary health care center of
King Khalid University Hospital (KKUH) in Riyadh city. This setting was selected for
carrying out the study as a surrogatedqyopulatiorbased study that would be ideal for
the recruitment ofstudy subjes but was challenging given the limitedtime and
resources. The attendants of KKUH setting actually repredémé Saudi population in
Riyadh since any Saudvas eligible for getting primary care services at this center
regardless of any personal or sedemographic, or economic factors. Moreover, the
attendantaverea mix of healthy (coming for preventive services) as wellrdsealthy

individuals.
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Study population

The target population for this study considf all Saudi men and women aged
1870 years who atteed KKUH primary health care centar Riyadh city during the
time of the studylnference from the sampling to the target population might be possible
if we can assume that Saudi men and women who attended primary health care center
were not different from other Saudi population living in Riyadh, whether they used
primary health care center services or not. This assumption may need to be evaluated
through compang the basic socidemographic characteristics in the study sample with
the corresponding national indicators. If statistically significant differences were
revealed, the study findings would only be inferred to men and women in the sampling

population.

A written consent was obtained from each of the clients about their willingness to
participate, after explaining the purpose of the study, to assure that information would be

kept confidentialand used strictly for research purpose.

Eligibility criteria

This study enrolled subjects with the following criteria: Saudi men and women
aged18-70 years old.
Subjects with the conditions below were excluded from the study:

I Pregnant and lactating women.

I Having thyroid nodule.

I Having serious diseases (i.e. Organlte, Transplant, Cancer)

I Having impaireedecision capacity or mental illness.

! ! H#



!
Sample size calculations

Power: In order to determine the approprig@mple sizéor the study, an
analysis of statistical power was perforn{@d2). Statistical power ithe probability that
the Null Hypothesiswhen the null hypothesis is falseill be rejected. For a specific
statistical procedure, the likelihood of rejecting the Null Hypothesis is a function of: a)
the alpha level for testing the Null Hypothesis; b teffectsizefor the independent
variable or variables being tested; and c)stmplesize. By fixing the alpha level and
effectsize, thesamplesize needed to attain a desired power leweluld be
determinedSamplesizecomputations for the presestudy assumed that the statistical
tests would be conducted at alpha0#5, and that the independent variable had a
moderate effectsize (equivalent to a correlation 08).(175) Samplesizes were
computed to attain a more lenient level of power (Be@86) as well as a more stringent
one (Beta =0.95). A power level 0f0.80 is considered acceptable for an exploratory
study. At this power level, there is an 80% probability of rejecting the Null Hypothesis
when the assumed effesizeis true. A powe level 0f0.95 is considered necessary for a
more definitive study in which the costs of retaining a false Null Hypothesis are
greater. With a power level 0f0.95, there is a 95% probability of rejecting the Null

Hypothesis if the assumed effetzeis true.

In this study, the @mputations of theamplesizesneeded to attain th@ 80 and
0.95 levels of statisticalqwer were performed using the Bdwer3 software package
(173). For the analyses involving partial correlatignthere was areedfor between
84 and 138 subject®r each gender. For analyses within a multiple regression framework
with ten predictors there was aneedfor between172 and 245 subjects for each



!
gender. For the logistic regression analyses, we eédtween 600 and 1200 sabjs

for each gender.

As for the discrimination betweerormalandsubject at cardiometabolic risthe
sample sizevascalculated based on the accuracy of a test calculation. It dspendhe

following (174):

¥ Type | error- alpha: { -level, twosided)

¥ Type Il error- ("-level)

¥ Area under ROC curve: the hypothesized Area under the ROC curve (the AUC
expected to be found in the study).

¥ Null hypothesis value: the null hypothesis AUC.

¥ Ratio of sample sizes in nega / positive groups. In this work, the negative is the

normalsubjectand thesubject with cardiometabolic risk the positive.

The following table presents the sensitivity analysis for sample size calculations for ROC

curve using the MedCalc™ Versioh2.5.0.0 statistical software package

ROC ROC Ratio Sample size

AP Beta area (HA) area (Ho) (-ve/+ve)

-ve +ve
0.05 0.2 0.8 0.5 3/1 9 27
0.05 0.1 0.8 0.5 3/1 12 36
0.05 0.2 0.75 0.5 3/1 14 42
0.05 0.1 0.75 0.5 3/1 18 54
0.05 0.2 0.7 0.5 3/1 22 66
0.05 0.1 0.7 0.5 3/1 29 87
0.05 0.2 0.65 0.5 3/1 39 117
0.05 0.1 0.65 0.5 3/1 52 156
0.05 0.2 0.6 0.5 3/1 86 264
0.05 0.1 0.6 0.5 3/1 118 354




ROC curve area of Owas determined to be §8=22+66.

Eventually, based on the primary outcome measure of differences in
cardiometabolic risks on neck circumferentes sample size 0600, for each gender
wasdetermined to havB0% power withtwo-tailed significancelevel of 5% to detect a
moderate effect sizeThe sarple sizes was estimated to be large enough for the
regression analysis with 10 or more independent variables according to Hsieh et al., 1998
(176). The calculation was performed using the G*Power3 software package (173), and

MedCalc” Version 12.5.0.0 stadtical software package.

Sampling technique

Ideally, subjectsshould be selected by systematic random sampling from the
patients' registers in KKUH primary health care center. A sampling frame would thus be
constructed (separate by gender) according hi® eligibility criteria, and then a
systematic random sample is recruited with the periodicity of selection determined by
dividing the total eligible population by the required sample size. Then, the selected
persons would be contacted and invited to pipdie. We found that this process is not
feasible in a conservative community, and would lead to considerable selection bias due
to nonresponse. Therefore, the sampling frame was constructed from the daily booking
logs of the center. Names and file numsbef all Saudi men and women ages/f8years
wereobtained first in the morning. Then, the systematic random sampling technique was
used to select participants from these frames. We used the following formula for
systematic sampling: K N/n. whereas;he population size (N) is the number of total

eligible population (Saudi males and females aged(L8ears) and the required sample

35
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size (n) was chosen based on the power calculation. Therefore, n=700, and the total
eligible population were N=4,167. Therimula then became 5!94167/700. In order for
systematic sampling to be valid, the first item was randomly selected from the first K
items in the daily booking logs until the target sample size of 700 was achieved. We then

looked at every ®subject fran KKUH primary health care center.

In the case of rejection or if participant did not meet the study criteria, the next
adjacent participant was selected. This has been done fedajiscof the week in each
center to avoid any bias related to the dafythe week. At the end of each day, the list
form (personal identifier) was destroyelfet, we do keep a list of the participants file

numbers only to avoid taking or selecting them again in the future.

Then, researchers rescreened the selected personsligibility using the
screening tool Appendix 1; 1A-Arabic version and 1HEnglish version). If eligibility
criteria were met, the participantsvere invited to participate, providedith informed
written consentAppendix 2), and asked to answer questipon a volunteer basis, with
estimated time of 225 minutes in order to complete the survapigendix 3; 3A-Arabic
version and 3HEEnglish version). The selected subjegteseasked to participate one time
only. All procedures and required datarefully explained. Theyereassured that they
would not be identified and the informatievould strictly be used for the purpose of this

research study.

Data Collection

This work have beemlone in collaborative work with Biomarkers Research
Program(BRP), Kingsaud University, Riyadh (KSAgata collectionwvascarried out by

! ! H#
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the researcher and her team over a periodahdnths from September 2014 Aqril
2016. The Ethics Committee of the King Saud University, Riyadh, Kingdom of
SaudiArabiaand University oMMarylandCollege Parknstitutional Review Board (IRB)

approved the studyAppendix 4).

The data collection tools included an interview questionnaire, anthropometric

measurement, clinical assessment, and blood biochemical tests.

l. Interview Questionnaire

For collecting data for the study, a preded interview questionnaire was
designed. Since Arabic is the primary language among Saudi people, the questionnaire
has been designed in Arabic then translated into English language. Prior to using the
Arabic quesionnaire, the researcher carried out a pilot study in the waiting area of the
same primary health care center. The aim was to test the clarity of the questions and the
time needed for the interview. The pilot consisted of a convenience sample of 26 client
(11 Men and 15 women) aged 18 to 51 years. All those invited to participate gave their
oral consent. Based on the participant respoasésthe clientsO ability to understand,
some questions were modified, excluded and added to the questionnaire. & Bpdirh
in the interview averaged 15 minutes. The pilot sample was not included as a part of the

actual study sample.

The questionnaire was judged for its face validity through review by experts in
nutrition and behavior sciengestudents in the Masterrsd PhD programs in Nutrition
and Food Science department at University of Maryland College Park, USA, as well as
the research supervisors. The questionnaire is entitted OOverweight and obesity

! ! H#
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assessment tool.O The questionnaire consists of five pacte:demographic data,
medical history, dietary habit and practices, physical activity and lifestyle as well as
anthropometric measurements and blood test refpisefdix 3; A-Arabic versions and
B-English versions). Eacbubject whoagreed to participatwill be interviewed in an

empty room to provide an atmosphere of comfort and trust.

a) Socicdemographic data

Sociedemographic variablemcluding age, gender, education level, marital
status, number of children, occupation, average monthly income Ewelking
statues, and previous participation in research stisfgassessed usirgOverweight

and obesity assessmeaaolOquestionnaireAppendix 3).

Education levelswas categorized as illiterate, read and write, elementary,
intermediate, secondary, guste, post graduateand further categorized to five
strata: illiterate, less than high school (includingead and write, elementary,
intermediatg, completed high school or diplomaetondary, bachelor degree and
higher educationMarital status was catggorized as unmarried, married, separated,
divorced, widowedand further divided into two categories as married (including
living as married), and unmarried (including being widowed, divorced, separated, or
never married)While, the occupationwas categorzed as unemployed (housewife),
student, teacher, office work, business, medical doctor, nurse, millenarian, and retired.
The economic statusvasassessed by total monthly family (household) incless
than 1,999; 2,000 SR4,999 SR; 5,000 SR7.999 SR8,000 SR-10,999 SR; 11,000

SR- 13,999 SR; 14,000 SR6,999 SR; 17,000 SR19.999 SR; More than 20.000



SR; and unknown). And further categorized to four strata: less than 9,999 SR; 10,000
SR to 19,999 SR; more than 20,000 SR'; and unknown. Smoking (cigar, pipe, shisha
[water pipe or flavored tobacco]) was categorized as never smoked (if they had
smoked <100 cigarettes in their lifetime), former smoker (! 100 lifetime cigarettes, not
currently smoking), and current some day smoker (" 100 lifetime cigarettes, currently
some day smoking), and current every day smoker (! 100 lifetime cigarettes, currently
very day smoking). And further categorized to two strata: non smoker (if they had
smoked <100 cigarettes in their lifetime) and smoker (! 100 lifetime cigarettes in their

lifetime) (177)

b) Family Medical History / Health History Data

Family history of chronic diseases and conditions: Subjects were considered
to have a family history of chronic diseases or condition if any of their biological
(blood) relatives, living or deceased, including grandparents, parents, brothers, and
sisters had obesity; diabetes; hypercholesterolemia; hypertension; or cardiovascular
diseases. Subjects with a previous diagnosis of diabetes, hypercholesterolemia,
hypertension, or cardiovascular diseases were determined. Treatment for previously
diagnosed hypertriglyceridemia, hypercholesterolemia, and diabetes were identified.
For female, the age of the first menstrual cycle, menopausal, and hormonal therapy
were specified. Females were also asked if they ever used hormone or hormone
therapy (yes vs. no). Menopausal status was categorized as last month (regular

mensuration), within the past 12 months (irregular mensuration), stopped for at least

IS106&11(1M) ¥+ & 1



12 consecutive months and further defined as: premenopause if menses had occurred
in the past 12 months; postmenopaifisaeenses had stopped for at least 12 months

(178, 179).

c) Dietary habit and practices

Data about subjects dietary habits and practices were ascertained by 15 questions
about regularity of daily meals, meal skipping, snacks intake, snack of different tgpes a
at different times, fruits and vegetable consumption, use of sweeteners, diags, d
products, food preparation, andnsumption ofast foods. The questions in section were
modified after existing reliable questionnaird8( 181, 182). Eleven dietarypractice

guestions were scored frohto 3 with higher score for more healthy practices.

The total dietary habit and practice scores ranged ftdm 33, and only in the

descriptive tablewere leveled as follows:

Good practices 26- 33
Fair practices 18-25
Poor practices 11-17

Alpha reliability coefficient (CronbachOs alpha) for dietary habit and practice
instrument or scalevas 0.54. We improved the consistency by removing the lowest

correlated variable. And the finale CronbachOs alpha was 0.72.
d) Physical activity and life style

A special physical activity assessment questionnaire (Activity Records) was

modified after RENO DieHeart Study (RDHSQuotedfrom (Harrington, 1997)nd
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used for assessing participants, physical activity practices abguiarity and intensity
(183). Four questions were included about physical activity types, times per week,
sessionOs time per minutes, and sedentary leisure time during the last entirergear

scored as follow

The total score was calculated by sumgnthe regularity score, intensity score, and
lifestyle score.

Scoringtheregularityof physical activities

Sedentary (Never) 1
Irregularly Active (Some time) 2
Regularly Active (Always) 3

Scoring of physical activities at differing intensitydds per week183,184):

Light 1  Walking less than 150 minutes
Moderate 2 150-279 minutes oWwalking

Less than 60 minutes of running, swimming, cycling, aerobic
andresistance exercise

More than280 minutes of Walking
More than 60 minutesf running, swimming, cycling, aerobic,
andresistance exercise

L
QD
=
o
w

I Scoring of daily activities (lifestyle) at differing levels30, 184):

Very Sedentary 1 Typing, reading, and watching TV
Sedentary 2 Cleaning,shopping
Moderate Active 3 Hard job

4

Very Active Swimming,cycling



The total score waganged from 2- 10 and only in the descriptive tablayas
divided into tertiles, where the lowest one will be referred to as Osedentary physical
activity levelO; the medium one, referred to as Opartially nmedehgsical activity

levelO; and the highest one, referred to as Oactive physical leGglO (18

Alpha reliability coefficient (CronbachOs alpha) for Physical activity andyife st

levels instrument or scale was74Q

II.  Anthropometric Measurements

The antlhopometric measurements have been conducted according to the
Anthropometry Procedures Manual proposed by the National Health and Nutrition
Examination Survey 2002 (68 Six variables were selected for anthropometric
measurements, height, weight, body maslex (BMI), neck circumference (NC), waist
circumference (WC), hip circumference, weigh ratio (WHR) andbody fat (%) All
anthropometric measurements were taken by atve@led health care provider (clinic in
charge nurse), who was instructed tee ube same technique of weight and height
measurements for all subjects of the study sample.

The height was recorded to the nearest 0.5 cm, by using a height scale
measurement, with theubject standingupright barefooted or in thin socks and
bareheaded.The weight was recorded to the nearest 0.1 Kg, with appropriate
international standards scales, by using standardized beam weight scales (Detecto scale,
Cardinal Scale MfgCo., USA). A 5 kg standard weight was used daily for assessing and
adjusting the sales (scale calibration). Weight was taken without shoes and with light

clothing.Body mass index (BMl)was calculated by the equation: BMI = Weight in Kg /
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(Height in meters) According to the World Health Organization's Batiditional cutoff
points cakegorization, participants were classified into: normal wei§# Q9 kg/n),
overweight (25kg/m? to 29.99g/n7), and obese#B0 kg/n) (109).

A Gulick 1I" fiberglass tape measure, (Country Technology, Gays Mills, WI)
model # 67020, was used to measoeek circumference (NC), waist circumference
(WC), hip circumferenceNeck circumferencewas measured to the nearest 0.1 cm, with
the participants standing erect and their head positioned in the Frankfort horizontal line
(facing forward). The tape measusasthen placedhorizontally at the midway of the
neck between midervical spine and midnterior neck, just below the laryngeal
prominence (AdamOs apple),(26). Waist and hip circumferences wereasured, with
the participants in the standing pasitiand in light clothing (social reason), to the
nearest 0.5 cm by usingflaxible measurgape. The reading was taken to ttearest 0.1
cm with the tape ensured to be snug, but not compressing th&\&kst.circumference
(cm) was measured at mjabint between bottom of the rib cage and above the top of
iliac crest. Hip circumference (cm) was measured at widest point of the
buttocks.  Waist-to-hip ratio (WHR) was calculated by dividing the waist
circumference (cm) by the hip circumference (ctWHO andIDF recommended that
different WC cutoff points should be used to define central obesity among different
ethnic groups, and that the Europid standards should be used in our Eastern
Mediterranean region until specific national data become available (18NZ3cutoff
points are currently categorized as: a WC of > 97 cm (37 in) for males, and >80 cm (34

in) for females for Europids population (70, 72, 124).



Body fat percentage (%) was assessed by using a deakrgy Xray
absorptiometry (DEXA) device (metl Prodigy Advance, GE healthcar®EXA is a
scanning technique that measures bone mineral, fat tissue, afmdefadoft tissue.
Subjects must lie completely still on the DEXA machine platform whilay§ at a high
and low energy levels are passed awer body (18, 183). After completing the doctor
visit, the subject wasasked to visit the radiology department within the same center.
Well-trained radiologic technologists performed the DEXA scan, with estimated time of
1520 minutes in order to be coteped. This procedure was not painful, but there could
be some minor discomfort from lying in the same position. This discomfort was
minimized by keeping the time involved in making the measurements as short as

possible, and by allowing the subject a briéalecessary.

[1l. Clinical & Biochemical Parameters

The parametersletermined were fasting plasmalevel of glucose (FPG), insulin,
triglycerides (TG), total cholesterol (TC), HDL cholesterol (HDLendLDL cholesterol

(LDLc); as well adlood pressure.

I Blood Pressure Measurement:before starting the measurement, subjegtse
seatedquietly for a fiveminute period. The subjects were not allowed to smoke or
drink coffee during the examination since these could affect the blood pressure. If the
subject has &d any coffee, or cigarettes thirty minutes before the examination, this
wasrecorded on the form but the measurements were still tdkenright arm was
used for standardization and consistefMgasurement was taken using standardized

mercury sphygmomameters (Diplomat Presameter 660-360 manufactured by



Riester GMBH, Germany). Blood pressure was considered normal if systolic BP <
130 mm Hg and diastolic BP < 85 mm Hg (38).

The agreed to participate subjects were scheduled for a second visit to th®lgbo

in the same clinic within one week. They were informed to atétedfasting for 10

12hrs. Samples weranalysedand stored in the Biomarkers Research Program
(BRP), College of Science, King Saud University (KSU), Riyadh, Saudi Arabia. In
brief, dl blood and serum samples were placed in plain polystyrene tubes, delivered
on the samelay toBRP and stored at20;C. Fasting blood glucose and lipids (total
cholesterol, triglycerides and HDtholesterol) were measured using a standard
chemical analyze (hexokinase and colorimetric methods, respectively) (Konelab,
Vantaa, Finland) under strict conditions. The analyser was recalibrated frequently
according to manufacturerOs instructions. idbblesterol was estimated by using the
Friedewald equadh = [Total Cholesterol} [HDL cholesterol]- ([Triglycerides]/2.2)

(189). Insulinconcentrations were determined by eledinemiluminescence method
(COBASE-411; Roche Diagnostics, Mannheim, Germany). Homeostasis model
assessment for insulin resistance (HOMM was then calculated for all patients
using the HOMA formula: HOMAR= fasting insulin (uU/mL)" fasting plasma

glucose (mmol/L) /22.5. @0, 191)

Variables of Interest

The variables of intereswvere grouped asdescribedearlier into the following
caegories: socimemographic includingage, gender, education level, marital status,
number of children, occupation, average monthly income level, smoking stdietasy

habit; Physical activity; anthropometric; biochemical; and cardiometabolic riskgactor
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Cardiometabolic risk factors

Biomarkers of cardiometabolic diseases da@netabolic risk factors) are defined
according to the International Diabetes Federation IDF definition guidelines (38) as
follow: central obesity (94 cnh for men, 80 cm for women), hypertriglyceridemia
(triglycerides! 1"7 mmol/L), low HDL cholesterol(<1'03 mmol/L for men and "29
mmol/L for women or specific treatment for this lipid abnormality), hyperglycemia
(fasting plasma glucosk5"6 mmol/L or previously diagnosed type 2 diabetes)d
hypertension (systolic BP 130 mm Hg, diastolic BP 85 mm Hgor treatment for
previously diagnosed hypertension). Metabolic syndrome are defined as per (IDF,
NHLBI, AHA, IAS, IASO) harmonized definition guidelines (73) with the presence of
any three or more of the following risk factors: raised trighgte= ( 1"7 mmol/L),
reduced HDLcholesterol (<103 mmol/L for men and "29 mmol/L for women or
specific treatment for this lipid abnormality), raised fasting plasma gluté% hmol/L
or previously diagnosed type 2 diabetes), raised blood pressure (systdlid®Pmm
Hg, diastolic BP 85 mm Hg) or treatment for previously diagnosed hypertension. Insulin
resistance was assessed by using a homeostasis model ass@sSNEHR) [fasting

glucose (mmol/l) X fasting insulin (umol/mL)/ 22.5]90).

Assessment of Covariges

The information on covariates and potential confounders such as: age (y),
smoking habit [non smoker (if they had smoked <100 cigarettes in their lifetime) and
smoker [100 lifetime cigarettes in their lifetimg)Ll73)], physical activity (sedentary
physcal activity level, partially moderate physical activity level, active physical
level)(18), menopausal status [premenopause if menses had occurred in the past 12
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months; postmenopause if menses had stopped for at least 12 moitHs/9)]7 current
estogen use (no vs. yes), treatment for previously diagnosed hypertriglyceridemia (no vs.

yes), hypercholesterolemia (no vs. yes), and diabetes (no vs. yes) were included in the

analysis.
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Statistical Analysis

Descriptive statistics was applied for alariables. Continuous data were
presented as mean + standard deviation (SD) and Medi4h-188) percentiles for
variable following Gaussian and Non Gaussian variables. Categorical variables were
presented as frequencigg and percentages (%). All Coamious variables were checked
for normality usinggraphs, Kolmogorossmirnov test, as well &kewness and Kurtoses
(1 0.8). If theywere not normal, the continuous variables were transéomo log or
SQRT transformationwhere it was appropriate. The frequertdigtribution of each
variable at baseline wa®mpared in men and women by using-sfiare ¢*) or Fisher
exact tests, as suitable for categorical variables. Studiesit and MamWhitney U test
were used for Gaussian and Non Gaussian variaBlésanalyses involving insulin
measures (insulin, and HOMIR) were restricted to participantsithout diabetes.
Relationships among variables were sought by Partial correlations and performed
between the study variables. The findings were expressed as correlation coefficients and
P-Value, after controlling for: agen men And controlling for: age menopausal status
(premenopausal vs. postmenopaysatid current estrogen use (no vs. yes)women
Analyses were performed separately for each gendegression and ROC curve
analyses were performed for women only, becaushedbw sample sizen men. Neck
circumference, WC, BMI, and fat% were standardized in women to a mean of zero and a
SD of one to facilitate the comparisons of the regression coefficlentsar regression
analysis was performed, considering tbardianetabolic risk factors Log Fasting

glucose SQRT Insulin, SQRT HOMA-IR, SQRT Triglycerides HDLc, LDLc, SBP,
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DBP) as dependent variables, as wellcassideringneck, body mass index,waist

circumference, and body fat percentage as independent variables.

Multiple binary logistic egression analysis was performed, with the consideration
of the cardioméabolic risk factorscentral obesity (present/absent), hypertriglyceridemia
(present/absent), low HDLc (present/absent), high LDLc (present/absent), hyperglycemia
(present/absent) arftypertension (present/absent), HONR >75" (present/absent), the
presence of two or more of the risks, metabolic syndrome as per the harmonized criteria
(the presence of three or more of the risks), metabolic syndrome as per the IDF criteria
(the presece of abdominal obesity and two or more of the risissflependent variables
and the neck circumference as independent variavidsontrol for covariatesThen
participants were classified into quartiles EQH), with Q1 (<25" percentil¢ as the
refererce. Multivariate logistic regression analysis was used to calculate odds ratios
(ORs) and 95% confidence intervals (Cl) for cardiometabolic risks according necke
circumference quartiles after adjusting forcovariates Multicollinearity among
indepenént variables and between confounders was tested in regression model by
examiningvariance inflation factor (VIFand toleranceNo variable with VIF greater

than10 or tolerance less than 0.01 was detected

Receiver operating characteristic (ROC) curwesre used to determine the
efficacy of neck circumference as screening measure for correctly identifying subjects
with cardio metabolic risks and to select appropriatespexcific cutoff points for neck
circumference (32). The optimal cubff points for women were determined using the
Youden index (J), and calculated as: J = maximum (sensitivity + speciigipndthe
shortest distance between any point on the curve and the top left corner eaaxthd re
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distance on ROC curve values were calculated as the square roesengtvity)” + (1-

specificity)?] (192).

The additive interaction betweareck circumferencand other anthropometric
measurements was evaluated using logistic regressiorsenayg suggested by Rothman
et al. (147,193,194 195, with 3 indices: the relative excess risk due to interaction
(RERI), the attributable proportion due to interaction (AP) and the synergy (8iexth
95% Cl If there was no additive interactio®5% CI of RERI and APwereequal to0,

and S equal t& (Appendix 5)

Statistical analyses were performed using SPSS(IB® Corp., Armonk,
NY, USA). All tests were &Zided, andevels of statistical significance were set at p

values of < 0.05.



Chapter 3: Results

Participants

The study was carried out at the King Khalid University Hospital (KKUH)
primary heath care center. Participants were Saudi men and women b&Bwé@years
of age.Of the 922 subjects initially identified for study inclusion, @6dined to
participate, as being too busy or not interesBslientyone (71) subjects were excluded
for one of the following reasonsige, pregnancy, or lactating. In addition, 85 subjects
were excluded because they did not show up for their blood testn Sandred (700)
subjects, 18 years of age or older, with no known major medical issues, were enrolled in

the study. The study sample consisted of 623 women and 77 men.
Socioeconomic and behavioral characteristics of the study subjects

The results offTable 5 show that only 3% of the participants wergs<years of
age, 9% were betweenf®! years of age, 19% were betwee®Bbyears of age, 43.3%
were between 45b4 years of age, and 25.6% weéfgb years of age. The mean ages of
men and women were significantly different as 53+8.7 and 47+10.7 years old,
respectively. As compared to the men, 26.3% of female participants were illiterate and
17.5% had graduate and pgsaduate qualifications. While in men, 41.5% were at least
high school educated, 45.5% had a bachelorOs degree, and 10.4% had gradustte and po

graduate qualifications.

The majority of the sample, amounting to 71.2%4097), reported being married,
while 6% were single, 9.8% were separated or divorced, and 13% were widowed. The
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data for the women showed that 41.4% had more than six childr&% 3had four to six
children, 14.7% had three children or less, while 12.1% had no children. A considerable
proportion of the women (31.2%) were unemployed. Most of the participants, amounting
to 22.4% and 25.9% of men and women, respectively, were effickers. In addition,

28.9% of men and 14.5% of women were retired. Most of the men did not respond to the
income question (86.8%), and 40.6% of female participants had less than a 10,000 Saudi
Riyal (SR) monthly income. Only 6.5% of the women had mosen th 20,000 SR

monthly income,

Data presented imable 5 shows that nearl40.3%6 of men and3.5% of women
had fair dietary habits and practic€nly 0.4% of the subjects had a good dietary habits
and practicesThe total physical activity score showttht 72. 26 of men and5.5% of
women had a poor physical activity and lifestyle level. In additi&Gt% of men and
34.7% of women had a fair physical activity and lifestyle level. However, &% of

the subjectdiad a good physical activity and lifekyevel.

I5106&111(1)*+" & !



Clinical and biochemical characteristics of the study subjects

The participantsO clinical and biochemical characteristics by gender are shown in
Table 6. The average body mass index (BMI), hip circumference (HC), and body fat
percentage wereigher for the womenR<0.00. Men were taller, heavier, and had larger
waist circumference (WC), waist hip ratio, and neck circumference (NC) values (all
P<0.05). The differences in weight and WC seem to be due to age rather than gender

differences (notignificant after age adjustment).

The cardiometabolic biomarkers data indicate that men had greater values for
blood pressure, fasting blood gluco§x.001), triglycerides (TG), as well as HOMA
IR and insulin P<0.05), and lower high density lipoproteicholesterol (HDL)
(P<0.001), as compared to women. Consistently, after the age adjustgstolic blood

pressure$BP) andtriglyceridesno longer showed a significant differer(dable 6).

The prevalence of cardiometabolic risk factors and medictirpisf the study
population are summarized Trable 7. Cardiometabolic risk factors (high blood pressure,
high fasting glucose, high triglyceridesnd being inHOMA-IR ! 75" percentil¢ were
found to be significantly higher in men as compared to wonik®.01). However,
abdominal obesity, and low HRlwere more prevalent in womeR=<0.001).More than
seventypercent(70.999 of the population had metabolic syndrome. The prevalence
according to the harmonized definition (84.4% in men and 69.3% in waPs&)1)
was higher than the IDF definition in both genders. Nearly half of the population (44.8%)
had hypertension. In contrast, only 14.3% had reported that they had been previously

diagnosed with hypertension. Family history of diabetes mellitus was mevalgnt in
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men P=0.01)(Table 7).
Neck circumference and the other obesity indices

Scatter plot matrixes ifrigures 3 and 4 show fair to moderate positive linear
correlation between neck circumference and BMI, and WC, in both genders. The scatter

aroundthe line is quite small, except for body fat percentage.

As shown inTable 8, the partial correlation coefficient was used to examine the
correlation of neck circumference with body fat percentage, BMI, and WC after
controlling for the effects of age. BMihowed the highest correlation with WC, as
compared to its correlations with other clinical indides0)(676,n=584 in whole sample;
r=0.765,n=70 in meny=0.697,n=514 in women; all <0.001). Neck circumference and
WC were highly correlated in both memd women r=0.537 in men and=0.607 in
women; P<0.001 for both). All correlation coefficients of neck circumference and WC

with the clinical indices were highly significant among men and worRe.01).

The men were also divided into subgroups baseithe@in BMI. The BMI cutoffs,
as per WHO criteria (109) werermal weight {24.99kg/n"), overweight (25kg/n? to
29.99kg/n"), and obese' B0 kg/n¥). Correlation coefficients of neck circumference and
WC with the clinical indices were varied in the subgro{ifable 9). Each BMI subgroup
was further divided intohree subgroups based onf"225675", and 75 percentiles of
WC. Neck circumferencelata showed increases from the lower WC subgroups to the
higher WC subgroups within each BMI subgroup. The only exception was in the over
weight groups, where theeck cicumferencevalue for the WC>78 percentile was not
different than that of the WC 575" percentile groug§Figure 5). No man in the obesity
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subgroup was below the ®Bercentile foWC. Although the sample size for men is low,

this figure was preserddor reference.

After further adjustment fopostmenopausal status and hormone usgoimen,
all women were divided into subgroups based on their BMtk circumferencand WC
were significantly correlated in the overall sampte0(605) and in the threBMI
subgroupsrE0.511,r=0.410,r=0.514) (allP<0.01)(Table 10). Each BMI subgroup was
further divided into three subgroups based ofi, 25675", and 7%' percentiles of WC.
In women neck circumferencesignificantly increased from the lower WC subgps to
the higher WC subgroups within each BMI subgr@tigure 6). Interestingly, no woman

in the normal weight subgroup was above th p&rcentile ofWVC.
Neck circumference and cardiometabolic risk indicators in women

Table 11 presents the age, meraysal status, and hormone use adjusted
correlation coefficient between all anthropometric indices and cardiometabolic risk
factors used in this study for the whole sample and per BMI. With the exception of body
fat percentage, all other indices were cated with systolic blood pressure (SBP),
diastolic blood pressure (DBP), high density lipoprotein (HDL), triglycerides (TG),
insulin, and HOMAIR. For the whole sampleneck circumference was positively
correlated with all cardiometabolic risk factors epcéor total cholesterol and low
density lipoprotein (LDL) P<0.001). Moreover, compared to body fat percentage, BMI,
and WG neckcircumference has the highest correlation with all cardiometabolic risk
factors for the whole sample and in the overweiglt abhese groups, but not in the

normal group Table 11).



After controlling for the effects of age, menopausal status, hormone use, dietary
habits and practices, as well as physical activity and lifestyle in womeltivariate
regression analyses were uséa examine the independent association of neck
circumference with cardiometabolic risk factolable 12 illustrates the results of the
multivariate regression analyses conducted by using separately each cardiometabolic risk
factor as the dependent varigbihile all listed covariatesvere enteredh first block of
the modelln the second blockhe independent variable (neck circumferernvea$ added
to the modelNeck circumference was associated with all risk factors, except for LDL
cholesterol (Modeld). After further adjustment for BMI (Models 2);$uared changes
were slightly increased for fasting glucose and total cholestédl4l 0.016,
respectively. On the other hand, the-$guared changes were attenuated for SBP, DBP,
HDLc, insulin, and HOM-IR, but still remained significantly associated with all risk
factors. For example, among women, an incremental increase in neck circumference of 1
standard deviation (SDyas associated with487 mm Hg increaseR<0.001) in SBP in
the primary model. pon further adjustment for BMI (Models 2), the increase in SBP
becamet.33 mm Hg P<0.001) per ISD incremental increase in neck circumference. In
Models 3, which adjusted for WC, theeck circumference -coefficients were also
increased for DBP, fasting glucose, and total cholesterol. TeguRred changes were
attenuated for SBP, DBP, triglycerides, HPlinsulin, and HOMA-IR, but remained
highly statistically significant for all risk factors (d¥%0.001 except for TC and HDI,
P<0.05). In Models 4, which adjusted for BMI and WC, thedRiared changes showed
the same trend as the previous mo@edsd 4(thatadjusted for BMI or WC). In Models

5, which adjusted for BMI, WC, and body fat percentage, greglictive power, as



adjusted Rsquares, for these models were the highest. However,-gggided change
increased only for fasting glucos’ change=0.048,P<0.001) (Table 12). Moreover, in
Table 13, regression models were constructed by considerindiazaetabolic risk
factors separately as dependent variabhie] BMI, WC, NC, and body fat percentage
were the four independent variablestered in the second blocldll confounders (age,
postmenopausal status, hormone use, dietary habits and prauigeisal activity and
lifestyle, and the medications intgkevere controlledentered in the first blockNeck
circumference showed the highéstoefficients for all risk factors except for HbDland

LDL cholesterols P<0001 for all,P<0.01 fortotal cholesterol).

Figures 7 to 13, present an analysis of the interaction between tertiles of neck
circumferenceand BMI subgroups (normal, overweight, and obese) on cardiometabolic
risk factor levels in women. Within each subgroup of BMI, there was a stepwise increase
in risk factor levels by tertiles of neck circumference. There was no significant interaction
between neck circumference and BMI for cardiometabolic risk factors except for insulin

(P=0.015) and HOMA-IRR=0.041)(Figures 12and13).

Neck circumference contribution in the prediction of cardiometabolic

conditions

Multiple logistic regression analysesmseaised to estimate the odds ratios (OR) for
the development of theardiometabolic risk factorscé¢ntral obesityWC "80 cm for
women) hypertriglyceridemigtriglycerides™ 1.7 mmol/L or specific treatment for lipid
abnormality) low HDLc (<1.29 mmol/L f& women or specific treatment for this lipid

abnormality) high LDLc ('4.12 mmol/L or specific treatment for lipid abnorma)jty
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hyperglycemia fasting plasma glucose5.6 mmol/L or previously diagnosed Type 2
diabetes)and hypertensionsystolic BP! 130 mmHg, diastolic BP!85 mmHg or
treatment for previously diagnosed hypertensioHOMA-IR >75" (present/absent),
metabolic syndrome as per the harmonized criteria (the presence of three or more of the
risks), metabolic syndrome as per the IDF criteria filesence of abdominal obesity and
two or more of the risks)] according tiee increment increase neck circumferenceand
controlling for age, menopausal status, and hormonéTadse 14, Figure 13) Elevated
neck circumference was associated with iaseElORs of metabolic syndrome and all
cardiometabolic risk factorexcept for LDIc (all P<0.0001). After the further adjustment
of BMI, WC, and body fat percentage, neck circumfereremaainedthe independent

predictor of all binary cardiometabolic rigkctors (allP<0.095.

To determine the dosesponse of enlarging neck circumferenegth
cardiometabolic riskguartilesof neck circumferencevere derived (cut points for NC
were <35 cm, 35 cBB6.5 cm, 36.6 ciB8 cm, >38 cm)The ORs and 95% confidence
interval (CI) for metabolic syndrome and its components according to quartiles of neck
circumference are presented Table 15. The ORs of metabolic syndrome or its
components increased from the 1st to the 4th quartile of neck circumfeReiend,
<0.00L for all). Compared with women in the lowest neck quartile, those in the highest
guartile had ORs of 8.76 (95% CI: 5.13, 14.96) for hypertension, 15.28 (95% CI: 7.95,
29.36) for elevated fasting plasma glucose, 4.38 (95% CI: 2.67, 7.18) for elevated
triglycerides, 3.54 (95% CI: 2.08, 6.02) for reduced .54 (95% CI: 2.08, 6.03) for
elevated LDL cholesterol, 3.10 (95% CI: 1.63, 5.84) for elevated HOR|A.34 (95%

Cl: 3.65, 11.01) for obesity, 27.01 (95% CI: 11.87, 61.46) for central obesity, 15%3 (9
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Cl: 8.38, 34.99) for having two or more cardiometabolic risks, and 17.98 (95% CI: 8.79,
36.78) for metabolic syndrome (af<0.01) (Model 1). After adjustment for age,
menopausal status, and hormone use (Model 2), similar trends were found in tHe risk o
the components of metabolic syndrome across increasing quartiles of neck
circumference, except the Q4 group for high HOMR (all P< 0.01). Women in the
highest neck circumference quartile were 12 times more likely (95% CI: 5.67, 26.47) to
have two or moe metabolic risk factors when compared to the lowest neck
circumference quartile. Moreover, women witie largest neck were 13 times more
likely (95% CI: 6.35, 28.23) to have metabolic syndrome when compared to the lowest
neck circumference quartile arafter adjustment for the mentioned confounders (all

P<0.01).

Optimal cut-off points to predict cardiometabolic risks

The receiver operating characteristic (ROC) curves were preserfgglnes 14
B17. For metabolic syndrome, neck circumference presethiedargest area under the
curve compared with WC, BMI, and body fat percentage in women, which were 0.796
(0.75%#0.836) for neck circumference, and 0.711 (OHG756),0.659 (0.6120.706),
and 0.587 (0.53D.642), respectively, for WC, BMI, and body fgiercentage (all

P<0.001, except for body fat percentage, wh&s8.01).

According to the ROC curve analysis, the optimal neck circumference cutoff
values with the highest Youden index (maximum sensitivity and specificity) for
predicting the presence diree or more metabolic risk factors was NC=36 cm, Youden

index=0.468. However, the shortest distance on the ROC curve from perfect predictor
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was for NC=35 cm, distance in ROC curve=@.3%/e determined that NC=35.5 cm,
with distance in ROC curve=0.327, antbuden index=0.450, should be our neck
circumference cubff point. The accuracy, sensitivity, and specificity of this cutoff were

75%, 78.7%, and 66.3%, respectivelable 16).

To define the optimal WC cutoff values, we located a WC cutoff with theekig
Youden index (maximum sensitivity and specificity) for predicting the presence of two or
more metabolic risk factors (WC=95.5cm, Youden index=0.319). Since IDF criteria
require the presence of central obesity for the diagnosis of metabolic syndreme, w
justified choosing a cutoff point that obtains a higher sensitivity. Therefore, we
determined that WC=92 cm, with the shortest distance in ROC curvé=ar8 a
Youden index=0.318, is our WC cutoff point. This cutoff point has better sensitivity

(78.1%)and accuracy (70.7%). The specificity of this cutoff was 53.7éble 17).

Therefore, the appropriate neck circumference and WC to predict metabolic
syndrome in the Saudi female population were 35.5 cm and 92 cm, respectively.
Moreover, 27.7 kg/fmfor women emerged as the optimal cutoff point for BMI with
maximum sensitivity and specificity for predicting the presence of three or more
metabolic risk factors , Youden index=0.254 and distance in ROC curve=0.504, with a

sensitivity and specificity of 84.9% d0.5%, respectivelyl@ble 18).
Prevalence of metabolic syndrome

After applying the modified WC of 92 cm for women, we observed a 23%
reduction in the prevalence of central obesity (94.2% to 71.3%). The prevalence of

metabolic syndrome as per the harmed definition in women also decreased from
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69.3% to 61.7%. A higher reduction was observed in the prevalence of metabolic

syndrome as per the IDF definitiohable 19).

When dividing the subjects according to neck circumference dichotomized by
35.5 cm n women, the prevalence of metabolic syndrome, obesity, and central obesity
were all significantly higher in the above grou®%.5 cm) than those in the below

groups (<35 cm)Table 20).

We further examined the combined effects between NC (<35.5 cn3¥$% em,

women) and WC (<92 cm vs. >92 cm) or BMI (<25 ké/m;. >25 kg/n%) in predicting
metabolic syndrome using a stratified analydtggres 18, 19,and further details
available inAppendix 5). In the women with high neck circumference values, the OR
(95% CI) of metabolic syndrome for the group with high WC, or BMI, were 8.2784.97
13.78), and 11.09 (5.E23.83), respectively (aP<0.001), which were much greater than
those of 1.4B1.91 in the women with low neck circumference values. A high neck
circumference value was associated with a significantly greater risk of metabolic
syndrome, even in participants with a normal WC or BMI. In addition, the combined
effects between NC (<35.5 cm vs. >35.5 cm, women) and WC (<80 cm vs. >80 cm) in
predicting medbolic syndrome revealed very high ORs (95% CI) of metabolic syndrome
for the group with high neck circumference and high WC, 23.18 £81578). It is
interesting to find that no women with a small WC had a large w&ckmference

(Figure 20).

The additve interaction of neck circumference and other anthropometric

measures on metabolic syndrome was evaluated. r€lagive excess risk due to

! ! H#



|

interaction(RERI) of neck circumference vs. WC or BMI w@s05-6.16 - 10.26) and
3.7(-11.6 - 19.01) respectively The attributable proportions due to interaction (AP)
values were0.25-0.07 - 0.57) and 0.38-0.89 - 1.55) The synergy indices (S) were
1.390.88- 1.9), and 1.580.202- 3.677) respectively. These indicatélde absence of an
additive interaction betven neck circumferencand other anthropometric measuces

metabolic syndrom@Appendix 5).



Figure 2. Consort flow diagram for subjects recruited and retained
I
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Table 5. Socio Beconomic and behavioral characteristics of the study subjects

Men Women
Characteristics Total N (%) N (%)

77 (11%) 623 (89%)
Age in years
<25 21 ( 3.0) 0 (00.0) 21 ( 3.4)
25-34 62 ( 9.0) 1(13) 61 ( 9.9)
35-44 132 (19.1) 9 (11.9) 123 (20.0)
45-54 299 (43.3) 34 (44.7) 265 (43.0)
>55 177 (25.6) 31 (40.8) 146 (23.7)
Marital Status:
Unmarried 42 ( 6.0) 6(7.9) 37 ( 5.9)
Married 497 (71.2) 63 (82.9) 434 (69.7)
Separated or divorced 68 ( 9.8) 2( 2.6) 66 (10.6)
Widowed ) 91 (13.0) 5( 6.6) 86 (13.8)
Number of parity :
None 72 (12.1)
One 12 ( 2.0)
2-3 76 (12.7)
4-6 190 (31.8)
More than 6 247 (41.4)
Education level:
llliterate 166 (23.7) 2( 2.6) 164 (26.3)
Less than high school 287 (41.1) 32 (41.5) 255 (40.9)
Completed high school or diploma 130 (18.5) 35 (45.5) 95 (15.3)
Bachelor degree or higher education 117 (16.7) 8 (10.4) 109 (17.5)
Occupation:
Unemployed (Housewife) 196 (28.1) 2( 2.6) 194 (31.2)
Student 10 ( 1.4) 0( 0.0) 10 ( 1.6)
Teacher 36 ( 5.2) 4( 5.3) 32(5.1)
Office work 178 (25.5) 17 (22.4) 161 (25.9)
Business 37 ( 5.3) 9(11.8) 28 ( 4.5)
Medical Doctor 3(0.4) 0( 0.0 3(0.5)
Nurse 5(0.7) 0( 0.0 5(0.8)
Militaries 11 ( 1.6) 11 (14.5) 0( 0.0)
Retired 112 (16.0) 22 (28.9) 90 (14.5)
Other 110 (15.8) 11 (14.5) 99 (15.9)
Monthly Family Income:
Less than 10,000 257 (37.0) 6 ( 8.0) 251 (40.6)
10.000 SR - 19.999 SR 96 (13.8) 4 (5.2 92 (14.9)
More than 20.000 SR 40 ( 5.8) 0( 0.0) 40 ( 6.5)
Un known B No response 301 (43.4) 66 (86.8) 235 (38.0)
Dietary habits and practice:
Poor 270 (38.6) 46 (59.7) 224 (36.0)
Fair 427 (61.0) 31 (40.3) 396 (63.5)
Good 3(0.4) 0( 0.0 3(0.5)
Physical activity and life style levels:
Poor 402 (57.4) 56 (72.7) 346 (55.5)
Fair 228 (32.6) 12 (15.6) 216 (34.7)
Good 70 (10.0) 9 (11.7) 61 ( 9.8)
Women only
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Table 6. Clinical and biochemical characteristics of the study subjects

P-  Adjusted

Parameters All Men Women Value for Age

Continuous characteristics

N Mean = SD N Mean + SD N Mean £ SD

Age in years 691 479106 75 526+ 8.7 616 473+£10.6  0.000

Height cm 700 1556+ 7.4 77 1674+ 6.9 623 1542+ 6.1  0.00 0.000
Wight kg 700 77.8+157 77 82.1+18.0 623 77.3+153  0.027 0.059
BMI (kg/m?) 699 321+ 62 76 289+ 49 623 325+ 6.2  0.000 0.001
Hip circumference  (cm) 695  109.1+121 76 1025+ 94 619 109.9+£12.1  0.000 0.000
Waist Hip Ratio (WHR) 690 09+0.09 74 1.0+ 005 616 090+ 0.1  0.00 0.000
Waist circumf erence (cm) 699 99.4+ 129 76 102.9+ 11.7 623 98.9 + 13.0 0.011 0.418
Neck circumference (cm) 691 36.7+ 2.8 77 395+ 29 614 36.3+ 2.6 0.000 0.000
Body Fat% 601 445 + 6.7 74 329+ 49 527 469+ 51  0.000 0.000
Systolic BP (mm Hg) 692  1248+17.0 72 1286+ 83 620 1243+17.7  0.046 0.357
Diastolic BP (mm Hg) 692 753105 74 793+ 55 618 748+10.8  0.00 0.029
Total cholesterol (mmol/L) 693 50 + 0.9 77 47+ 1.2 616 50+ 0.9 0.004 0.005
Triglycerides ~ (mmoliL) 685 1.51(1.2-2.7) 77 1.8(1.42.8) 608 15(1.1-20) 0.000 0.058
Fasting glucose # (mmol/L) 683 6.1 (51-88 76  83(6.6136) 607 59(5.1 84) 0.000 0.000
HDL cholesterol (mmol/L) 688 12+ 03 75 11+ 02 613 126+ 03  0.000 0.045
LDL cholesterol (mmol/L) 681 34+ 08 75 3.1+ 09 606 342+ 0.8  0.000 0.000
HOMA-IR" (mmol/L ! "U/mL)" 354 7.7(49122) 23 102(5.1-263) 331  7.7(48116) 0-050 0.011
Insulin” (" U/mL)'" 353 19 (12-32) 22  24(14 76) 331  19(12 31) 0049 0.026

" Excluding diabetes subjects

Data Represent Mean + SD for Gaussian Variablesand Median (25th -75th) percentiles for Non Gaussian variables.

The means of all continuous variables were compared in men and women using independent t test for Gaussian variable and Mann Whitney U test for
Non Gaussian variable, and univariate analysis adjusted for age using all non-Gaussian variable transform to normal (log# and SQRT").
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Table 7. Biochemical and medical characteristics of the study subjects

Categorical characteristics
Metabolic risk factors':

Waist circumference (cm)
High blood pressure ( mmHg)
High fasting glucose (mmol/L)?
High trig lycerides (mmol/L)?
Low HDL cholesterol (mmol/L)?
High total cholesterol  (mmol/L)?
High LDL cholestero | (mmol/L)?
HOMA-IR ! 75" Percentile 3
Medical history:
Laboratory results

Pre-diabetes *

Fasting glucose 6.1-6.9 (mmol/L)

Diabetes °

Fasting glucose >7(mmol/L)

Hypertension
Reported by subjects

Pre-diabetes

Diabetes

Hypertension
Treatments:

Diabetes treatment

Cholesterol treatment

Triglycerides treatment
Metabolic syndrome (harmonized)
Metabolic syndrome (IDF) ’
Current cigaret te smoker
Postmenopausal -
Current hormone use
Family history of
cardiometabolic diseases:

Diabetes

Hypertension

Dyslipidemia

Heart diseases

Stroke

6

All . Men . Women "
n ! W ! N P-Value
- n(%) n (%) n (%)
699 651 (93.1) 76 64 (83.1) 623 587 (94.2) 0.001
699 313 (44.8) 76 47 (61.0) 623 266 (42.7) 0.002
683 472 (69.1) 77 67(87.0) 622 406 (65.3) 0.000
685 309 (45.1) 77 45(58.4) 619 264 (42.6) 0.010
688 465 (67.9) 75 38(49.4) 613 427 (68.9) 0.001
695 270 (38.8) 77 24(31.2) 618 246 (39.8) 0.172
697 257 (36.9) 77 20(26.0) 620 237(38.2) 0.044
349 103 (29.5) 24 15(62.5) 325 88 (27.1) 0.001
683 82 (19.7) 76 6(7.9) 607 45( 7.4) 0.000
683 385 (56.3) 76 60(78.9) 607 298 (49.1) 0.000
700 313 (44.7) 77 47(61.0) 623 266 (42.7) 0.002
697 46 ( 6.6) 77 0(0.0) 620 46 (7.4) 0.006
697 337 (48.3) 77 50 (64.9) 620 287 (46.2) 0.002
700 100 (14.3) 77  2(26) 623 98(15.7) 0.001
700 362 (51.7) 77 50 (64.9) 623 285 (45.7) 0.006
700 218 (31.1) 77 14 (18.2) 623 204 (32.7) 0.005
700 76 (10.8) 77  6(7.8) 623 70(11.2) 0.584
699 496 (70.9) 77 65(84.4) 622 431 (69.3) 0.006
699 489 (69.9) 77 61(79.2) 622 428 (68.8) 0.060
700 11( 1.6) 77 6(7.8) 623 5(0.8) 0.001

- 623 162 (26.0) -
- 623 33 (5.3) -

692 76 60(78.9) 616 388 (63.0) 0.006
695 77 33(42.9) 618 269 (43.5) 0.911
683 77  4(52) 606 71(11.7) 0.119
697 77 5(6.5) 620 56( 9.0) 0.668
698 77 0(0.0) 621 16( 2.6) 0.240

Note: The frequencies of categorical variables were compared in men and women using Chi square and Fisher exact test

where appropriate.

" Women only; 1) Using IDF criteria; 2) high levels or medications use ; 3) Excluding diabetes subjects; 4) Fasting glucose:
6.1-6.9(mmol/L); 5) Fasting glucose: >7(mmol/L) or taking diabetes medications as per ADA ; 6) Metabolic syndrome
(harmonized definition) as having 3 or more of the following (WC, TG, HTN, HDLc, GLUC); 7) Metabolic syndrome (IDF
criteria) as having abdominal obesity and 2 or more of the following (TG, HTN, HDL ¢, GLUC)



Figure 3. Scatter plot matrix of the correlation of anthropometric indices in m en

NC(cm)

WC(cm)

BMI(kg/m2)

Fat%

NC(cm) WC(cm) BMi(kg/m2) Fat%

BMI= body mass index; WC= waist circumference; NC= neck circumference; Fat %= body fat %.

NC (cm) vs BMI kg/m?, R,linear=0.452; NC (cm) vs WC (cm), Rlinear=0.367; NC (cm) vs body fat% , R,linear=0.150.
WC (cm) vs BMI kg/m?, R,linear=0.593; WC (cm) vs body fat%, R ,linear=0.217.

BMI kg/m? vs body fat %, R,linear=0.276.



Figure 4. Scatter plot matrix of the correlation of anthropometric indices in
women

NC(cm)

WC(cm)

BMI(kg/m2)

Fat%

NC(cm) WC(cm) BMI(kg/m2) Fat%

BMI: body mass index; WC: waist circumference; NC: neck circumference; Fat%: body fat%.

NC (cm) vs BMI kg/m?, R,linear=0.278; NC (cm) vs WC (cm), R,linear=0.404; NC (cm) vs body fat%, R,linear=0.123.
WC (cm) vs BMI kg/m?, R,linear=0.489; WC (cm) vs body fat%, R,linear=0.192.

BMI kg/m? vs body fat %, R,linear=0.313.!
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Table 8. Age adjusted correlation of anthropometric indices

Over all Men Women

n=584 n=70 n=514
Body BMI e NC Body BMI e NC Body BMI wC NC
Fat%  (kg/m?) (cm) (ecm) Fat% (kg/md) (cm) (cm Fat%  (kg/m?) (cm) (cm)
Body Fat% 1.000 0.528*** 0.266*** -0.006 1.000 0.466***  0.364** 0.289* 1.000 0.550%*** 0.424*** 0.326***
BMI (kg \BNV 1.000 0.676*** 0.418*** 1.000 0.765**  0.612*** 1.000 0.697*** 0.516***
WC (cm) 1.000 0.590*** 1.000 0.537*** 1.000 0.607***

NC (cm) 1.000 1.000 1.000

BMI= body mass index; WC= waist circumference; NC= neck circumference; Fat%= body fat%.

Note : Correlation adjusted for age (years). Data presented as coefficient (R); * denotes significance at 0.05 level; ** denotes significance at 0.01 level; ***

denotes significance at 0.001 level.

Table 9. Age adjusted correlation of anthropometric indices

by body mass index groups for male subjects

Over all Normal weight Over-weight Obese

n=70 n=15 n=27 n=28
Body BMI wC NC Body BMI waist Neck Body BMI waist Neck Body BMI  waist  Neck
Fat% (kg/m?) (cm) (cm) Fat% (kg/m?) (cm) (cm) Fat% (kg/m® (cm) (cm) Fat% (kg/m?) (cm) (cm)
Body Fat% 1.000 0.466*** 0.364** 0.289* 1.000 0.203 -0.458 -0.294 1.000 0.073 0.587** 0.510* 1.000 -0.012 -0.017 -0.106

BMI (kg \Bmv 1.000 0.765** (0.612*** 1.000 0.470 0.592* 1.000 0.317 0.265 1.000 0.553* 0.581*

WC (cm) 1.000 0.537*** 1.000 0.715* 1.000 0.408* 1.000 0.214
NC (cm) 1.000 1.000 1.000 1.000

BMI= body mass index; WC= waist circumference; NC= neck circumference; Fat%= body fat%.

Note: Correlation adjusted for age (years). Data presented as coefficient (R); * denotes significance at 0.05 level; ** denotes significance at 0.01 level; *** denotes

significance at 0.001 level.



Table 10. Adjusted correlation of anthropometric indices by body mass index groups for female subjects

Overall Normal weight Over-weight Obese
n=514 n=41 n=131 n=342
Body BMI Waist Neck Body BMI Waist Neck Body BMI Waist Neck Body BMI Waist  Neck
Fat% (kg/m?) (cm) (cm) Fat% (kg/m®) (cm) (cm) Fat% (kg/m®) (cm) (cm) Fat% (kg/m?) (cm)  (cm)
Body Fat%  1.000 0.551** 0.424*= 0.333** 1,000 0.464* 0.324* 0.261  1.000 0.272* 0.099 0.214* 1.000 0.109* 0.062  0.019
BMI (kg /m?) 1.000 0.698*** 0,523 1.000  0.390* 0.206 1.000  0.184* 0.431%* 1.000  0.559** 0.395%
WC (cm) 1.000 0.605*** 1.000 0.511* 1.000 0.410%* 1.000  0.514%
NC (cm) 1.000 1.000 1.000 1.000

BMI= body mass index; WC= waist circumference; NC= neck circumference; Fat%= body fat%.

Note: Correlation adjusted for age (years), postmenopausal, and hormones use. Data presented as coefficient (R); * denotes significance at 0.05 level; ** denotes

significance at 0.01 level; *** denotes significance at 0.001 level.



Figure 5. Neck circumference levels by waist circumference and body mass index tertiles for men
11
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* No obese men has WC < 25th percentile.

__w_<__n body mass index= WC: waist circumference; NC= neck circumference.



Figure 6. Neck circumference levels by waist circumference and body mass index tertiles for women
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- No normal weight women has WC > 75™ percentile.
BMI= body mass index; WC= waist circumference; NC= neck circumference.
*** Denotes significance post hoc analysis at 0.001 level



Table 11. Adjusted correlation coefficients between anthropometric indices and cardiometabolic risk factors by body
mass index in female subjects

Overall Normal Overweight Obese
n=470 n=36 n=118 n=316
Body  BMI wC NC Body BMI  WC NC Body BMI WwC NC Body BMI wC NC
Fat% (kg/m?) (cm) (cm) Fat% (kg/m?) (cm) (cm) Fat% (kg/m?)  (cm) (cm)  Fat% (kg/m?) (cm) (cm)
SBP 0.080 0.205** (0.242*** (.298** -0.033 0.055 -0.133 -0.112 -0.040 0.064 0.266** 0.379***  0.027 0.210*** (0.235***  (0.302***
DBP 0.065 0.156** 0.169*** (.287*** 0.302 0.415* 0.005 0.064 -0.046 0.008 0.130 0.319** -0.001 0.152**  0.157** 0.263***
TC 0.089 -0.005 -0.007 0.070 0.274  0.192 0.442 0.324 0.231 0.069 -0.100 0.098 0.052 -0.038 -0.023 0.021
HDLc 0.058  -0.100* -0.138** -0.159*** 0.343 0.163 0.095 0.123 0.097 -0.095 -0.164  -0.142 0.149** -0.050 -0.101 -0.170**
LDLc 0.079 -0.016 -0.043 0.020 0.236 0.126 0.383* 0.243 0.229 0.048 -0.149 0.033 0.071 -0.014 -0.038 -0.002
TG 0.024 0.138* 0.247*** (0.344*** -0.225 0.101 0.354* 0.327 -0.015 0.170 0.305** 0.376*** -0.155* -0.027 0.130* 0.255%**
FG* -0.101*  0.087 0.142*  0.347** -0.297 -0.139 -0.003 0.207 -0.235* -0.010 0.039 0.349**  -0.156** 0.079 0.157** 0.355%**
n= 244 n=29 n= 60 n= 155
HOMA-IR 0.215* 0.194** 0.252*** 0.420***  0.152 -0.337 -0.004 0.043 0.186 0.088 0.175 0.376** -0.007 -0.024 0.116 0.378***
Insulin 0.232** (.222** 0.280*** 0.385***  (0.164 -0.378 -0.008 -0.011 0.172 0.072 0.216 0.322* 0.011 0.012 0.139 0.347***

BMI: body mass index= WC= waist circumference; NC= neck circumference; SBP= Systolic BP (mm Hg), DBP= Diastolic BP (mm Hg), T C= Total Cholesterol (mmol/L), TG: Triglycerides
(mmol/L), FG= Fasting glucose (mmol/L), HDLc= high density lipoprotein Cholesterol (mmol/L), LDLc= low density lipoprotein Cholesterol (mmol/L), HOMA -IR= homeostasis model
assessment of insulin resistance (mmol/L ! " U/mL).
Note : Correlation adjusted for age (years), postmenopausal, hormones use. Data presented as coefficient (R); * denotes significance at 0.05 level; ** denotes significance at 0.01 level; ***

v
denotes significance at 0.001 level; # log and = SQRT transformed values; Excludes individuals with diabetes.



Table 12. The associations of neck circumference  with metabolic and
cardiovascular disease risk factors, using multiple linear regression analysis

Dependent Independent | (SE P-Value  Adjusted R- R Square
Variables Variables ' (SE) Change
a
SBP Model 1 4.87(0.705) <0.001 0.200% 0.063*
Model 2 4.33(0.824) <0.001 0.201* 0.037*
Model 3 3.98(0.869) <0.001 0.203* 0.028*
Model 4 3.91(0.888) <0.001 0.202%* 0.026*
Model 5 4.18(0.952) <0.001 0.217* 0.030*
a
DBP Model 1 3.38(0.462) <0.001 0.103* 0.080%
Model 2 3.25(0.541) <0.001 0.101* 0.054*
Model 3 3.47(0.570) <0.001 0.101* 0.055*
Model 4 3.38(0.583) <0.001 0.100* 0.050*
Model 5 3.50(0.641) <0.001 0.110% 0.052**
#b
Glucose Model 1 0.035(0.006) <0.001 0.340% 0.035%
Model 2 0.044(0.007) <0.001 0.345* 0.041%
Model 3 0.045(0.008) <0.001 0.344% 0.039*
Model 4 0.047(0.008) <0.001 0.345* 0.041%
Model 5 0.051(0.008) <0.001 0.354* 0.048*
: : ve
Triglycerides Model 1 0.040(0.005) <0.001 0.140% 0.094**
Model 2 0.047(0.006) <0.001 0.146* 0.094*
Model 3 0.037(0.006) <0.001 0.140* 0.052**
Model 4 0.042(0.006) <0.001 0.154* 0.062**
Model 5 0.041(0.007) <0.001 0.162% 0.066**
d
Cholesterol Model 1 0.121(0.041) 0.002 0.026** 0.014*
Model 2 0.154(0.048) 0.001 0.027* 0.016*
Model 3 0.157(0.051) 0.002 0.027* 0.015*
Model 4 0.165(0.052) 0.002 0.026* 0.016*
Model 5 0.155(0.058) 0.002 0.034* 0.014*
d
HDL cholesterol ™\ 461 1 -0.037(0.016) 0.003 0.038* 0.014*
Model 2 -0.036(0.016) 0.022 0.036* 0.009*
Model 3 -0.037(0.016) 0.023 0.036* 0.008*
Model 4 -0.036(0.017) 0.033 0.034* 0.007*
Model 5 -0.031(0.018) 0.082 0.048* 0.006
d
LDL cholesterol Model 1 0.049(0.038) 0.198 0.040%* 0.003
Model 2 0.066(0.045) 0.139 0.040* 0.004
Model 3 0.070(0.047) 0.135 0.040% 0.004
Model 4 0.073(0.048) 0.124 0.038* 0.004
Model 5 0.061(0.052) 0.241 0.036* 0.003
ve
HOMA-IR Model 1 0.266(0.033) <0.001 0.186 0.170%
Model 2 0.265(0.039) <0.001 0.183* 0.122%
Model 3 0.252(0.040) <0.001 0.184* 0.105*
Model 4 0.256(0.041) <0.001 0.182% 0.101*
Model 5 0.243(0.047) <0.001 0.154* 0.094*
H ve
Insulin Model 1 0.466(0.058) <0.001 0.170** 0.168**
Model 2 0.441(0.069) <0.001 0.169* 0.109*
Model 3 0.417(0.070) <0.001 0.171% 0.093*
Model 4 0.417(0.073) <0.001 0.169* 0.087*
Model 5 0.387(0.084) <0.001 0.139* 0.074*

]

BMI= body mass inde x; WC= waist circumference; NC= neck circumference; SBP= Systolic BP (mm Hg); DBP= Diastolic BP (mm Hg); TC=
Total Cholesterol (mmol/L); TG= Triglycerides (mmol/L); FG= Fasting glucose (mmol/L); HDLc= high density lipoprotein choleste rol (mmol/L)
LDLc= low density lipoprotein cholesterol (mmol/L; HOMA -IR= homeostasis model assessment of insulin resistance (mmol/L ! "U/mL). Model
1: one dependent (cardiometabolic risk factor), one independent (NC) (in the second block), controlling for confounders (age, di etary habit &
practices, activity level & life style, postmenopausal status, and hormone use) (in the first block). Model 2: one dependent, one independent
(NC) (in the second block), controlling for confounders (age, dietary habit & practices, activity leve | & life style, postmenopausal status, hormone
use, and BMI) (in the first block). Model 3: one dependent one independent (NC) (in the second block), controlling for confounders (age, dietary
habit & practices, activity level & life style, postmenopausal s tatus, hormone use, and WC) (in the first block). Model 4: one dependent, one
independent (NC) (in the second block), controlling for confounders (age, dietary habit & practices, activity level & life st yle, postmenopausal
status, hormone use, BMI, and WC) (in the first block). Model 5: one dependent, one independent (NC) (in the second block), controlling for
confounders (age, dietary habit & practices, activity level & life style, postmenopausal status, hormone use, BMI, WC and Fat s (in the first

! ! H#



block). Additionally adjusted for (a) Hypertension treatment (b) diabetes treatment, (c) hyperlipidemia treatment (d) Hyper cholesterol. (e)

Excludes individuals with diabetes. # Log and V SQRT transformed values.

R square change is the amount of the increase in predictive power after entering the NC to the model (second block). * denotes S|gn|f|cance at
0.05 level; ** denotes significance at 0.01 level; *** denotes significance at 0.001 level.!



Table 13. The associations of anthropometric s indices with metabolic and
cardiovascular disease risk factors, using m ultiple linear regression analysis

Dependent Independent | P- Adjusted R Square
Variables Variable ! (SE) Value R? Change
SBP 2
NC 4.189(0.952) 0.000 0.217 0.082**
Waist 1.638(1.165) 0.160
BMI 1.117(1.116) 0.317
Fats% -1.201(0.883) 0.174
DBP ?
NC 3.502(0.641) 0.000 0.110 0.089**
Waist -0.323(0.775)  0.677
BMI 0.919(0.745) 0.218
Fat% -0.611(0.588)  0.300
Glucose **
NC 0.051(0.008) 0.000 0.354 0.058**
Waist -0.013(0.010) 0.176
BMI 0.001(0.009) 0.900
Fat% -0.023(0.007) 0.002
Triglycerides V¢
NC 0.041(0.007) 0.000 0.162 0.127**
Waist 0.020(0.008) 0.012
BMI -0.013(0.008) 0.098
Fat% -0.010(0.006) 0.090
Cholesterol ¢
NC 0.155(0.058) 0.007  0.034 0.022*
Waist -0.061(0.071)  0.389
BMI -0.068(0.067)  0.307
Fat% 0.093(0.054) 0.083
HDL Cholesterol ¢
NC -0.031(0.018) 0.082 0.049 0.024*
Waist -0.017(0.022)  0.453
BMI -0.018(0.021)  0.394
Fat% 0.043(0.017) 0.009
LDL Cholesterol ¢
NC 0.066(0.049) 0.178 0.036 0.007
Waist -0.065(0.061) 0.291
BMI -0.027(0.064) 0.676
Fat% 0.061(0.052) 0.241
HOMA-IRY®
NC 0.243(0.047) 0.000 0.154 0.167**
Waist 0.021(0.055) 0.707
BMI -0.025(0.055) 0.646
Fat% 0.023(0.048) 0.636
Insulin ¥ ®
NC 0.387(0.084) 0.000 0.139 0.154**
Waist 0.078(0.099) 0.432
BMI -0.022(0.100) 0.822
Fat% 0.034(0.088) 0.702

L}

BMI= body mass index; WC= waist circumference; NC= neck circumference; SBP= Systolic BP (mm Hg), DBP= Diastolic BP

(mm Hg), TC= Total Cholesterol (mmol/L), TG= Triglycerides (mmol/L), FG= Fasting glucose (mmol/L), HDLc= high density
lipoprotein cholesterol (mmol/L), LDLc= low density lipoprotein cholesterol (mmol/L), HOMA-IR= homeostasis model
assessment of insulin resistance (mmol/L ! "U/mL).

Models are: one dependent (cardiometabolic risk factor) and four independents (BMI, WC, NC, Fat %) (in the second block),
controlling for confounder s (age, dietary habit & practices, activity level & life style, postmenopausal status, and h ormone
use) (in the first block). Additionally adjusted for (a) Hypertension treatment (b) diabetes treatment, (c) hyperlipidemia

treatment (d) Hyper cholesterol. (e) Excludes individuals with diabetes. # Log and V SQRT transformed values.
R square change is the amount of the increase in predictive power after entering the NC to the model (se(iond block). *
denotes significance at 0.05 level; ** denotes significance at 0.01 level; *** denotes significance at 0.001 level. :
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Figure 7. Systolic blood pressure levels by neck circumference and

body mass
index subgroups for women
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Note: P-interaction represents the p-value for interaction between body mass index (BMI) groups and neck

circumference levels (tertiles); all means are adjusted for age (years), postmenopausal, hormones use; ** Denotes
significance post hoc analysis at 0.01 level; *** denotes significance at 0.001 level.
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Figure 8. Diastolic blood pressure levels by neck circumference and

body mass
index subgroups for women
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Figure 9. Total Cholesterol levels by neck circumference and body mass index
subgroups for women
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Note: P-interaction represents the p-value for interaction between body mass index (BMI) groups and neck
circumference levels (tertiles); all means are adjusted for age (years), postmenopausal, hormones use.
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Figure 10. SQRT triglycerides levels by neck circumference and body mass index
subgroups for women
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all means are adjusted for age (years), postmenopausal, hormoniles use; * denotes significance post hoc analysis at 0.05 level; ** denotes
significance at 0.01 level; *** denotes significance at 0.001 level.:
NC= neck circumference



Figure 11. Log fasting glucose levels by neck circumference and body mass
index subgroups for women

B NC < 25th Percentile ! BNC <25th - ¥5th Percentile ! = NC > 75th Percentile !

*p&! P-Interaction=0.799!
ML+

:+-\-!
=

*%$!

$%)!

$%(!

$%'!

$%&!

Fasting glucose (mmol/L)!

$%3$!
Normal ! Overweight ! Obese!

2

Body mass index (BMI) kg/m
Note: P-interaction represents the p-value for interaction between body mass index (B MI) groups and neck circumference levels (tertiles);
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significance at 0.01 level; *** denotes significance at 0.001 level.:
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Figure 12. HDL cholesterol levels by neck circumference and body mass index
subgroups for women
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Figure 13. SQRT HOMA-IR levels by neck circumference and body mass index
subgroups for women
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all means are adjusted for flge (years), postmenopausal, hormones use; ** denotes significance post hoc analysis at 0.01 level; *** denotes
significance at 0.001 level. :
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Table 14. Multiple binary logistic regression analysis, using each cardiovascular
disease risk as the dependent variable on neck circumference

Dependent Variables OR(95%CI) P-Value
Hypertension
Model 1 1.38(1.25-1.52) 0.000
Model 2 1.32(1.18-1.46) 0.000
Model 3 1.29(1.15-1.45) 0.000
Model 4 1.29(1.15-1.45) 0.000
Elevated Triglycerides
Model 1 1.26(1.16-1.37) 0.000
Model 2 1.27(1.16-1.40) 0.000
Model 3 1.25(1.12-1.38) 0.000
Model 4 1.25(1.13-1.38) 0.000
Elevated fasting glucose
Model 1 1.48(1.33-1.64) 0.000
Model 2 1.62(1.43-1.84) 0.000
Model 3 1.67(1.46-2.91) 0.000
Model 4 1.70(1.48-2.94) 0.000
HOMA_IR-Normal>75"
Model 1 1.19(1.06-1.35) 0.004
Model 2 1.21(1.04-1.39) 0.009
Model 3 1.21(1.03-1.41) 0.017
Model 4 1.20(1.02-1.40) 0.027
Reduced HDL cholesterol
Model 1 1.27 (1.08-1.27) 0.000
Model 2 1.15(1.05-1.26) 0.002
Model 3 1.13(1.02-1.24) 0.017
Model 4 1.14(1.03-1.26) 0.012
Elevated LDL cholesterol
Model 1 1.11(1.02-1.19) 0.014
Model 2 1.08(0.99-1.18) 0.101
Model 3 1.06(0.96-1.16) 0.270
Model 4 1.06(0.96-1.16) 0.268
Central obesity
Model 1 1.47(1.34-1.62) 0.000
Model 1+(BMI, Fat%) 1.48(1.29-1.71) 0.000
Having two or more risks
Model 1 1.59(1.42-1.78) 0.000
Model 2 1.59(1.40-1.81) 0.000
Model 3 1.58(1.34-1.82) 0.000
Model 4 1.61(1.40-1.85) 0.000
Metabolic Syndrome (harmonize)
Model 1 1.59(1.42-1.78) 0.000
Model 2 1.59(1.40-1.81) 0.000
Model 3 1.58(1.38-1.82) 0.000
Model 4 1.61(1.40-1.85) 0.000
Metabolic Syndrome (IDF)
Model 1 1.61(1.44-1.81) 0.000
Model 2 1.61(1.42-1.83) 0.000
Model 3 1.59(1.39-1.83) 0.000
Model 4 1.62(1.41-1.86) 0.000

Note:

Model 1: one dependent, one independent (NC) controlling for confounders (age, postmenopausal status, hormone use dietary
habit & practices, activity le vel & life style).

Model 2: one dependent, one independent (NC) controlling for confounders (age, postmenopausal status, hormone use, dietary
habit & practices, activity level & life style, and BMI)

Model 3: one dependent, one independent (NC) controlling for confounders (age, postmenopausal status, hormone use, dietary
habit & practices, activity level & life style, BMI, WC)

Model 4: one dependent, one independent (NC) controlling for confounders (age, postmenopausal status, and hormone use,
dietary habit & practices, activity level & life style, BMI, WC and Fats)



Figure 14. Multiple binary logistic regression analysis of cardiovascular disease

risk factors for neck circumference
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Table 15. Logistic regression analysis of risk for metabolic syndrome and its
components by quartile of neck circumference level

OR(95%CI)
NC cm Q1 Q2 Q3 Q4
Women <35cm 35.0 - 36.5cm 36.6 - 38cm >38cm
N (614) 144 172 171 127

All P-trend<0.0001

Hypertension

Model 1 1 3.04(1.82-5.09)** 5.55(3.39- 9.08)** 8.76(5.13-14.96)*"

Model 2 1 2.39(1.38-4.12)* 4.77(2.82- 8.07)* 6.76(3.78-12.08)*
High glucose

Model 1 1 3.14(1.97-4.99)* 7.81(4.74-12.87)* 15.28(7.95-29.36)*

Model 2 1 2.47(1.51-4.05)* 6.85(4.05-11.57)* 11.51(6.81-22.77)*
High Triglycerides

Model 1 1 1.79(1.11-2.89) 2.63(1.67- 4.14)* 4.38(2.67- 7.18)**

Model 2 1 1.57(0.96-2.56) 2.30(1.44- 3.66)** 3.37(2.02- 5.65)**
Low HDL cholesterol

Model 1 1 2.17(1.35-3.49)* 2.60(1.64- 4.13)* 3.54(2.08- 6.02)*

Model 2 1 2.09(1.28-3.42)* 2.36(1.46- 3.81) 3.28(1.87- 5.75)*
High LDL cholesterol

Model 1 1 2.17(1.35-3.49)* 2.60(1.64- 4.13)*  3.54(2.08- 6.03)**

Model 2 1 2.09(1.28-3.42)* 2.36(1.46- 3.81)* 3.28(1.87- 5.75)*
HOMA-IR >75™

Model 1 1 2.98(1.62-5.50)** 3.29(1.83- 5.93)*  3.10(1.63- 5.84)**

Model 2 1 2.67(1.44-4.98)* 2.95(1.62- 5.38)*  2.59(1.34- 5.03)**
Obesity: BMI! 30

Model 1 1 2.58(1.62-4.09)** 4.78(2.97- 7.67)* 6.34(3.65-11.01)*

Model 2 1 2.68(1.67-4.31)* 4.83(2.97- 7.88)* 6.57(3.69-11.70)*
Central-obesity: WC ! 92

Model 1 1 5.37(3.25-8.85)*" 10.07(5.89-17.23) 27.01(11.87-61.46)*"

Model 2 1 4.86(2.92-8.12)* 9.07(5.25-15.67)*  23.12(10.00-53.46)**
Having two risks or more

Model 1 1 3.66(2.27-5.90)** 9.35(5.48-15.98) 17.13( 8.38-34.99)**

Model 2 1 2.89(1.74-4.79)* 7.65(4.38-13.38)"  12.57(5.67-26.47)*

Metabolic Syndrome
(harmonized)

Model 1 1 3.84(2.38-6.20)** 9.82(5.74-16.80)** 17.98(8.79-36.78)**

Model 2 1 3.06(1.84-5.08)** 8.13(4.64-14.22)** 13.39(6.35-28.23)**
Metabolic Syndrome (IDF)

Model 1 1 4.14(2.56-6.69)** 10.58(6.18-18.13)** 19.38(9.47-39.67)**

Model 2 1 3.30(1.98-5.49)** 8.83(5.04-15.49)** 14.55(6.89-30.72)**

Model 1: Unadjusted. Model 1: Adjusted for age, postmenopausal status, hormone use dietary habit & practices,
activity level & life style. ** represented significant at 0.001 level.
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Figure 15. ROC curve for neck circumference to predict the presence of three or
more metabolic syndrome risk factors based on IDF definition in women
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! Neck circumference cutoff (NC= 35.5cm), with distance in ROC curve=0.327; Youden
Index= 0.450, sensitivity= 78.7%; specificity= 66.3%; and accuracy= 75% in
predicting the presence of risk factors.

Neck circumference cutoff (NC= 35cm), with shortest distance on the ROC curve
from perfect predictor (0.32 3).

# Neck circumference cutoff (NC= 36cm), with highest Youden Index, maximum
sensitivity and specificity , (0.468).



Figure 16. ROC curve for waist circumference to predict the presence of two or
more metabolic syndrome risk factors based on IDF definition in women
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|
Waist circumference cutoff (WC=92cm) with shortest distance on the ROC
curve=0.434; Youden Index= 0.318, sensitivity= 78.1%; specificity= 53.7%; and
accuracy= 70.7% in predicting the presence of risk factors. This cutoff has higher
sensitivity.

Waist circumference cutoff (WC=95cm) with highest Youden Index, maximum
sensitivity and specificity, (0.319).



Figure 17. ROC curve for body mass index to predict the presence of three or
more metabolic syndrome risk factors based on IDF definition in women
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' Body mass index cutoff (BMI:27.7kg/m2) with shortest distance on the ROC curve
and 84.9% sensitivity in predicting the presence of risk factors.



Figure 18. ROC curve for body fat percentage to predict the presence of three or
more metabolic syndrome risk factors based on IDF definition in women
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Table 16. Sensitivity, specificity, Youden Index, and distance in receiving operating characteristic (ROC) curve for neck
circumference cutoff values in Saudi women*
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KLMNN OMNN NM8L{ OMNN NMNN NMNN NMNG NMSN OMNN OMNN NMNN RQC a OLN N| NMSN NMNN NMB8ILL
KLMON| OMNN NM8L{ OMNN NMNK NMNN NMN9 NMSN OMNN OMNK NMNN RQC R OSS$ N| NMSO NMNK NM89F
K8MNN OMNN NM8L{ OMNN NMNR NMNK NMNL| NMSO OMNN OMNR NMNN RQC LI OSQ N| NMSO NMNR NM8O
K8MON| NM88L NM8L¢ OMNN NMNS NMNR NMOK NMSO NM8K{ OMNE NMDPK| RQN OQ OPL a| NMSK NMNS NMLP!
QNMNN NM88lI NMS8L¢ OMNN NMN8 NMNP NMOB NMSK NM8R| OMON NMNK RQN OLUL OPQ a| NBQK NMN8 NMLO
QNMON NM8&¢ NMS8LLI OMNN NMOL NMNS NMOF NMSK NM8®, OMOK NMNR RK8 KO OPN Kl NMSQ NMOC NMSL|
QOMNI] NMS8LI NM8S$ NM88| NMOL NMN8 NMOB NMSQ NMLQ( OMOF NMNL| RKP K9 O9P 9| NMSQ NMOK NMS9|
QOMOAN NMS8LE NM8PI NM88( NMOP NMOL NMKK NMSQ NMLN| OMOES NMON RKR K8 O9K S| NBRN NMOR NMSK
QKMNN NM8SI NM8%¢ NMS8LI NMOL NMOL NMK9| NMSR NMSQQ OMOB NMOK RO8 QR ORS OK| NMSR NMOP NMPL!
QKMON NM8Pi NM8R NM8$% NMKR NMOL NMQQ NMS9 NMSQ OMKSE NMOB RO9 RR OQE OP| NMS9 NMKN NMPO
QQOMNI NM8% NM8O® NM8$S| NMON NVIKRI NMQF NMSP NMS9 OMQE NMO{ ROG 999 OKP OlU| NMSP NMKP NMOK
QOMAN NM8R NM8K' NM8P| NMRN NMQR NMRL| NMS8 NMSP| OMPN NMO{ RNL SR ONS& KQ| NVSLL NMQD NMRN
QRMNN NM8KI NML& NM8R| NMRR NMQE NM9K| NMLN NMSO OMPSE NMOF Q88 LQO ONN QK| NMSL NMQB NMQ5
QRMON NMLLF NML9I NM8O NM9O NMRR NMOLl NMLOF NMP9| OMLO NMKK QLO 8Q LL!' 9N| NMSS NMQB NMQB
101222'| 21340 21325 21356| 21078 21083 21662| 213!8' 21680 91266 2196!"| !64" 825" 54" 65'| 21552 21416 21191"
Q9MON NMSL: NMSR NMLK{ NMPP NM98(C NMSK NMLR NM9P| KMQE NMQK QOB OKN PO 8K| NMS9 NMR9 NMQK
161222'| 21520 21668 21546| 21569 21670 21387| 21356 21098| 91767 21!36'| 124" 8I3" 41" 895'| 21599 21463 21108

QPMON NMPO NM9PI NMP9 NMLO NMSR NMLP| NMLLF NMRPA QMKP NMRE KPR ORS QR OP§ NMPS NMRK NMRK
QSMNN NMRS NMRE NMOK| NMLPI NMLN'  NM8MN| NML8 NMRN QMRP NMPN KNP O9P K9 KK9| NM98t NMOR NMOR
QSMON NMQL NMQE NMRG NM8WN NML9F NM8R| NM8N NMQL RMON NMP§ OPP OPR OS$ KP9| NM9®Q NMKS NMPK
QLMNN NMKS NMKOQ NMQG NM8R NM8MN NM8%{ NMB8Ki NMQB RM8O NMSE OOE OSO ON QOR NMRE NMKO NMSQ

Z

QLMON NMKK NMOB NMKP| NM8%F NM8O® NM8%| NMBK! NMQR O9MOR NMLN 8Ll 0OSQ QQL NRRQ NMOL NMS$S
Q8MNN NMOB NMOK NMOL NM8&I NM8R NM88( NM8R NMQK PMLKI NMLP P9 OSS R QPP NMQB NMOK NMLR
Q8MON NMOL NMN8 NMOB NMS8LLE NM89¢ NM88{ NM8PI NMQK ONMSN NML3 9@ OS8 K QLN NMQSE NMON NMLLL(
RNMNN NMN9 NMNG NMNL| NM88F NM8RF OMNN NM8PI NMQN ONMRE NMS8R K9 OLN a RNP| NMQL NMN9 NM8R
RNMON NMN9 NMNEL NMNEF OMNN NM8%I OMNN OMNN NMON @G.I NMS8R K@ OLO N RNL| NMQL NMN9 NM8R
ROMNRN NMNG NMNC NMN9 OMNN NM8%I OMNN OMNN NMON @G.l NM8$ Oo0Q OLO N ROL| NMQL NMNEG NMB8P:
ROMON NMNC NMNN NMNK OMNN NM8% OMNN OMNN NMK8 @G.I NMS8L 9 OLO N RKP| NMQN NMNC NM8LL
RKMNN NMNN NMNN NMNG OMNN NM8%I OMNN I NMK8 " OMNN N OLO N RQQO NMK8 NMNN OMN

* Metabolic risk factors were defined according to IDF definition (21): elevated triglycerides, ! 150 mg/dL or specific treatment for hypertriglyceridemia; reduced HDL
cholesterol, < 40 mg/dL for men and <50 mg/dL for women or specific treatment for this lipid abnormality; elevated blood pres sure, systolic blood pressure ! 130 mmHg,
diastolic blood pressure ! 85 mmHg or treatment for previously diagnosed hypertension; elevated fasting plasma glucose ! 100 mg/dL or previously diagnosed type 2
diabetes. Youden Index= TPF-FPF= Sensitivity+ Specificity -1. Distance in ROC curve = square root of (1-TPFf+ FPF2=(1-sensetivity)?+ (1-specificty) 2!



Table 17. Sensitivity, specificity, Youden Index, and distance in receiving operating characteristic (ROC) curve for waist
circumference cutoff values in Saudi women*
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OOM NMOL NMOE NM8N| NMTQ NMTN NMST| NMLO NMO9@®Q RMTO( NMTT] TON Q8 RR8 9T NMLP|  NMP§ NMOP
O8MI NMOB NMOP NMOQ NMSN NMTTI NMSL| NMLO® NM9% RMSS NMT§| TLR LQ RRP QR NMLP|  NMPQ NMSS8!
8NMI NMOP NMLO NMOB NMS9 NMTO NMOP{ NMLL(C NMOT| RMOPI NMTQ TO9U' OQ®@ RNP LQ NMLR| NMPQ NMSQ
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8QM¢ NMQL NMQT NMLP| NMQP NM99I NMQQ NMON NMS9| RML8C NMOR| P83 RRL LR RTS8 NMQY NMTN NMSQ
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* Metabolic risk factors were defined according to IDF definition (21): elevated triglycerides, ! 150 mg/dL or specific treatme nt for
hypertriglyceridemia; reduced HDL cholesterol, < 40 mg/dL for men and <50 mg/dL for women or specific treatment for this lip id abnormality;
elevated blood pressure, systolic blood pressure ! 130 mmHg, diastolic blood pressure !85 mmHg or treatment for previously diagnosed
hypertension; elevated fasting plasma glucose ! 100 mg/dL or previously diagnosed type 2 diabetes. Youden | ndex= TPF-FPF= Sensitivity+
Specificity -1. Distance in ROC curve = square root of (1-TPF)+ FPF=(1-sensetivity)+ (1-specificty)-
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Table 18. Sensitivity, specificity, Youden Index, and distance in receiving operating characteristic (ROC) curve for body
mass index cutoff values in Saudi women*
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* Metabolic risk factors were defined according to IDF definition (21): elevated triglycerides, ! 150 mg/dL or specific treatme nt for
hypertriglyceridemia; reduced HDL cholesterol, < 40 mg/dL for men and <50 mg/dL for women or specific treatment for this lipid abnormality;
elevated blood pressure, systolic blood pressure ! 130 mmHg, diastolic blood pressure !85 mmHg or treatment for previously diagnosed
hypertension; elevated fasting plasma glucose ! 100 mg/dL or previously diagnosed type 2 diabetes. Youden Index= TPF-FPF= Sensitivity+
Specificity -1. Distance in ROC curve = square root of (1-TPF)+ FPF=(1-sensetivity)+ (1-specificty):



Table 19. The prevalence of the metabolic syndrome and central obesity among adult®s Saudi women aged 18 -70 years

Metabolic :
Metabolic :
syndrome syndrome (IDF)0 Central obesity
(Harmonized)v y
n(%) n(%) n(%)
n=622 n=622 n=623
IDF waist circumference " 431(69.3) 428(68.8) 587(94.2)
Modified waist circumference 384(61.7) 347(55.8) 444(71.3)

V Metabolic syndrome defin ed as per (IDF, NHLBI, AHA, IAS, IASO) harmonized definition guidelines (73); the presence of any three or more of the risk

factors. UMetabolic syndrome defined as per IDF definition guidelines (38); the presence of abdominal obesity and two or more of the risk factors.

Metabolic risks defined according to IDF criteria (38): central obesity, waist circumference ! 80 cm for women; raised triglycerides (! 147 mmol/L); reduced

HDL cholesterol (<1403 mmol/L for men and 1429 mmol/L for women or specific treatment for this lipid abnormality); raised fasting plasma glucose (! 546

mmol/L or previously diagnosed type 2 diabetes); raised blood pressure (systolic BP ! 130 mmHg, diastolic BP! 85) or treatment for previously diagnosed
#

hypertension. IDF Waist circumference ! 80 cm for women, Modified waist circumference ! 92 for women.



Table 20. Comparison of the prevalence of metabolic syndrome and obesity by cut -off point of neck circumference for
women

NC < 35.5 NC! 35.5

n 175 439

Neck circumference (means + SD) 33.1(32.8-33.3) 37.6(37.5- 37.8)***
Waist circumference (means = SD) 88.9(87.3-90.6) 103.6(102.6-104.5)***
Metabolic syndrome (%) 67(38.3) 364(82.9)***
Metabolic syndrome -IDF (%) 64(36.6) 364(82.9)***
Having 2 or more risks (%) 69(39.4) 364(82.9)***
Obesity (%) 73(41.7) 332(75.6)***
Central obesity (%) 148(84.6) 439(100)***

NC: neck circumference. Categorical data were described as n (%), and continuous data were described as means +
standard deviation. ***p-values = 0.000 between the groups of the above and below cut -off points of NC in women.



Figure 19. Age adjusted ORs of metabolic syndrome according to joint classification of neck circumference and the
modif ied waist circumference cutoff po int.
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Figure 20. Age adjusted ORs of metabolic syndrome according to joint classification of neck circumference and the
WHO overweight cutoff point.
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Figure 21. Age adjusted ORs of metabolic syndr ome according to joint classification of neck circumference and the
IDF waist circumference cutoff point

"H1$%618'()!

23.18(6.57-81.78)!
n=439 !

‘%!

'$!
&%!
&$!
0,
! WC" 80!
Waist
$! circumference

wc<sgo!  (cm)!

NC< 35.5cm !

Neck circumference (cm) ! NC" 35.5cm!

:#



Chapter 4: Discussion

Obesity is steadily increasing in the Middle East, especially in Saudi Arabia, and
is currently one of the most seriousalie problems in the region. Because of the
comorbidity associated with obesity, early diagnosis is crucial for more effective
intervention. The most widely used index of excess body fat is the body mass index
(BMI). However, several studies have shownt tfegional (upper body) adiposity is a
more serious clinical entity than total body fatness. BMI is a poor indicator of central
adiposity (18). Therefore, other anthropometric measures of upper body adiposity have
been pronounced. To our knowledge, thisthe first studydesignedto address the

association between neck circumference and cardiometabolic risk factors in Saudi adults.

In this crosssectional analysis of 700 adults aged7D8years, the association
between body compositiondices:body fat grcentage, body mass index (BMI), neck
circumference and waist circumference (WC), as well aardiometabolic risk factors
were examinedFirst, neck circumference is associated with waist circumference in men
and women. Second, in women, neck circumfeeeis associated with cardiometabolic
risk factors beyond the other anthropometric indices. Third, neck circumference
independently contributes to the prediction of cardiometabolic risk. Fdorthyomen
the body mass index, waist circumference, and reumference of 27.7 Kg/nf, 92
cm, and! 35.5 cm, respectively, were the best cutoff points to determine subjects with
metabolic syndrome. Finallyjo synergistic effect between NC and BMI or WC on

metabolic syndrome was observed.



Neck circumference ad the other indicesThe ageadjusted neck circumference
measurements were significantly associated with BMI (total adiposity index) as well as
WC, which is frequently used as a surrogate marker of abdormmaipperbody
(subcutaneous and visceral) fat g®ab0, 51). The results show a strong positive
correlation of neck circumference with BMI and WC in baotenand womensubjects.

This was in line with several studies that have examined the association of conventional
anthropometric measures of adipositiith neck circumference (20, 35154). Onat et

al. and Hingorjo et al. reported strong correlations of neck circumference with BMI and
WC (r > 0.6) (21, 20). Stabe et al. found that neck circumference is associated with the
intra-abdominal (visceral) ta(27). However,BMI and WC are age and sex dependent
when they are used as indicators of body fatn&88).(). Most importantly, ourstudy

was controlled for age and all anagsvere sex specific. Furthermore, as in Yang et al.Os
study (14), our resuls showed a positive association between neck circumference and
increase of WC in all BMI levels in women, but not in men. Klein et al. stated that the
cutoff points of WC > 40 in (102 cm) in men and > 35 in (88 cm) in women are derived
from a regression cve that identified the WC values associated with obesity (BMI > 30)
(17). This explainsour finding that WC has higher correlations with BMI and body fat
percentage compared to neck circumferemd@chis in line withfinding from a recent

study in oveweight and obese aduldy Joshipura et glL97). The finding from this study
implied that the incremental added value of using neck circumference would be higher as
neck circumference would be more independent of BMI compared to waist
circumferencg197). This may also be applied to the body fat percentage in our study.

We used a DEXA scan as a gold standard for the assessment of body fat percentage



I
however, the DEXA dose not quantify the vascular and subcutaneous fat, especially in
morbid obese (198). Computed tomography (CT) and magnetic resonance imaging (MRI)
are considered the gold standard for detailed assessment of upper body fat sections (199,

200).

Anthropometric measurements are the most basic assessment tools with a well-
established relationship with body fat distribution and metabolic complications that
overcome the expense and availability limitations of the gold-standard methods (e.g., CT,
MRI) in clinical practice (199, 200). Neck circumference measurement requires less
effort for both the examiner and the subject than other anthropometric methods. It
requires a single measurement site with less bias of anatomical and observer variations
(27). In addition, the measurement of neck circumference may be more socially
acceptable, convenient, and tolerable, especially for overweight and obese women (153,
154, 201). Neck circumference is measured directly at the body surface, which is more
stable than the surface used for the measurement of WC or HC because light clothing
may make the measurement challenging. Thus, the use of WC or HC may increase the
chance of getting false results due to researcher or subjects' effect (201). Neck
circumference provides good inter- and intra-observer reliability (202). On the other
hand, the risk prediction of WC is influenced by the anatomic location of measurement,
especially in women. Comparison of WC values is complicated by the absence of
generally accepted anatomic landmarks for measuring the WC in different clinical
studies: the midpoint between the last intercostal arch and iliac crest; the upper border of
the iliac crest; the narrowest circumference abdomen; and distance above the umbilicus.

Whereas, each specific site used to measure the WC influences the obtained WC value,
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which can limit the evaluation of body fat distribution and their corresponding metabolic
risks, especially in women (17, 25, 26, 27). The cutoff values of WC for overweight and
obesity vary widely throughout the world. WC may also be biased by the absence of
specific, standardized cutoff points for some populations, including those of the Arabian

Gulf region.

Measuring neck circumference is a straight-forward process with minimal cost
and time requirements (154, 196). As a result, neck circumference measurement provides
a better and potentially more accurate clinical screening tool for predicting obesity and

metabolic syndrome.

Neck circumference and the cardiometabolic risk factors: General obesity (designated
by BMI) and regional adiposity (designated by WC or NC) have been related to elevated
risk for metabolic and cardiovascular diseases (16, 50, 108). Few studies have examined
the relationship between neck circumference and cardiometabolic risk factors in adults
and, at the same time, examined the association of other anthropometric indices (BMI,
WC, WHR, or body fat percentage). Zhou et al. study (152), in southern China, has
implemented a similar analysis performed in this study (Table 11). Their study showed
that neck circumference is associated with elevated SBP, DBP, triglycerides, fasting
glucose, insulin, IR, and reduced HDL. Our findings are consistent with associations
detected in that study. However, they found that the associations were higher between
BMI and WC with the cardiometabolic risks than with neck circumference. In contrast,
we found that neck circumference has the highest association with the cardiometabolic
risks. The correlation in their study was not gender specific, which may imply that the
observed disagreement is due to gender differences. Moreover, that study was among

! ll##



Chinese adults with normal weight (mean BMI= 22.6743.1) and with no previously
prescribed medication for hypertension, diabetes, or dyslipidemia. Thus, that study is
different from our study, in which they included only healthy adults with no obesity-
induced health problems (152). The data from San Juan Overweight Adults Longitudinal
Study (SOALS), which recruited overweight or obese adults who were free of previously
diagnosed diabetes, has shown consistent results to our study (197). Neck circumference
revealed higher positive associations with prediabetes and lipid abnormality than BMI,
WC, and body fat percentage.

Nevertheless, the association of neck circumference with cardiometabolic risk
factors has been conducted in several studies. The results of the present study
demonstrated a clear and consistent positive association of neck circumference
measurement with elevated SBP, DBP, triglycerides, fasting glucose, insulin, and IR in
women. These associations were present on both univariate and multivariate analyses and
remained highly significant after the adjustment for various demographic, lifestyle, and
medical characteristics. These findings are in line with numerous studies (18, 22, 155).
Brazilian women’s neck circumferences showed an association with hypertension, insulin
insensitivity, hypertriglyceridemia, lower HDLc, and higher fasting glucose level. In
addition, neck circumference and WC measurements shared significant and independent
predictions of IR and metabolic syndrome risks and neck circumference was a better risk
indicator for women than for men (27). This deferential effect of neck circumference by
sex has also been reported in other studies (18, 22). On the contrary, the contribution of
neck circumference in predicting metabolic syndrome was stronger in men compared to

women in the Turkish population (21). Although gender differences exist in these studies,
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neck circumference was significantly associated with cardiometabolic risks. And after
further control for the other anthrometric indices, neck circumference was positively
associated with each component of metabolic syndrome except for low @B). Our
findings are in agreement with these studies in which the neck circumference was related
to cardiovascular risk factorsdapendent of body fat percentage, WC, and BMI (23, 15
156). In a longitudinal cohort study of 364 subjects, B&un and Laor reported that
changes in the neck circumference did not affect El@vels after the adjustment for

WC (148). Another previoustady reported that neck circumference is correlated with
triglycerides and reduced HDLdeyond BMI and waist circumferenc0@. The
Framingham Heart Study demonstrated that the neck circumference is associated with IR,
hypertension, and dyslipidemia, gpkendent of vascular adiposity (18). Neck
circumference was also an associated factor for Type 2 diabetes after the control for BMI
and waist circumferencel70). Likewise, neck circumference has been associated with

hypertension after adjustment for BMIOY).

A recent study observed a significant association of neck circumference with
indicators of chronic kidney diseafthe CockcroftGault formula(eGFRCG, 24-hour
urine creatinine clearance ra@4(hr CCR, uric acid, and urine microalbuminufiand
with the traditional cardiovascular risk factofsligh-sensitivity Greactive protein
(hsCRB, triglycerides, LDIc, and HDLc] (204). Neck circumference also correlated
significantly with intimamedia thickness of common or internal carotid arteries, which
a direct measure of subclinical atherosclerosis, independent of BMI an@08C I( a

Brazilian study that included 43 obese adults, neck circumference demonstrated a strong
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relationship with Plasminogen Activator Inhibitor (PAI-1), which is an adipokines related
to hyperthrombotic state, inflammatory state, and cardiovascular diseases (206).

Our data and results from other studies suggest that neck circumference
contributes to the cardiometabolic adverse consequence as an upper body fat marker (18,
21, 27, 155, 156). Upper body subcutaneous fat, as measured by neck circumference,
may confer risk beyond vascular adiposity (18, 152). The precise mechanism of neck
circumference in the prediction of metabolic problems is not well understood. However,
changes in regional fat distribution, including subcutaneous fat of the neck, are associated
with adipose tissue dysfunction and abnormal adipokine secretion leading to metabolic
diseases (21, 22). Upper body fat is more lipolytically active than lower body adipose
tissue, which may be another mechanism to explain the association of neck
circumference with cardiometabolic risk. Upper body subcutaneous fat is responsible for
a much larger proportion of systemic free fatty acid release than visceral fat, specifically
in obese individuals (19, 85). This lipolytic activity of upper body fat and high levels of
plasma free fatty acids could result in insulin resistance (85), increased VLDL-
triglyceride production (158), oxidative stress (167), and the development of
hypertension. Therefore, neck circumference, as representative of upper body fat, should

be able to predict the metabolic and cardiovascular risk (18, 27, 156, 157, 197, 207, 208)

Prediction of cardiometabolic risksIn our study, adjustment for various
metabolic risk factors, such as age, sex, menopausal status, hormonal use, lifestyle, BMI,
and WC, did not change the associations between neck circumference and
cardiometabolic risks, suggesting that the effects of larger neck circumference for women

are less likely to be mediated by these factors. The regression procedure indicated that the
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enlargement of neck circumference increases the risk of developing IR,
hypertriglyceridemia, hypertension, central obesity, metabolic syndrome, and
hyperglycemia by 1.21.2; 1.3; 1.5; 1.6; and 1.7 times, respectively. Several studies have
demonstrated similar results, in which, even after they control for BMI and WC, neck
circumference presented significant prediction of metabolic syndrome components by 1.3
to 1.9 times 18, 150). In our study, women in the fourth quintile (NC >38) are associated
with an increased OR of all metabolic syndrome components. We observed an extremely
elevated risk, as much as-#8d, 13-fold, and 1fold, in central obesity, metabolic
syndrome and hyperglycemia, respectively. In addition, Laakso et al. reported that
women with neck circumference in the highest quintile were associated with about a
fivefold increased risk of elevated fasting glucose and a threefold increased OR of
hypertensionafter adjustment for BMI(100). Other studies established that neck
circumference in the highest quartile added sevenfold, eightfold, or 17 fold risks to the

IR, metabolic syndrome, and obesity compared with that in the lowest quEdije (

Importantly, a significant synergistic effect between neck circumference and
visceral adipose tissue on cardiometabolic risk factors was established in the Framingham
Heart Study (18)The present study is the first to examine the synergistic effect between
neck circunference and BMI or WC on metabolic syndrome. Our study reported the
absence of synergistic effect between neck circumferencetaed obesity indicesn
metabolic syndrome. The findings of our study and the Framingham Heart Study (18)
suggest that neakircumference, as a proxy apperbody section fatywould be helpful

to better predict metabolic syndroitten the other indices
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Neck circumference cutoff points: The overall pdormance of neck
circumference, r@a under curv@UC (0.796) in predictingmetabolic syndrome using
the IDF criteria was better than other anthropometric indices: WC (0.667); BMI (0.659);
and body fatpercentagg0.587). Few studies have compared the prediction power of
neck circumference with other anthropometric indices. Yarale found that neck
circumference and WC shared the same predictive power AUC (NC=0.73, WC=0.74) in
women (156). However, in Zhou et al.Os study, neck circumference had a significantly
large AUC (0.703), but was relatively lower than those of WHR (0;A88) (0.764);

and BMI (0.723)(152)

For women, the optimal cutoff point to predict metabolic syndrome was 35.5 cm.
The optimal cutoff point was withithe range of 336 cm reported in the literature of
neck studie$21, 27, 147, 151,152, 155, 156, 157). Some studies considered NG5cm
as the optimal cutoff valur the prediction of the developmentmetabolic syndrome

(21, 145, 156)

We suggest that the WC value of 92 cm would be more appropriate for defining
central obesity and predicting the prese of two or more metabolic risk factors in Saudi
women. This value differs frorthe recommended thresholds for American (88 cm) and
European (80 cm) women by 4 and 12 cm, respecti{@®y. However, our finding
concurs withthe results from previous stiesin the Arabian Gulf region determining
the optimal waist circumference cutoff for metabolic syndrom&atari and Iranian
women (27, 129. Other studies showed that optimal WC cutoff points are 84.5 cm for

Omani women, and 99 cm for Iragi womér2g, 128).
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Differences in the definitions of metabolic syndrome and in body sizes could
explain the discrepancies in the optimal cutoffs of neck circumference and WC among
different populations. As a result, ethnic specific cutoff values of neck circenaerand
WC are required for the prediction of cardiometabolic abnormaliti€5183, 210.

Neck circumference is an excellent independent cardiometabolic predictor that
exceeds other anthropometric indices in this study of Saudi women. However, WC, BMI,
and body fat percentage denoted lower prediction power. WC could underestimate the
real cardiovascular risk in subjects with small stature, which may be important in many
populations, such as o@audisample 211, 212). Another reason might be from the
different settings of studied populations, as our study included subjects in their late
middle ages to older adults since our ischn criteria was for subjects wheere18-70
yearsold (156, 157). For individuals with a BMI 35, waist circumference adds little to
the predictive power of the disease risk classification of BNADY1Aging women tend
to gain weight and have less estrogen protecting them against cardiovascular diseases
(213). Fat dstribution changes with aging and women develop a more central distribution

(android shape) that has been related to cardiometabolic abnormalides (

Thesefindings imply that associations between WC and cardiometabolic risks
might be mediatelly obesity (BMI, body fat percentage) in our sample. Consequently,
ethnicspecific cutoff points of neck circumference should be required for the prediction

of metabolicsyndromg147, 152, 156), particularly for Saudi women.

Lastly, although neck circumferensbows a strong association with both central
obesity and metabolic syndrontae consideration of neck circumference as a screening
test is a reasonable approatiiomen with NC < 35.5 cm do not require additional
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evaluation. Women with a neck circumferen@above this level require a more

comprehensive evaluation of thewetabolic and cardiovascular risk

Strength and limitations of the studyto our knowledge, this is the first study to
determine cutoff values of neck circumference for Saudi women tatifigl overweight
and obesity and its associated cardiometabolic risk factoesetlata add to the current
literature by showing that neck circumference is an independent predictor of obesity and
metabolic syndrome after adjusting for other anthropométdices. In this study, the
effects of all possible confounders were assedsdthis study, DEXAscanwas usedo
guantify total body fat percentages. However, other methods, such as CT scan, could
qguantify upper body fatmuchbetter. In addition, therosssectional nature of this study
prevents firm causal conclusions. This study was conducted ircigneimiting the
generalization of our findirgyto all Saudiwomen. However, given the significant and
consistent associatiordetectedin our study ad the similar findings from different
populationsn other studiesneck circumference shows promise as an alternative marker
for themetabolic and cardiovascular riskssociated with central or visceral adipodity.
addition to medicatenterbased, ommunity-based, prospective research is needed to
evaluate whether neck circumference is an important risk factor for the development of

cardiometabolic conditions.
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Summary

The current study shows that neck circumference is associated with other
anthropanetric measurements in men and women. In Saudi women, neck circumference
is an independent predictor for metabolic and cardiovascular risks above and beyond the
body mass index and waist circumference. Our results indicated that the appropriate neck
circumference to predict three or more metabolic risk factors in Saudi women is 35.5 cm.
In addition, the appropriate waist circumference to predict two or more metabolic risk
factors is 92 cm. The prevalence of central obesity and metabolic syndrome was reduced
among women according to this waist circumference cutoff. Metabolic syndrome,
obesity, and central obesity are m@revalent in women with a neck circumference

135.5cm.

The current study will contribute not only to the understanding of the importance
of the appropriate assessment of upper body obesity in screening metabolic syndrome but
also to the providing of pctical guidance in identifying individuals with metabolic
syndrome. This work is aimed tontribute to the establishmentmper procedure®r

the prevention or delay the development of diabetes and/or cardiovascular disease.

To our knowledge, thigs the first study to investigate the appropriate neck
circumference cutoff for the diagnosis of upper body obesity and metabolic syndrome in
the entire Arabian Gulf region. However, our results are not applicable to all Arab
women. The findings of the ment study are derived from a sample of adult Saudi

women in Riyadh city and are applicable to this population.
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Appendix 1B

Obesity Assessment Study P Screening tool (English)

OHello, my name is <Reem Al-bassam >. | am, a PhD student at the
University of Maryland in the United States of America. IOm collecting data about
the best way of assessing overweight and obesity in Saudi people as a
DoctorOglissertation requirement. | am inviting you to participate in this project
since your valued participant will aid us to find standardized assessment tools to
determine accurate prevalence, treatment protocols, and achieve control of
obesity among Saudi population. By participation, findings of this study will
contribute to the prevention of the epidemic of obesity and its complications in
Saudi Arabia and the entire Arabian Gulf.

In our study, we guarantee the confidentiality of the collected information that
we will get from you or through your file, and we will keep this information in a
confidential file. Also | assure you that we will not write your names or any other
information that can directly be linked to you. Only the file number will be
obtained and linked to serial number to be used in the event if there is any
missing data. Only my advisor in United States (Dr. David K. Y. Lei) and | (Reem
AlBassam) will have access to the data through password protection.

All I need is to ask some question related to your socio-demographic data,
medical history, dietary habit and practices, as well as your physical activity and
lifestyle. Also, if you authorized me to do so, | will obtain some recent laboratory
results of your medical record. If your medical record does not have required
biochemical parameters, we will schedule you for another visit to the laboratory in
the same clinic within one week. Prior to seeing your doctor and during the
routine preparation session, some extra measurements other than height (cm),
weight (kg) will be taken for you, with estimated time of 5-10 minutes in order to
be completed. These include: neck circumference (cm), waist circumference
(cm). Finally, after completing the doctor visit, you will be asked to visit the
radiology department within the same center and do a DEXA X-ray, with
estimated time of 15-20 minutes in order to be completed.

Your participation in this research is completely voluntary. You may choose
not to take part at all. If you decide to participate in this research, you may stop
participating at any time. If you decide not to participate in this study or if you
stop participating at any time, you will not be penalized or lose any benefits to
which you otherwise qualify.

ReemIBassam "
File number should not be on survey with serial number; when is serial # asdgrgdipantserial #
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Appendix 1B

Obesity Assessment Study D Screening tool (English)

If you have questions about your rights as a research participant or wish to report
a research-related injury, please contact:

University of Maryland College Park

Institutional Review Board Office

1204 Marie Mount Hall

College Park, Maryland, 20742

E-mail: irbo@umd.edu

Telephone: 301-405-0678

FinallyOtiis research has been reviewed according to the University of Maryland,
College Park IRB procedures for research involving human subjects. Your written
acceptance (signature) indicates that you are at least 18 years of age; you have
read this consent (have had it read to you); your questions have been answered
to your satisfaction and you voluntarily agree to participate in this research study.

If NO: O@! not a problem thank you for your time.O
If OK, complete below.

Oln order to participate, | need to ask you a few questions that will take just a
minute or so to answer. Do you have a couple of minutes that | can ask these
questions now?0

If NO, schedule a better time to screened.
If YES, complete information below.

ReemIBassam "
File number should not be on survey with serial number; when is serial # asdgrgdipantserial #
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Appendix 1B

Obesity Assessment Study D Screening tool (English)

Screening Questionnaire

Interviewer _ Date
/ /

Participant 1D Number

1) Are you between 18 to 70 years of age?

A. Yes

B. No.

2) Are you Saudi?

A. Yes

B. No.

3) Have you had Organ Failure, Transplant, or Cancer?

A. No
B. Yes
4) Have you been diagnosed with a thyroid nodule?

A. No
B. Yes

For females only
5) Are you pregnant or do you think you may be pregnant before the clinic
visit?
A. No
B. Yes

6) Are you nursing or lactating?
A. No
B. Yes

First and second questions must be YES; the followed (3 -6) must be NO.

If ANY question has the choice BO or the individual declines to complete one or

more questions: Check box for ineligible.

o Ineligible. OThank you for your interest in the study, but unfortunately you do not
qualify for this study.O

0 If NO FLAGS for exclusion: OYou seem to be a good candidate for this study. Let
me tell you more about it.O

OAs | mentioned, participants in the study will be measuredl-2 times here at the
same Primary heath center name: 1.

ReemIBassam "
File number should not be on survey with serial number; when is serial # asdgrgdipantserial #

114


114


Appendix 1B

Obesity Assessment Study Db Screening tool (English)

Ohe time we start our meeting, we will go over the written consent. We will ask
some question related to your socio-demographic data, medical history, dietary
habit and practices, as well as your physical activity and lifestyle. Also, if you
authorized me to do so, | will obtain some recent laboratory results of your
medical record. If your medical record does not have required biochemical
parameters, we will schedule you for another visit to the laboratory in the same
clinic within one week. Prior to seeing your doctor and during the routine
preparation session, some extra measurements other than height (cm), weight
(kg) will be taken for you, with estimated time of 5-10 minutes in order to be
completed. These include: neck circumference (cm), waist circumference (cm).
Finally, after completing the doctor visit, you will be asked to visit the radiology
department within the same center and do a DEXA X-ray, with estimated time of
15-20 minutes in order to be completed.O

OYou will receive a full report of your measurements at the completion of this
visit. OSupporting document # 5

o you have 15 minutes that we can start our interview session now?0

If Yes, Othank you for your time. We have arranged an empty room within this
center for the interview for more privacy, lets go there and start our session.O

If No, schedule a better time to meet.

LetOs schedule3@min block forthe measurements and tivgerview duringanothenVisit.
(Enter visit information in the box below.)

Mon Tue Wed Thu Fri

Inform the candidate

I Do you have any questions?
I Ilook forward to seeing you atthke interviewVisit appointment time and daie

Visit #1 Appointment (30min)

Day: Mon Tue Wed Thu Fri Sat
Date: / /

Time: to

ReemIBassam "
File number should not be on survey with serial number; when is serial # asdgrgdipantserial #
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Appendix 2B

Obesity Assessment Studyinformed Consent'English# Pagel /4

Project title:

Purpose of the
Study

Procedures

The development of a new anthropometric tool for assessing
overweight and obesity in Saudi adult population.

The purpose of this study is to examine whether neck
circumference (NC) can be used to identify overweight, obesity,
high lipid profile and their associated risk factors, as well as to
establish NC gender-specific cut-off point values for Saudi
population in the city of Riyadh. Your participation in this project
will aid us to find standardized assessment tools to determine
accurate prevalence, treatment protocols, and achieve control of
obesity among Saudi population.

Baseline:

After you have read and signed this consent and agreed to
participate, you will be interviewed in an empty room within the
same clinic to provide you comfort.

Questionnaires : During this visit you will also be asked to
complete a questionnaires that will ask you about yourself, your
medical history and immediate family medical history, your level
of physical activity, as well as a variety of dietary habit and
practices.

Physical Measures: prior to seeing your doctor and during the
routine preparation session, well- trained clinic in charge nurse,
of the same sex as you, will take some extra measurements
other than height (cm), weight (kg), with estimated time of 5-10
minutes in order to be completed. These include: neck
circumference (cm), waist circumference (cm), and body fat (%).
You should be wearing light clothes, bare head and feet.

We will use DEXA to measure your whole body fat and your lean
body mass (muscle). After completing the doctor visit, you will be
asked to visit the radiology department within the same center. A
well-trained technician will explain the procedure to you, and
then you will lie flat on the DEXA table. X-rays from the machine
will be introduced into your body. We will ask you to lie still for
about 5-10 minutes while the DEXA machine scans over your
body. This procedure is not painful, but there could be some
minor discomfort from lying in the same position. This discomfort
will be minimized by keeping the time involved in making the
measurements as short as possible, and by allowing you a break
if necessary. During the DEXA scanning, you will be exposed to
a tiny amount of radioactivity. The amount of radioactivity is
equivalent to the amount you are exposed to when you are
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Appendix 2B

Obesity Assessment Studyinformed Consent'English# Page2 /4

Potential
Risks and
Discomforts

outside for five hours. The level of exposure is associated with a
minimally increased risk.

The physician will inform you about the study measures, e.g.,
weight, height, BMI along with a chart of weight categories, blood
pressure, waist circumference along with risk cut-offs, body fat
percentage along with a chart of typical ranges

Blood test results: | will obtain some recent laboratory results
(within 1week) of your medical record; plasma glucose, insulin,
HDL cholesterol, triglycerides, and blood pressure. If your
medical record does not have required biochemical parameters,
we will schedule you for another visit to the laboratory in the
same clinic within one week.

Second visit if needed: within one week to Baseline:

You have to attend fasting for 10-12hrs. A well-trained technician
will explain the procedure to you, and then you will be seated
and blood will be drawn from a vein in your arm using a needle.
Total blood volume required is 6mL (approximately half
tablespoon). If you have poor quality vein you will be excluded to
avoid any unnecessary pain.

There are minimal risks involved with assessment of body
composition. you may feel uncomfortable having your body
measured and you can elect not to participate in this portion of
the assessment if you experience discomfort. The
anthropometric measurements will be taken prior to visiting the
doctor and during the routine preparation session by clinic in
charge nurse, of the same sex as each participant, to minimize
risk of discomfort or embarrassment.

The DEXA level of exposure is associated with a minimally
increased risk. The total radiation dose is extremely low, 0.01 to
0.04 mrem per scan, which is within the range of background
radiation and considerably less than conventional X-rays. A
chest X-ray, for example, delivers a radiation dose of 40 mrem.
This procedure is not painful, but there could be some minor
discomfort from lying in the same position. This discomfort will be
minimized by keeping the time involved in making the
measurements as short as possible, and by allowing you a break
if necessary.

The risks associated with blood drawing include fainting,
dizziness or becoming light-headed. However, If you loose
consciousness or feel dizzy during the procedure, it will be
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Appendix 2B

Obesity Assessment Studyinformed Consent'English# Page3 /4

Potential
benefits

Confidentiality

Right to
Withdraw and
Questions

discontinued. And you will be asked to place your head between
your knees. You will then be asked to lie down (in a supine
position). Besides, if you with poor quality vein you will be
excluded to avoid any unnecessary pain. You may also
experience slight pain during the drawing of blood samples, and
in some cases the possibility of bruising after the sample has
been taken, but this generally disappears in about one to two
days. In rare cases, the site of the blood draw can be infected,
causing arm pain and redness; however, in such case you will be
advised to come to the clinic for immediate antibiotic treatment.

Although there are no direct benefits; this research will contribute
to the establishment of an accurate prevalence of obesity and
cardio-metabolic risk factors and better treatment protocols.
Moreover, it will be a part of future novel research in the
development of standardized assessment tools for Saudi Arabia.

Any potential loss of confidentiality will be minimized by storing
data in a locked cabinet in a locked office and in a password-
protected computer.

If we write a report or article about this research project, your
identity will be protected to the maximum extent possible. Your
information may be shared with representatives of the University
of Maryland, College Park or governmental authorities if you or
someone else is in danger or if we are required to do so by law.

Your participation in this research is completely voluntary. You
may choose not to take part at all. If you decide not to participate
in this study or if you stop participating at any time, you will not
be penalized or lose any benefits to which you otherwise qualify.

If you decide to stop taking part in the study, if you have
guestions, concerns, or complaints, or if you need to report an
injury related to the research, please contact the investigator,
David Lei, PhD at: 0121 Skinner Bldg. University of Maryland,
College Park, MD 20742, 301-405-2143 dlei@mail.umd.edu, or
Co-Investigator Reem Albassam. 9524 Lagersfield Cir Vienna,
VA 22181, 571-239-9940, reem.albassam@gmail.com
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Appendix 2B

Obesity Assessment Studyinformed Consent'English# Paged /4

Participant
Rights

Statement of

Consent

Signature and
Date

If you have questions about your rights as a research participal
wish to report a researehelated injury, please contact:

University of Maryland College Park

Institutional Review Board Office

1204 Marie Mount!

College Park, Maryland, 20742

E-mail: irbo@umd.edu

Telephone: 3014050678

This research has been reviewed according to the University of
Maryland, College Park IRB procedures for research involving hun
subjects.

Your signaturendicates that you are at least 18 years of age; you |
read this consent form drave had it read to you; your questions hs
been answered to your satisfaction and you voluntarily agre
participate in this research study. You will receive a cophisfsigned
consent form.

If you agree to participate, please sign your name below.
PARTICIPANT NAME

PARTICIPANT SIGNATURE

DATE
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Overweight and obesity assessment tools Survey
Principal Investigator: David K. Y. LeiShdent Investigator: Reem AlBassam Ms

Appendix 3B

Date of the interview | | | 1] | | /]

1 4
Date of the interview | | | 1] | |/ 2 ]o]

Center:

Serial number:

Lab code

(1) Yes (2) No (3) 1 donOt know

B/ Socio-demographic Data:
2- Age:
3- Gender: (1) Male (2) Female

(1) Niterate (2) read and write (3) Elementary
(4) Intermediate (5) Secondary (6) Graduate (7) Post- graduate[code=8]
B- Marital Status:. . . . . . . o e e e e e e e e e e
(1) Unmarried (2) Married (3) separated
(4) Divorced (5) Widowed
6- Number of children: . . . . . . . . .. e
(1) None (2) One 3)2-3
(4)4-6 (5) More than 6
7 Lo o o - 1 o
(1) Unemployed (Housewife) (2) Student (3) Teacher
(4) Office work (5) Business (6) Medical Doctor (7) Nurse
(8) Retired (9) Millenarian (10) Other (specify)
8- Average Monthly Family InCome:. . . . . . . . e
(1) Lessthan 1,999 (2) 2,000 SR - 4,999 SR (3) 5,000 SR - 7.999 SR
(4) 8.000 SR -10.999 SR (5) 11,000 SR - 13.999 SR (6) 14.000 SR -16.999 SR
(7) 17,000 SR - 19.999 SR ( 8) More than 20.000 SR ( 9) Un known
9- Your smoking status (cigar, pipe, shisha [water pipe or flavored tobacco]) is: . ... ... ... ..
(1) Never smoke (2) Current some day smoker
(3) Former smoker (4) Current every day smoke r

& Family Medical History / Health History Data:

(1) None (2) Mother only (3) Father only]

(4) Mother and Father (5) Sister or Brother (6) Other (specify)
11-Any family history of the following . . . . . . . . .. o e

(1) None (2) Diabetes (3) Heart diseases

(4) Stroke (5) High cholesterol (6) High blood pressure/ Hypertension

(7) Cancer (8) Osteoporosis (9)Other

(specify)
Reem albassiam $ "4
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Overweight and obesity assessment tools Survey
Principal Investigator: David K. Y. LeiShdent Investigator: Reem AlBassam Ms

Appendix 3B
= SubjectOMedical History Data:
12-Have you ever been diagnosed with any of the following?. . . . .. ....... ... .........
(1) None (2) Obesity (3) High blood pressure (Hypertension)
(4) Pre-diabetes (elevated blood sugar) (5) Diabetes (6) Asthma
(7) Anemia (8) Heart diseases (9) Other (specify)
13-Are you taking specific treatment for hypertriglyceridemia? . . . . . . ... . ... .
(1) Yes (2) No (3) DonOt know
14-Are you taking treatment for previously diagnosed hypercholesterolemia?. . . ... .........
(1) Yes (2) No (3) DonOt know
15-Are you taking treatment for previ ously diagnosed hypertension?. . . .. . .. .............
(1) Yes (2) No (3) Dondt know
16-Are you taking treatment for previously diagnosed diabetes?. . . .. .. .. . ... ... ... ... ..
(1) Yes (2) No (3) Dondt know
If yes:
(2/A) Name: (2/B) Frequency (how often take):
(2/C) Dose (how much take): __(2/D) Duration (how long been taking):
17-Are you taking any vitamins or dietary supplements? . . .. . . . o
(1) Yes (2) No (3) Dondt know
18-Are you following any special diet for medical purposes?.. . . . .. . . . . . ... oo
(1) Yes (2) No (3) DonOt know

19-Any orthopedic/muscular/joint/medical conditions (eg. chest pain, dizziness, shortness of breath

(1) No (2) Yes: (specify)

For females only

(1) Last month (regular mensuration)
(2) Within the past 12 months (irregular mensuration)
(3) Stopped for at least 12 consecutive months
22-Have you ever used female hormones such asestrogen and progesterone? Please include any
forms, such as pills, cream, patch, and injections.. . .. . ... .. ... .. ... . . . ...

(1) No (2) Yes (3) Dondt know
If yes:
(2/A) Purpose (why take): (2/B) Duration (how long been
following):
Reem albassiam $ "4
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Overweight and obesity assessment tools Survey
Principal Investigator: David K. Y. LeiShdent Investigator: Reem AlBassam Ms

Appendix 3B
& Nutrition knowledge:
23-What is the source of your nutritional information? . .. . ... ...... ... .. ... ... .....
(1) Friends (2) Family (3) Newspaper &Magazine (4) Radio & TV
(5) Internet & social media (6) Booklets
(7) Dietitian ( 8) Other (specify)
= Dietary habit and practices:
24-How many regular main meals doyou eatdaily? . .. . . . .. .. oo
(1) One (2) Two (3) Three
(4) Irregular
IF not three, which meal do you SKip? . .. . . . oo o i e e e e e
(1) Breakfast (2) Lunch (3) Dinner

(1) High protein content food (meat, chicken, fish, egg, legumes, and cheese).
(2) High carbohydrate content food (bread, pasta, rice, potato).

(3) High fat content food (sausage, fried potato, cakes, cream, butter).

(4) Different food every day.

26-Do you concernto eat fruitdaily? . . . . . . oo i e e
(1) DonOt eat (2) Not every day (3) Every day
Daily fruit cCONSUMPLION: .. . . o oo e e e e e e
| eat ( ) pieces

27-Do you concern to eat two serving of vegetables daily (Do you ensure that your meals contain

(1) Never (2) Sometimes (3) Always
28-How many snack doyou eat /day? . . . . . o o o oe v i i i e e e e
(1) 5 times or more (2) 4 times (3) 3times (4) Twice (5) once
(6) never
29-Your snacks are based mainly ONn:. .. . . .t i i h e e e e e e e e e
(1) Chocolate (2) Cake (3) Chips (4) Nuts
(5) Regular soft drink (6) Canned juices
(7) Other (specify)
30-What sweeteners do you USe USUAIlY? . .. . v o vt v v v v e i e e e e e e e e
(1) Don't use (2) Regular sugar (3) Honey (4) Fruit sugar (5) Atrtificial
sweeteners
(6) Other (specify)
31-The way that you usually cook with: . .. . . .. o o oo e e
(1) Grilled, boiled  (2) Cooks in the oven with out fat (3) Cooks in a pan with little fat
(4) Cooks in a pan with fat (5) Frying (6) DonOt know
32-Cooking fat that you use usually? . .. . oo o cn ot e e e e e e
(1) DonOt use (2) Corn oail, sunflower (3) Palm ail (4) Margarine
(5) Butter (6) DonOt know (7) Olive oil
Reem albassiam $ "4
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Overweight and obesity assessment tools Survey
Principal Investigator: David K. Y. LeiShdent Investigator: Reem AlBassam Ms

Appendix 3B

33-From dairy products, what do you consume usually?.. . . . .. . . . oo oo i oo .
(1) bonOtuse  (2) Regular (3) Low fat (4) Skimmed

34-Doyou eat fast foodS? . . .. . . . ot o i e e e e e e e e e e e e
(1) Yes (2) Sometimes (3) NO

35-If yes, how many times during the last 2 weeks: . . ... .. . .. .o
( ) times

36-What is your meal size usually? (Aladdin, Burger king, Shawarmer, Mc DonaldOs). . . . ... ...
(1) Small (2) Medium (3) Large (4) Super size
(5) Other (specify)

= Physical activity and life style:

Physical Activities areany activities that increase your heart rate above its resting rate, whether you
do them for work , transportation, or pleasure. The following questions ask about the amount and
intensity of physical activity you usually do. The intensity of the activity is related to the amount of
energy you use to do these activities.

37-Do you usually practice a physical activity? . . .. . . . o o o i e e
(1) Never (2) Some times (3) In so me seasons
(4) Always during the entire year
37-A- What type of physical activity you do practice?.. . . . .. . . . o oot ii i
(1) Walking (2) Running (3) Swimming
(3) Aerobics (5) Other (specify)
37-B- How many times do you exercise/Week?.. . .. . . . . o i i i i i e e e e
(L)lorless (2) (3) (4) (5) (6) (Daily)
37-C- For how long do you exercise eachtime? . .. . . . . .. ... .. it it ittt
1) ( )minute Or (2) Till sweating or heart beat raises
38-Your lifestyles IS: . . . v e e e e I:
(1) Very Sedentary (typing, reading, and watching TV) (2) Sedentary (cleaning, shopping)
(3) Moderate active (hard job) (4) Very active ( swimming, cycling)
Reem albassiam $ "4
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Overweight and obesity assessment tools Survey
Principal Investigator: David K. Y. LeiShdent Investigator: Reem AlBassam Ms

Appendix 3B

= Anthropometrical data:

HEIGHT (Ht) =  --ereeee cm ]

Neck circumference = --------- Cm [ ]
Waist circumference = = --------- Cm [ ]
Sodylatth = T —

=l Laboratory Results:

SystolicBP  -----me-e-- I:’ Cholesterol ~ ----m-mee- |:
DiastolicBP ~ ----------- I:’ Triglycerides (TG) =~ ----------- |:
Fasting glucose  ----------- I:’ High-density lipoprotein (HDL) =~ ---------- |:
Fasting Insulin =~ -------—--- I:’ Low-density lipoprotein (LDL) ~ ----------- |:

Reem albassam # 1"#l
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Appendix 3C

Coding Sample

Do you concernto eat fruit daily? . . . . . . . e e I:l:

(1) DonOt eat [code=1] (2) Not every day [code=2] (3) Every day [code=3]

Do you concern to eat two serving of vegetables daily (Do you ensure that your meals contain vegetables
daily)?
(1) Never[code=1] (2) Sometimes[code=2] (3) Always[code=3]

(0) Don't use [code=3] (1) Regular sugar [code= 1] (2) Honey [code=2]
(3) Fruit sugar [code=2] (4) Artificial sweeteners [code=3] (5) Other [code= decide
later], in our sample, no one responded OOtherO

The way that you usually cook with: ........... ... ... ... ... ... .. .. |:|:

(1) Grilled, boiled [code=3] (2) Cooks in the oven with out fats [code=3]
(3) Cooks in a pan with little fat [code=2] (4) Cooks in a pan with fat [code=1]

(5) Frying [code= 1]

(6) DonOt know[ code= decide later] in our sample, no one responded OdonOt knowO
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Appendix 5
Measures of additive interaction

Since we are interested in the joint exposure effects of 2 factors (large neck and
large waist; large neck and high BMI) afisease risk | calculated the additive
interaction.For the calculations of the measures of additive interaction between two
dichotomousrisk factors we have four possible combinations and, thus, four exposure
categories.As suggested by Rothman et al, akritlersson et al193 194), | computed
new composite variabk indicating avariable ofjoint exposure to both risk factor$i),

a variableof exposure to one of the risk factors only r 01), and the joint reference
variableof no exposureQQ).

Syntax

IF (Neck cutoff 2 andOther measure?) ind11 =1 .
EXECUTE.

IF ((Neck cutoff= 2 andOther measure 1) or

(Neck cutoff= 1 andOther measure 2) or

(Neck cutoff= 1 andOther measure 1)) ind11 = 0.
EXECUTE.

IF (Neck cutoff= 2 andOther measure 1) ind10 = 1.
EXECUTE.

IF ((Neckcutoff = 2 andOther measure 2) or

(Neck cutoff= 1 andOther measure 2) or

(Neck cutoff= 1 andOther measure 1)) ind10 = 0.
EXECUTE.

IF (Neck cutoff= 1 andOther measure 2) ind01 = 1.
EXECUTE.

IF ((Neck cutoff= 2 andOther measure 2) or

(Neck cutoff= 2 andOther measure 1) or

(Neck cutoff= 1 andOther measure 1))ind01 = 0.
EXECUTE.

Logistic regression analysis is then used to estimate the ORSs thes® new

indicator variables As for logistic regressignin crosssectionalstudy, we make the
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Appendix 5
common assumption thahe odds ratio can be used instexddthe relative risk. The

model includes terms for three of the four possible combinations of exposure while the
fourth category useds reference categor¥3).

Three differentmeasures exist to quantify the amount of interaction on an additive scale

(293:

1) The Relative excess risklue to interaction (RERI), which can be interpreted as the
risk that is additional to the risk that is expected on the basis of the additioa of th
ORs under exposure, calculated as the difference between the expected risk and the

observedisk: RERI=OR11 BOR10BP0R01 +1

2) The Attributable proportion due to interaction (AP), which is interpreted as the

proportion of disease or mortality that is due toratéon among persons with both

exposures: AP = RERDR11

3) The Synergy index(S), which can be interpreted as the excess risk from exposure to
both exposures when there is interaction relative to the risk from exposure without

interaction: S =PR11D1}/[(OR10P1) + (OR01D1)]
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Appendix 5
The steps of the Cl 95% calculation:

If we let 17,1 11T,1 and! IT/! denote the estimated coefficients for OR10, OR01, and
OR11] respectively.

To find the variance df!T'!, | usa the standard delta method based on a Taylor Series
expansion of h abo(ft)! whereby the variance estimate is of the general form:
rE O vy Tt T T Pz I'H'$ T+ 2h2h3023

To find U in SPSS, I used the covariance matrix syntax:
REGRESSION

/DESCRIPTIVES MEAN STDDEV CORR SIG BOV
IMISSING LISTWISE

ICRITERIA=PIN(.05) POUT(.10)

/INOORIGIN

/DEPENDENTMetabolic Syndrome

/IMETHOD=ENTERAGE ind11 ind10 ind01

As per Hosmer and Lemeshdii# ) | used the followinglenotations

I In calculation Cl 95% for RERI
h1=-10 coefficient

h2=-01 coefficient
h3= 11 coefficient

I In calculation Cl 95% for AP
h1= 10coefficient O 11lcoefficient
h2= 01coefficientO 11coefficient
h3= (10coefficient + 01coefficient 1) Ollcoefficient

I In calculation CI 95% for S
h1=-10coefficient O (10coefficient + 01coefficidrR)
h2=-01coefficient O (10coefficient + 01coefficidrl)
h3=-11coefficient O {1coefficient! 1)

In the absence of an interaction effect, RERI and AP equal 0 and S eq8& 194,

195, 1).
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