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Abstract

Title: The Biopsychosocial Model of Metabolic Syndrome among U.S. Adults

Candidate: Jennifer Saylor, PhDc, RN, ACNS-BC

Dissertation directed by Dr. Erika Friedmann

Background: The Metabolic Syndrome (MetS) is a cluster of medical disorders (obesity,
hypertension, dyslipidemia, and insulin/resistance/glucose intolerance) that
characteristically occur together in individuals. The prevalence of MetS continues to
increase in the U.S. and increases the risk of type 2 diabetes, cardiovascular disease
(CVD), and mortality. Little research uses a theoretical model to identify direct or
indirect contributions to MetS and predictors to MetS. Identifying the factors that
influence MetS in a national sample is necessary to understand targets for intervention to
prevent the MetS and its sequelae.

Purpose: This study tested a hypothesized conceptual model of the biopsychosocial
factors associated with MetS in adults using a representative sample.

Methods: A secondary data analysis was conducted using the National Health and
Nutrition Examination Survey (NHANES) 2007-2008 data from non-pregnant
participants who were 20-80 years old and completed the questionnaire and medical
examination with fasting laboratory data. The sample of 2,583 adults represented 212
million non-institutionalized civilian Americans living in the U.S. Path analysis was
conducted to test the biopsychosocial model of MetS. Complex samples logistic
regression models (CSLR) were utilized to examine the direct and indirect contributions
of biomedical (age), biosocial (gender, race, education, income, and marital status), and
psychosocial factors (depressive symptoms, diet, physical activity, smoking status, and
sleep) to MetS.

Results: Of the study population, 29% met the criteria for MetS and 95% had at least one
component of MetS. The hypothesized model fit the nationally representative data. The
parsimonious model with age, gender, race, education, income, depressive symptoms,
physical activity, smoking, and the interaction between age and physical activity
explained 25.2% of the variance in the presence of MetS. Mediating effects among the
biosocial and psychosocial factors help explain their relationship with MetS.

Conclusion: The study supported the hypothesized model and the contributions of
biopsychosocial factors to MetS. The study indicated that certain demographic groups
were vulnerable to MetS. More studies are needed to examine factors associated with
MetS than were from the hypothesized model. Prospective studies are needed to improve
psychosocial status and to prevent/reverse MetS.
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CHAPTER 1: INTRODUCTION

In chapter One, the background, purpose, and significance of the study are

explained.  The conceptual framework guiding the proposed study is discussed and

illustrated.  The research aims and hypotheses are stated and the assumptions of the study

are identified.

1.1 Background of the study

Metabolic Syndrome (MetS) is a cluster of medical disorders (obesity,

hypertension, dyslipidemia, and insulin/resistance/glucose intolerance) that

characteristically occur (Lorenzo, Williams, Hunt, & Haffner, 2007) together in

individuals, and are risk factors for the development of cardiovascular disease (CVD).

Individuals with MetS syndrome are twice as likely to develop CVD (Cannon, 2008;

Church et al., 2009; Lorenzo et al., 2007; McNeill et al., 2004; Mottillo et al., 2010).

According to the American Heart Association (2010a), in 2006, it was estimated that 81.1

million people in the U.S. have one or more forms of cardiovascular disease (CVD),

which includes hypertension, coronary heart disease (myocardial infarction and angina

pectoris), stroke and heart failure. A meta-analysis showed that when the studies pooled

the various MetS definitions, MetS was associated with an increase risk of CVD (RR =

2.35, 95% CI 2.02-2.73) (Mottillo et al., 2010). Researchers found that MetS is associated

with CVD mortality (Cannon, 2008; Church et al., 2009; Gami et al., 2007; Mottillo et

al., 2010) and all-cause mortality (Mottillo et al., 2010). MetS increases the risk for type

2 diabetes (Ballantyne et al., 2008; Lorenzo et al., 2007; Regitz-Zagrosek, Lehmkuhl, &

Mahmoodzadeh, 2007; Santos, Ebrahim, & Barros, 2007; Wannamethee, Shaper,

Lennon, & Morris, 2005) and CVD (Ballantyne et al., 2008; Cannon, 2008; Church et al.,
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2009). The combination of MetS and diabetes accentuates CVD risk (Cannon, 2008;

Church et al., 2009). According the National Heart, Lung, and Blood Institute (NHLBI),

the cost of cardiovascular diseases and stroke in the U.S. in 2009 is estimated to be

$475.3 billion (American Heart Association, 2010b).

In 2000, it was estimated that approximately 47 million Americans had MetS (E.

S. Ford, Giles, & Dietz, 2002). In less than 10 years, the number of Americans with MetS

rose drastically to 76 million Americans (Lloyd-Jones et al., 2009). Centers for Disease

Control and Prevention (CDC) showed that the age-specific prevalence was 20.3 percent

among men aged 20 to 39, doubled to 40.8 percent for men aged 40 to 59 and continued

to increase to 51.5 percent for men over 60 years old (Ervin, 2009). Similar increased

prevalence was found among women with 15.6 percent for women aged 20 to 39, 37.2

percent for women aged 40 to 59, and 54.4 percent for those older than 60 (Ervin, 2009).

The prevalence of MetS is increasing due to an aging population and people being less

physically active, which is partly driven by the increasing obesity rate. According to

CDC 2007-2008 data, the prevalence of obesity as defined as body mass index > 30 was

32.2% among adult men and 35.5% among adult women (Flegal, Carroll, Ogden, &

Curtin, 2010).

The current definition of MetS evolved from Reaven’s initial description of

Syndrome X as a cluster of conditions: hypertension, glucose intolerance, elevated

triglycerides and low HDL cholesterol levels. Since the conception of the term MetS in

1988, the definition has evolved to include obesity. In 1998-1999, the World Health

Organization (WHO) defined the “syndrome” and renamed it MetS (1999 world health

organization-international society of hypertension guidelines for the management of
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hypertension. guidelines subcommittee, 1999). After further epidemiologic studies, the

National Cholesterol Education Program’s Adult Treatment Panel III (NCEP-ATP III)

proposed diagnostic criteria for MetS in 2001 establishing defining criteria for the five

risk factors: obesity, insulin resistance, high-density lipoprotein (HDL) cholesterol,

triglycerides, and hypertension (Third report of the national cholesterol education

program [NECP] expert panel on detection, evaluation, and treatment of high blood

cholesterol in adults [adult treatment panel III]. final report, 2002). Each factor is equally

weighed; and, for diagnosis, an individual must meet three of the five factors.

Historically, as with other disease processes, researchers studying MetS used

biomedical factors including disease symptoms and characteristics. The research results

were used to treat the disorder with medications instead of a comprehensive holistic

regimen including exercise, weight loss, and addressing psychological issues. The

biosocial factors (gender, race, education level, and socioeconomic status) are evaluated

and classified as demographic data with little regard to their interactions among those

with MetS. Other studies included behavioral factors in their research of MetS and found

a positive association of MetS with physical activity, (Cho, Shin, Kim, Jee, & Sung, 2009;

Ervin, 2009; Wannamethee et al., 2005; Wilsgaard & Jacobsen, 2007; Yao, Kong, Yang,

& Zhai, 2006) diet, (Wannamethee et al., 2005) and smoking (Chen et al., 2008).

Recently, a more holistic approach incorporating psychological factors associated

with diseases/syndromes including depression and stress is found in the literature. The

literature indicates a positive relationship between a diagnosis of clinical depression and

MetS (Freeman, Sammel, Lin, & Nelson, 2006; E. M. Goldbacher & Matthews, 2007;

Raikkonen, Matthews, & Kuller, 2007; Skilton, Moulin, Terra, & Bonnet, 2007).  The
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literature suggests a direct relationship between clinical depression and the individual

components of MetS including diabetes (Adriaanse et al., 2006; Timonen et al., 2006),

obesity (Akbaraly et al., 2009), elevated glucose (Adriaanse et al., 2006; Timonen et al.,

2006) and elevated triglycerides (McCaffery, Niaura, Todaro, Swan, & Carmelli, 2003).

Conversely, other researchers (Herva et al., 2006; Kinder, Carnethon, Palaniappan, King,

& Fortmann, 2004) found no association between depression and MetS. The difference in

the research findings between depression and MetS may exist due to the various

measurements of depression, sample population, and study design.

Roughly 6.7% of the population of the United States is diagnosed with major

depressive disorder. This totals more than 14 million Americans in any given year

(National Institute of Mental Health, 2009). The rate of depressive symptoms, which

have not been examined on a national level, is more likely to be higher than clinical

depression, since many of those with depressive symptoms may not be diagnosed with

clinical depression. A national primary care survey in Italy was conducted using the

Hospital Anxiety and Depression Scale (HADS) to measure the severity of depressive

symptoms. The research revealed the prevalence of depression to be 18.7%, but primary

care physicians (PCPs) only identified depression in 10.7% in a sample of 2,093 patients

at two primary care sites (Balestrieri et al., 2004).

To date, no study has examined the direct and indirect effects between biological

and psychological factors using depressive symptoms as the measure of the psychological

construct. No study has compared the strength of associations between the biological and

psychological factors as outlined in the proposed conceptual model. No publications from

the National Health and Nutrition Examination Survey (NHANES) have used the
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presence of depressive symptoms as measured by Patient Health Questionnaire (PHQ-9)

to describe or explain the direct relationship between psychological factors and MetS.

Distinguishing the factors that affect MetS in a national sample beyond the biomedical

model is necessary to understand the factors that may affect MetS among American

adults.

1.2 Conceptual Framework

The study tested a proposed conceptual model of biopsychosocial factors

associated with MetS using NHANES data (2007-2008). The Concentric Biopsychosocial

Model of Health Status (Hoffman & Driscoll, 2000) served as the conceptual model for

the research study.

Engel’s biopsychosocial model (Engel, 1977; Engel, 1980) of health status was

among the first to integrate psychological and social factors with biological factors to

predict health. Engel’s model focused on health outcomes based on the interplay between

biological, psychological, and social factors. Engel’s model, viewed as hierarchical,

minimizes the interactions between biological, psychological, and social factors

(Hoffman & Driscoll, 2000).

Hoffman and Driscoll (2000) proposed a modified model of Engel’s classical

biopsychosocial model to include health across the spectrum including positive and

negative health outcomes by using the construct health status in lieu of disease. While

using Engels’s original factors, Hoffman and Driscoll’s biopsychosocial model of health

status is believed to reflect the ongoing, developmental biopsychosocial process that can

result in positive and negative health outcomes. Furthermore, Hoffman and Driscoll’s

proposed model of health status is designed using concentric circles, which is believed to
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represents the interactions between biological, psychological, and social factors

(Hoffman & Driscoll, 2000).

Figure 1.1 demonstrates the main constructs of the concentric biopsychosocial

model of health status. The center of the model represents health status, which is defined

as a dynamic process that requires continuous adaptation to biological, psychological,

and social challenges that transpire throughout life (Hoffman & Driscoll, 2000). The next

concentric circle represents psychological and social variables. This construct is closest to

health status because the psychosocial variables often operate as the indirect, mediating,

or moderating role between biomedical and biosocial variables and health status. The

psychosocial factors can be either an important consequence of health status or a

contributing cause. The psychosocial factors can affect disease directly or indirectly

through a mediating or moderating process (Hoffman & Driscoll, 2000). The next outer

concentric circle represents the biosocial variables that have biological aspects, but are

also partly defined by social constructions. The biosocial variables are demographic in

nature, yet yield complex psychosocial interactions about the health of various groups of

people. The outermost concentric circle represents the biomedical variables, which were

usually viewed as direct and primary causes or predictors of health status.  The

biomedical variables are more difficult to modify through psychological intervention, but

have the potential to influence and reduce incidence through interventions of prevention

(Hoffman & Driscoll, 2000).

By applying the proposed concentric biopsychosocial model of health status to

MetS in this study, a conceptual framework with four major constructs was derived. The

constructs included biomedical [age], biosocial [gender, race/ethnicity, education, and
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marital status], and psychosocial factors [depressive symptoms, physical activity, diet

intake, smoking, and sleep] and the health status factor of MetS.

The proposed associations between the four constructs are presented in Figure 1.2.

The variables in the three constructs (biomedical, biosocial, and psychosocial) of the

biopsychosocial model contribute to MetS. Psychosocial factors mediate or moderate the

associations between biomedical and biosocial factors and MetS. Conversely, MetS can

contribute to the psychosocial factors indicating a bidirectional relationship between

psychosocial factors and MetS.
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Figure 1.1 Concentric Biopsychosocial Model of Health Status (Hoffman & Driscoll,
2000)

Biomedical Contributors

Biosocial Contributor
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Figure 1.2 Conceptual framework of the Biopsychosocial Model of Metabolic Syndrome
among U.S. adults.
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1.3 Purpose of the Study

The principal purpose of this study is to test the proposed conceptual model, “The

Biopsychosocial Model of MetS in U.S. Adults” using a population based sample from

the NHANES (2007-2008).  Based on prior research findings of the relationships

between biopsychosocial factors and MetS, the path model hypothesized relationships

among selected variables. The hypothesized path model and hypothesized relationships

among selected variables are described in Figure 1.3.

The secondary purpose of this study is to explore the interrelationships among the

biomedical factor [age]; biosocial factors [gender, race, education, income and marital

status]; psychosocial factors [depressive symptoms, physical activity, diet intake,

smoking, and sleep] and MetS as the outcome variable.
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Figure1.3 The hypothesized path model of biopsychosocial factors associated with
metabolic syndrome.
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1.4 Significance of the Study

The research of MetS is based on the biomedical [genetics, disease symptoms and

characteristics, and biological process] and biosocial contributors [gender, race,

education, income, and marital status].  There is a lack of research involving the use of

theoretical or conceptual models to explain the interrelationships between

biopsychosocial variables and MetS. Most previous studies explore the direct

relationships between behavioral factors or physiological factors and MetS (Chen et al.,

2008; Cho et al., 2009; Wannamethee et al., 2005; Wilsgaard & Jacobsen, 2007; Yao et

al., 2006).  Few studies explore the direct relationship between psychological factors and

MetS (E. M. Goldbacher & Matthews, 2007; Raikkonen et al., 2007).  The physiological

and behavioral factors might moderate or mediate their relationships with MetS

(Akbaraly et al., 2009; Dallongeville et al., 2005; E. M. Goldbacher & Matthews, 2007;

Hoffman & Driscoll, 2000; Marquezine, Oliveira, Pereira, Krieger, & Mill, 2008;

Wannamethee et al., 2005). This study examined the demographic, behavioral, and

psychological factors concurrently in the biopsychosocial model (Hoffman & Driscoll,

2000). Understanding MetS and the interrelationships described in the biopsychosocial

model will help develop interventions to slow the trajectory of type 2 diabetes and

cardiovascular disease.

Prior studies have described MetS, but few have investigated the relationships

between contributing factors of MetS simultaneously in a population based sample. Few

studies utilized a conceptual model to conduct the study. Goldbacher and Matthews

(2007) proposed a conceptual model to explain MetS. The model is based on the direct

relationship between psychological factors (depression, anger, anxiety) and MetS. Their
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model negates the hypothesis that depressive symptoms and MetS are bi-directional. The

finding of this study used the biopsychosocial model to identify factors affecting MetS

from a comprehensive health perspective, which may prompt future intervention studies

to decrease the prevalence of MetS, whereby, decreasing the prevalence of type two

diabetes and CVD.  This study tested the conceptual model of biopsychosocial factors

associated with MetS using a population based study.

Significance to Nursing

Pratt and Brody (2009) found that only 39% of those with severe depression

sought the help of a medical professional. Depressive symptoms may be overlooked by

the individuals themselves as well as by healthcare providers who may not routinely

screen for mental health conditions or depressive symptoms in a routine office visit.

Individuals may initially present to their health care provider with depressive symptoms

including appetite changes, weight changes, and altered sleep.

Individuals with MetS may present to their health care provider with symptoms

such as appetite changes and sleep alterations. Unfortunately, these symptoms are present

in patients with MetS and depressive symptoms making it difficult to determine the

origin of the symptoms, MetS and/or depressive symptoms. The symptoms are usually

believed to be the sequel of having MetS, but also are the same for depressive symptoms.

The recognition of depressive symptoms may prompt advanced practice nurses and other

primary care providers to screen for depressive symptoms and not dismiss the symptoms

of appetite changes, weight changes, and altered sleep as a result of having MetS. By

screening for depressive symptoms, health care professionals can possibly prevent

clinical depression through early intervention.
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A community-based longitudinal study of individuals (n = 2902) without diabetes

or CVD were followed for up to 11 years to assess to risk of diabetes and CVD.  Meigs et

al. (2007) found that those with MetS had a much greater risk of diabetes and CVD

compared to those without MetS regardless of body mass index (BMI).  Over a mean of

7-year follow-up, 141 (4.9%) subjects developed diabetes and 252 (8.7%) subjects

experienced a CVD event after a mean 11-year follow-up among those with MetS (Meigs

et al., 2007). This study provides healthcare professionals a deeper understanding of the

interrelationships among the biopsychosocial factors of MetS.  Using this holistic

approach and managing the biological aspects, as well as, the psychological aspects of

MetS can impede the trajectory of MetS to type 2 diabetes and CVD.

1.5 Research Aims and Hypothesis

To test the proposed conceptual model, “The Biopsychosocial Model of MetS in

U.S. Adults”, and to examine interrelationships among the proposed study variables,

three aims of the study and six hypotheses were developed and described below.

Aim 1: To examine the hypothesized relationships among the biomedical factor,

biosocial factors, psychosocial factors, and MetS in adults by testing the hypothesized

path model.

Hypothesis 1.1: Biomedical factor (age), biosocial factors (gender, race,

education, income, and marital status), and psychosocial factors (depressive symptoms,

physical activity, diet intake, smoking, and sleep) directly influence the presence of

MetS.
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Hypothesis 1.2: Biomedical factor (age) and biosocial factors (gender, race,

education, income, and marital status) directly influence psychosocial factors and

indirectly influence the presence of MetS through psychosocial factors.

Hypothesis 1.3: Depressive symptoms directly influence physical activity, diet

intake, smoking, and sleep and indirectly influence MetS through physical activity and/or

diet intake and/or smoking, and/or sleep.

Aim 2: To explore the mediating and moderating effects of the biomedical, biosocial, and

psychosocial factors to identify a parsimonious model to predict MetS.

Hypothesis 2.1: Biomedical factor (age), biosocial factors (gender, race,

education, income, and marital status), and psychosocial factors (physical activity, diet

intake, smoking, and sleep) moderate associations among themselves and MetS.

Hypothesis 2.2: Biomedical factor (age), biosocial factors (gender, race,

education, income, and marital status), and psychosocial factors (physical activity, diet

intake, smoking, and sleep) mediate associations among themselves and MetS.

Aim 3: To identify a parsimonious model to predict MetS.

Hypothesis 3.1: Biomedical factor (age), biosocial factors (gender, race,

education, income, and marital status), and psychosocial factors (depressive symptoms,

physical activity, diet intake, smoking, and sleep) predict MetS.

1.6 Assumptions of the study

The assumptions of this study included the following:

1. Participants answered the questionnaires truthfully.

2. The clinical data were collected correctly from the mobile examination center by

trained NHANES staff.
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3. Assumptions related to the data analysis techniques are discussed in the data

analysis section.

1.7 Summary

Chapter One described the prevalence of MetS in the U.S., and clinical significant

risk of type 2 diabetes and CVD associated with MetS. The importance of a more holistic

approach to MetS is to include psychosocial factors, especially depressive symptoms. No

study has used a conceptual model to study the interrelationships of psychosocial factors

and MetS using a nationally representative sample. This study examined the model, “The

Biopsychosocial Model of MetS in U.S. Adults” using a population based sample.

Understanding the interrelationship between biopsychosocial factors and MetS, will assist

in establishing interventions to decrease the incidence of MetS, whereby impeding the

trajectory of MetS to type 2 diabetes and CVD.
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CHAPTER 2: LITERATURE REVIEW

The purpose of this study is to test the proposed model of biopsychosocial factors

associated with MetS in adults in the U.S.  The study utilized the factors illustrated in the

Concentric Biopsychosocial Model of Heath Status (Hoffman & Driscoll, 2000). The

study examined biomedical (age), biosocial (gender, race, income, education, marital

status) and psychosocial factors (depressive symptoms, physical activity, diet intake,

smoking, and sleep) that contribute to MetS in adults.

The literature review is divided into five sections: 1) history and evolution of

MetS; 2.) MetS’s impact on diabetes and cardiovascular disease; 3) biomedical factor and

their impact on psychosocial factors and MetS; 4) biosocial factors and their impact on

psychosocial factors and MetS; and 5) psychosocial factors and their impact on MetS

2.1 Evolution of Metabolic Syndrome

Clustering of cardiovascular risk factors, in particular, hypertension, diabetes,

dyslipidemia, and obesity dates back to the 1960’s and 1970’s (S. Haffner & Taegtmeyer,

2003).  In 1988, Reaven first described Syndrome X as a cluster of hypertension, glucose

intolerance, elevated triglycerides and low HDL cholesterol levels (Reaven, 1988). In the

early to mid 1990’s, the “syndrome” became known as Insulin Resistance Syndrome.

Researchers believed that insulin resistance was the major cause for the syndrome. After

further epidemiological studies, it was determined that this syndrome’s pathology is not

solely insulin resistance, but remains unresolved. In 1998-1999, the World Health

Organization (WHO) defined the “syndrome” and changed the name to MetS (1999

world health organization-international society of hypertension guidelines for the

management of hypertension. guidelines subcommittee,1999). The following year, the
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European Group for Study of Insulin Resistance (EGIR) modified the WHO’s definition

and changed the syndrome name to insulin resistance syndrome.  The WHO and EGIR

required insulin resistance to be present plus two other criteria for a diagnosis of the

syndrome (see Table 1).  Also, EGIR focused on abdominal obesity defining obesity via

waist circumference, but excluded individuals with type 2 diabetes since insulin

resistance is a major risk factor for diabetes (Balkau & Charles, 1999).

Following the WHO and EGIR, the National Cholesterol Education Program’s

Adult Treatment Panel III (NCEP-ATP III) proposed diagnostic criteria for MetS in 2001

establishing thresholds for five risk factors: obesity, insulin resistance, high-density

lipoprotein (HDL) cholesterol, triglycerides, and hypertension (E. S. Ford et al., 2002).

Details of each defining criteria is outlined in Table 1. Each factor is equally weighted;

and, for diagnosis, an individual must meet three of the five factors. The NCEP ATP III

definition changed the diagnostic criteria of insulin resistance from glucose tolerance

testing, which is used in the WHO and EGIR definitions, to fasting glucose making the

ATP III definition more clinically friendly.

In 2003, the American Association of Clinical Endocrinologists (AACE)

refocused their definition from obesity back to insulin resistance as a primary source of

MetS changing the name to insulin resistance syndrome.  Diagnosis is made if an

individual has insulin resistance measured by impaired glucose tolerance testing plus any

of the other criteria based on clinical judgment of the health care provider (see Table 1)

(Einhorn et al., 2003). The AACE definition, allows much of the interpretation of

diagnosing MetS to the health care provider. The criteria for diagnosis creates ambiguity

and difficulty in interpretation of the definition especially in a research environment.
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In 2005, the International Diabetes Federation (IDF) proposed a new definition

focusing on central abdominal obesity.  According to the IDF, one must have abdominal

obesity measured by ethnic group specific waist circumference thresholds in addition to

two other factors (E. S. Ford, 2005a). During that same year, the NCEP ATP III

definition was revised (rNCEP ATP III) to clarify the measures within the definition to

include treatment of clinical criteria.  The threshold for insulin fasting glucose was

decreased to 100 mg/dL to complement the American Diabetes Association criteria

(Grundy et al., 2005) (See Table 2.1). Of the metabolic definitions, the WHO, NCEP

ATP III, and the IDF are the most comparable to and the NCEP ATP III is the most

widely cited. Many of the large studies of cardiovascular health and MetS are conducted

using NHANES.
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Table 2.1: Evolution of Metabolic Syndrome
WHO-1998 EGIR-1999 NCEP

ATP III-
2001

AACE-
2003

IDF-2005 rNCEP
ATP III-

2005
Syndrome

Name
Metabolic
Syndrome

Insulin
Resistance
Syndrome

Metabolic
Syndrome

Insulin
Resistance
Syndrome

Metabolic
Syndrome

Metabolic
Syndrome

Obesity* BMI ≥30
kg/m2 &/or
waist-to-hip
ratio of
>0.90 in
men &
<0.85 in
women

WC ≥94 cm
in men or
≥80 cm in
women

WC
>102cm
(>40in) in
men &
>88cm
(>35in) in
women

BMI ≥
25kg/m2

Ethnic-
group
WC**

WC ≥ 102
cm in men
or ≥88 cm
in women

Blood
Pressure

Antihyperte
nsive
medication
and/or
≥140/90
mmHg

≥140/90
mmHg or
on
antihyperten
sive
medication

≥130/ ≥85
mmHg

≥130/85
mmHg

≥130/ ≥85
mmHg or
previous
hypertensio
n DX

≥ 130
systolic or ≥
85 diastolic
or
antihyperten
sive
medication

Glucose*** IGT, IFG,
or Type II
Diabetes

IGT or IFG >110 mg/dl
(includes
diabetes)

>110 mg/dl ≥ 110
mg/dL or
previous
Type II
Diabetes
DX+

>100 mg/dL
or drug
TX++ for
elevated
glucose

Triglycerides ≥150 mg/dL ≥150 mg/dL ≥150 mg/dL ≥150 mg/dL ≥150 mg/dL
in men or
TX for lipid
abnormality

≥ 150
mg/dL or
medication
for elevated
triglycerides

HDL
Cholesterol

<35 mg/dL
in men
or <39
mg/dL in
women

<39 mg/dL
in men or
women

<40 mg/dL
in men or
<50 mg/dL
in women

<40 mg/dL
in men or
<50 mg/dL
in women

<40 mg/dl
in men or
<50 in
women or
TX  of low
low HDL-C

<40 mg/dl
in men or
<50 in
women or
TX of
reduced
HDL-C

Other Micro-
albuminuria

Not used for
DX

Not used for
DX

Not used for
DX

Not used for
DX

Not used for
DX

Criteria for
Diagnosis

Insulin
Resistance
plus 2 of 5
other factors

Plasma
insulin>
75th

percentile
plus any 2
factors

3 of 5
factors

IGT or IFG
plus any
factors
based on
clinical
judgment

Central
Obesity plus
2 or more
factors

Any 3 of 5

*Obesity: BMI= body mass index; WC= waist Circumference
**IDF Ethnic-group waist circumference thresholds: Europids (European origin living in the
Americas and Europe):  ≥ 94 cm in men or ≥ 80 cm in women; Asian (except for Japanese):  ≥ 90 in men
or ≥ 80 in women; Japanese: ≥ 85 in men or ≥ 90 in women
*** Glucose: IGT- Impaired glucose tolerance, IFG = Impaired fasting Glucose
+ DX= diagnosis; ++TX = treatment;
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2.1.1 Multiple Definitions Yield Inconsistent Prevalence

Different definitions of MetS yield various prevalence rates depending on the

population being examined and the definition used. In addition, studies in the current

literature validate their findings by comparing multiple definitions.  Guerrero-Romero

and Rodriguez-Moran (2005) compared the IDF, NCEP ATP III, and WHO definitions

among 472 healthy men and women in northern Mexico. The researchers examined the

agreement between two raters on diagnosing an individual with MetS via the four above

definitions by using Cohen’s kappa coefficient. The higher kappa coefficient indicates a

better inter-rater agreement. The study found similar prevalence rates were found by the

NCEP ATP III and IDF (22.6%, 22.3% respectively). The prevalence of MetS using the

WHO definition was much lower at 15.4%, which was expected since the WHO and the

IDF have a low agreement (Kappa .511, sensitivity 84.3%, specificity 73.1%).

Conversely the IDF and the NCEP ATP III have a very high agreement to one another

(Kappa .873, sensitivity 92.4%, specificity 94.8%).  These results are not surprising

because the difference between the NCEP ATP III and IDF definitions is the ethnic

thresholds for waist circumference, which are not applicable in the Mexican population.

Wang et al. (2004) compared NCEP ATP III, WHO, EGIR, and AACE in Beijing, China

to evaluate MetS and the incidence of diabetes.  The AACE had the highest sensitivity for

predicting diabetes (men-71%, women- 70%).  The WHO identified 53% of the men and

42% of the women who had developed diabetes by the 5 year follow up.  The NCEP ATP

III waist circumference definition was only able to detect 27% of the diabetes among men.

Lorenzo, Williams, Hunt, and Haffner (2007) studied the relationship of cardiovascular

disease and diabetes comparing the WHO, NCEP ATP III, and IDF definitions among
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2,559 adults in San Antonio, Texas. The IDF definition was the most sensitive among

men and women, followed by the NCEP ATP III, then the WHO. The results may have

been different if the IDF definition was available.  Different MetS definitions may be

used depending on the relationship being examined.  For example, when examining diet

among the Asian population, the new definition by the IDF would yield different results

than the WHO definition because the IDF uses established ethnic specific waist

circumferences.  In addition, many researchers choose the MetS definition based on the

available data.  When measuring obesity in a clinical setting, waist circumference is not

routinely measured; therefore BMI is commonly substituted for waist circumference in

the literature, when secondary data such as chart review is used as the data source.

2.2 Metabolic Syndrome’s Impact on Diabetes and Cardiovascular Disease

MetS is predictive of diabetes and CVD and combining MetS and type 2 diabetes

accentuates the risk for CVD (Cannon, 2008; McNeill et al., 2004). Researchers found

MetS to be predictive of CVD and even more predictive of type 2 diabetes (McNeill et al.,

2004; Regitz-Zagrosek et al., 2007; Sattar et al., 2008; Wannamethee et al., 2005).

A large cross-sectional analysis (n = 14,502) of the Atherosclerosis Risk in

Communities (ARIC) study examined MetS risk of Coronary Heart Disease (CHD) and

diabetes. After adjusting for age, ARIC center, low-density lipoprotein (LDL-C), and

smoking status, the participants odds of CHD increased among those with both MetS and

diabetes (OR = 3.28, 95% CI 2.62-4.11) and individually with MetS (OR = 1.54, 95% CI

1.27-1.86), and diabetes (OR = 1.71, 95% CI 1.10-2.68), and as compared to those

without MetS or diabetes (McNeill et al., 2004). A prospective study of middle-aged men

(40-59) found that the probability of developing CVD or type 2 diabetes over 20 years



23

increased markedly with increased number of MetS components. With one component of

MetS, there is an 11.9% increase, with three components there is a 31.2% increase, and

with four of more components there is a 40.8% increase in the probability of developing

CVD and type 2 diabetes (Wannamethee et al., 2005). Also, regression analysis showed

that after adjusting for age, smoking, social class, physical activity, and alcohol, those

with MetS were almost four times more likely to develop type 2 diabetes  (RR = 3.57, 95%

CI 2.83-4.50.)(Wannamethee et al., 2005).

Mottillo et al. (2010) conducted a systematic review and meta-analysis via

searching Cochrane library, EMBASE, and Medline database through June 2009 for

prospective observational studies examining the effects of cardiovascular effects of MetS

defined by NCEP ATTP III or rNCEP ATP III. The researcher identified 87 studies and

found little variation between the cardiovascular risk associated with the NCEP and

rNCEP definition. When examining the risk of all-cause mortality similar results were

found between the two definitions, NCEP (RR = 1.54, 95% CI 1.29-1.84) and rNCEP

(RR = 1.63, 95% CI 1.30-2.04) . When the studies investing all the definitions were

pooled, MetS increased the risk for CVD (RR = 2.35, 95% CI 2.02-2.73).

2.3 Impact of Biomedical Factors on Psychosocial Factors and Metabolic Syndrome

2.3.1 Age

Age is an essential factor of the biological process that influences general health

status, prevalence of MetS, and psychological aspects of individuals. There are

numerous physiological changes that occur with aging including decreased beta cells,

muscular tone, skin elasticity, bone mass, cardiac output. In a secondary data analysis of

data from NHANES (2003-2006) survey, Ervin (2009) reported that the prevalence of
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MetS increased with each age grouping in both males and females among adults over 20

years of age living in the U.S.  Under 40 years of age 20% of males and 17% of females

met the criteria for MetS compared to 52% of males and 54% of females over 60 years of

age who met the criteria (Ervin, 2009).

Numerous studies reported age as a significant factor of MetS among the US

population regardless of the definition of MetS used in the study for over a decade. Using

a population based study in the U.S., Ford et al. (E. S. Ford, Giles, & Mokdad, 2004)

found that MetS affects 16% of men and 19% of women between 20-39 years of age and

increased to 46% to 56% among those who were over 60 years of age(E. S. Ford et al.,

2004). Similar to the finding in the U.S. population, other researchers across the world

including Canada, Korea, and Sweden, France, Brazil, and Portugal reported a direct

relationship between age and prevalence of MetS (Cho et al., 2009; Dallongeville et al.,

2005; Lidfeldt et al., 2003; Marquezine et al., 2008).

Psychosocial factors of MetS including depression and physical activity found

inconsistent results between age and MetS. Heiskanen et al. (2006) conducted a cross-

sectional study at Kuopio University Hospital in Finland with a six year follow-up to

examine the prevalence of MetS (NCEP ATP III) and depression.  No significant

difference was found between age and MetS.  The small sample (n = 121) consisted of

individuals seeking treatment in the outpatient center of the hospital. Other studies that

found a direct relationship between age and MetS were cross-sectional studies with a

large sample and broad range of ages (Dallongeville et al., 2005; Lidfeldt et al., 2003;

Marquezine et al., 2008; Santos et al., 2007).  In a study using the Canadian Heart Health

Surveys (1986-1992) of men and women ages 18-64, Brien (2006) found that physical
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activity decreased with age.  Men ages 18-34 years old were more active than women

(46.3% and 36.8%, respectively).  However, as the Canadian population aged to 50-64

years old, no difference was found between men and women (22.7% and 22.2%,

respectively) except for the overall decreased physical activity.

2.3.2 Pathophysiologic Aspects

Stress leads to physiological changes in the body, including neurohormal activity

and an inflammatory process.  There are two main neurological centrally activated

response systems, the sympathetic adrenomedullary system SAM and the hypothalamic-

pituitary-adrenal (HPA) axis that responds to stress (Rosmond, 2005).  According to

Rosemond, consistent over activation of the stress systems can result in metabolic

changes, including, high blood pressure, serum triglycerides, glucose, waist

circumference, and low high-density lipoprotein (HDL) cholesterol, which are the

defining factors of MetS. Physiologically, the activation of the HPA system is associated

with psychological depression, loss, and overwhelming threat that stimulated the release

of cortisol into the blood . Cortisol stimulates glucose production by the liver. The end

result is prolonged increase in blood glucose over time from stress, (increased

epinephrine and glucagon) and a combination of cortisol and growth hormone, which

induces insulin resistance (Brown, Varghese, & McEwen, 2004).

The inflammatory process is another physiologic aspect that may be related to

both depression and MetS. Currently, the known proinflammatory markers are C-reactive

protein (CRP), interleukin 1, interleukin 6 (IL6), tumor necrosis factor α. CRP, produced

by hepatocytes, is regulated by IL-6 and TNF-α and is found in the endothelium of

atherosclerotic plaques, smooth muscle cells, macrophages, and adipocytes. In 1930,
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William Tillett and Thomas Francis from Rockefeller University discovered C-reactive

protein (CRP), which was described as a serologic fraction found in patients infected with

pneumococcus (Ridker, 2009). In the early 2000’s CRP was measured in a lower

threshold becoming known as “hsCRP” with established guidelines by the American

Heart Association and the CDC in 2003 (≤ 1 = low, 1-3 = moderate, and ≥ 3 = high risk)

(Ridker, 2009). Currently, hsCRP is a maker for systemic low-grade inflammation and is

associated with an increased risk for heart disease and cardiovascular events in men and

women (Barinas-Mitchell, Cushman, Meilahn, Tracy, & Kuller, 2001; S. M. Haffner,

2006; Yen, Yang, & Yen, 2006). The relationship between MetS and CRP has been

studied across many age groups from preschool children to the elderly.  Studies found

that as the number of risk factors of MetS defined by NCEP-ATP III increased, the serum

levels of hsCRP increased (Jung et al., 2008; Kahn et al., 2006; Ye et al., 2007).  A

cohort (n = 921) in A Diabetes Outcome Progression Trial (ADPOT) found CRP to be

elevated in adults diagnosed with diabetes within the past 3 years (Kahn et al., 2006).

Researchers have studied the relationship between depression and C-reactive

protein among young adults among men and women and found inconsistent findings.  A

cross-sectional study of healthy men (n = 933) and women (n = 630) found that the

results differ for each gender. Among men, depression was positively associated with

hsCRP > 3 (B = 1.08, SE = 0.35), but not with burnout (measured via Shirom-Melamed

Burnout Measure) (Toker, Shirom, Shapira, Berliner, & Melamed, 2005).  Similar results

were found in older men (> 70 years old) using the Geriatric Depression Scale (GDS-15).

Men with CRP > 3 were more depressed (OR1.59, 95% CI 1.2-2.11) (Almeida, Norman,

Hankey, Jamrozik, & Flicker, 2007).  Among women, depression was not statically
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associated with hsCRP, but burnout was found to be positively associated with hsCRP >

3 (Toker et al., 2005).

A longitudinal study of 1,201 young adults, enrolled in the Cardiovascular Risk in

Young Finns Study, investigated depressive symptoms in 1992 and 2001using Becks

Depression Index and cardiac risk factors including CRP in 2001 (D. E. Ford & Erlinger,

2004).  Higher levels of CRP (>3) were associated with depressive symptoms in 2001 (t

= 3.74, p = .001) and mean depressive symptoms in 1992 and 2001 (t = 3.73, p = .001)

(D. E. Ford & Erlinger, 2004).  Furthermore, Ford and Erlinger (2004) found that a

history of depression measured by DSM-III was associated with elevated CRP (OR= 1.64,

95% CI, 1.20-2.24) among 6,914 non-institutionalized young adults between the ages 18-

39 years old using NHANES III data. On the contrary, the SWAN study, a 5-year

longitudinal study, consisting of 3,292 women aged 42-52 revealed no statistically

significant relationship between hsCRP and depressive symptoms (Matthews et al., 2007).

Many additional variables affect CRP including smoking, stress, diet, etc., which

make CRP difficult to interpret. Despite the controversy of CRP, some evidence supports

the anti-inflammatory effects of exercise on hsCRP in various setting and populations

(Kelley & Kelley, 2006; Plaisance & Grandjean, 2006). Beckie, Beckstead, and Groer

(2010) studied the effects of a behaviorally enhanced 12-week cardiac rehabilitation

program among women as compared to a traditional cardiac rehabilitation (CR) program

on the components of the MetS and inflammatory markers in women with CHD. The

research showed that after CR the total sample of women demonstrated significant

reductions in hsCRP (p = .002), IL-6 (p < .001), and TNF-α (p = .010).  Furthermore, the

behaviorally enhanced cardiac rehabilitation group had significantly lowered
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inflammatory markers as compared to the traditional cardiac rehabilitation group (Beckie

et al., 2010).

While not the focus of this study, there are many biomedical factors that could be

examined in a physiologic study of MetS.  The human body’s response to stress and all

its complexity merits a focused research study of this complex phenomenon.  Age, a

simple yet essential biomedical factor of MetS, reveals a positive direct relationship with

MetS. Further research is needed to examine the indirect effects of age and other factors

in the biopsychosocial model of MetS. Age, a non-modifiable factor, is necessary to

examined in a representative sample in conjunction with other contributing factors to gain

a deeper understanding of MetS to impede the trajectory of type 2 diabetes and CVD.

2.4 Impact of Biosocial Factors on Psychosocial Factors and Metabolic Syndrome

According to Hoffman (2000), biosocial factors have both biological and physical

basis, and frequently have socially constructed status.  These factors typically yield

complex psychosocial interactions and their influence might be modified through

psychosocial variables.  Psychosocial interventions have the potential to lessen the

incidence of biomedical and biosocial factors through a focus on prevention (Hoffman &

Driscoll, 2000).

2.4.1 Gender

Gender differences are not only biological differences, but also physiologic, social,

behavioral, and cultural differences.  Researchers have found no gender differences in the

prevalence of MetS (Dunbar et al., 2008; Kinder et al., 2004; Remsberg et al., 2007).

Using the NHANES III, Kinder et al. (2004) found no gender difference existed among

those with MetS.  A cross-sectional study conducted in Australia found no gender-based
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differences among those with MetS (Dunbar et al., 2008).  The researchers who reported

no statistical difference between gender and MetS did not factor in the participants age in

the statistical analysis.

Gender is not a significant predictor of MetS when examining a wide range of

ages such a population based studies (Ervin, 2009; Marquezine et al., 2008). However,

when gender is crossed with age, patterns emerge from the research study.  Ervin (2009)

found that women over 60 years of age were four times more likely than the youngest

group (20-39) to meet the NCEP ATP III criteria for MetS.  Males over 60 years of age

were four times as likely as the youngest group (20-39) to meet the NCEP ATP III

criteria for MetS. The prevalence of MetS was found to be equal among urban Brazilian

men and women without consideration of age.  According to Merquezine et al. (2008),

MetS is more prevalent among younger men than women, but with progressing age,

women are more prevalent than men. Laudisio et al. (2009) sampled a Geriatric

population (> 75 years of age) in Italy and found a higher prevalence of MetS among

women as compared to men (45% vs. 30%, p = .004).

There are gender differences in depression. Many studies show a significantly

greater prevalence of depression in females than males (Akbaraly et al., 2009; Gary,

Crum, Cooper-Patrick, Ford, & Brancati, 2000; Kinder et al., 2004; Skilton et al., 2007;

Toker, Shirom, & Melamed, 2008). A meta-analysis study conducted by Goldbacher and

Matthews (1973) showed a significantly higher rate of major depression among females

than in males.  Using the Tel Aviv Medical Center Inflammation Survey, Toker et al.

(2008) found that women had significantly higher levels of depression as compared to

men (mean = 1.19 vs. 1.35, p = <.001).  Gary et al. (2000) also found that younger
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females had significantly more depressive symptoms than males among those with type 2

diabetes. Kinder et al. (2004) found that women had a stronger association between

depression and MetS as compared to men, even though the relationship between

depression and MetS did not reach statistical significance.

2.4.2 Race/Ethnicity

The relationship of race/ethnicity to MetS differs based on gender according to a

national health statistics reports.  Using NHANES (2003-2006), Ervin (2009) found 25%

of non-Hispanic black males had MetS as compared to 37% of non-Hispanic white males.

Non-Hispanic black males were half as likely as non-Hispanic white males to have MetS

(OR = .54, CI 95%: 0.40-0.73). Unlike males, there was no difference in the prevalence

of MetS among females based on race and ethnicity (Ervin, 2009). Non-Hispanic black

and Mexican-American females were approximately 1.5 times more likely than non-

Hispanic white females to meet the criteria for MetS (Ervin, 2009). Of all the minorities,

Mexican-American male and females had the largest percent with MetS.  A study

conducted in Brazil found race/ethnicity to be not an important predictor of MetS of

adults 25-64 years of age (Marquezine et al., 2008).

2.4.3 Education and Income

Income and education are generally associated with health status as well as health

promotion.  Less wealthy, less educated individuals are more likely to suffer various

health problems and have limited or no access to preventive care (Hoffman & Driscoll,

2000). Many studies found an inverse relationship between income and MetS

(Dallongeville et al., 2005; Marquezine et al., 2008; Matthews, Gallo, Raikkonen, &

Kuller, 2008).  Multiple studies show an inverse relationship between education and
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MetS (Dallongeville et al., 2005; Lidfeldt et al., 2003; Matthews et al., 2008; Raikkonen

et al., 2007; Santos et al., 2007; Wilsgaard & Jacobsen, 2007). Conversely, two studies

showed no association between education and MetS (Akbaraly et al., 2009; Laudisio et

al., 2009).

Matthews et al. (2008) found that women with less education were more likely to

develop MetS using the NCEP ATP III criteria as compared to their more educated group

after a three year follow up (p = .007).  MetS was more prevalent among less educated

females with less than 4 years of education compared to females with more than 12 years

of education (34.5 % vs. 7.6%, p = .05), but no statistical difference was found among

men (Santos et al., 2007). A large study using the NCEP ATP III guidelines conducted in

France revealed an inverse relationship education and MetS among men and women (p

= .0001). Also, the mean duration of schooling was lower in men and women

(Dallongeville et al., 2005).  Women between the ages 50-59 in Sweden had a higher

prevalence of MetS if they had a lower educational level (p < .001) (National Center for

Health Statistics, 2001).  RaikKonen , Matthews, and Kuller (2007) found educational

attainment to be lower among middle aged women across three MetS definitions (WHO,

NECP ATP III, and IDF).

A longitudinal study found socioeconomic status to have a significant direct

pathway to MetS using structural equation modeling (β = -.193, t = 3.24, p = .001)

(Matthews et al., 2008).  Dallongeville (2005) found household income to be inversely

associated with MetS, but only in women (p = .0001).  Also, a study in Brazil found that

the risk of MetS increases with decreased family income in females, but the risk if MetS

remained constant in males regardless of income (Marquezine et al., 2008).
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Education is not only related to MetS, but also the psychosocial factors in the

proposed Biopsychosocial Model of MetS. A longitudinal study found that women with

less education had higher levels of depressive symptoms after a three year follow up

(Matthews et al., 2008). Also, lower educational attainment was associated with

depression among women (r < -.11, p < .02) (Raikkonen et al., 2007). A population based

study in the Korean population used the NECP ATP III guidelines and found that higher-

income households had an increasing physical activity level measured in total MET

scores (metabolic equivalents-minutes/week) (Cho et al., 2009). Also, education was

higher among men with increased MET scores, but not among females (Cho et al., 2009).

2.4.4 Marital Status

The relationship between marital status and MetS is scarce in the literature.  A

large study (n = 2,164) in Portugal found no difference in the prevalence of MetS

between men and women who were married versus those who were not married (Santos

et al., 2007). Also, Heiskanen et al. (2006) found no significant difference between MetS

and marital status in a cross-sectional study of depressed individuals. Miettola (2008)

also found no association between marital status and MetS in a cross sectional

community-based study conducted in eastern Finland. Further research is necessary to

understand the role that the marital relationship may play in MetS.

In conclusion, the biosocial factors influence MetS in certain populations. MetS

increases among minority groups, less educated, and lower socioeconomic groups. The

prevalence of MetS is gender specific when age crossed with age. In the younger

population, men have a higher rate of MetS compared to women. In the older population,

the opposite is true with women have a higher rate of MetS as compared to men. The
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study examined a representative sample to examine the direct and moderating effects of

the biosocial factors of MetS using the biopsychosocial model.

2.5 Psychosocial Factors and Their Impact on Metabolic Syndrome

Hoffman and Driscoll (2000) stated that psychosocial factors might modify

biomedical factors and biosocial factors. Therefore, psychosocial interventions have the

potential to reduce the impact of biomedical/biosocial factors through interventions that

could focus on preventing MetS.

Psychosocial factors were examined individually in studies resulting in a positive

association between MetS and physical activity, (Brien & Katzmarzyk, 2006; Cho et al.,

2009; Wannamethee et al., 2005; Wilsgaard & Jacobsen, 2007; Yao et al., 2006) diet,

(Wannamethee et al., 2005) and smoking (Chen et al., 2008). Research exploring the

relationship between depression as a psychological factor and MetS has increased over

the last decade.  Recently, there is an increasing interest in the relationship between MetS

and depressive symptoms rather than clinical depression. However, these psychosocial

factors have not been studied simultaneously in a national study.

2.5.1 Depressive Symptoms

Depression affects roughly 6.7% of the population, totaling more than 14 million

Americans in any given year and affects more women than men (National Institute of

Mental Health, 2009).  Though depression has been linked to cardiovascular disease

(Mallik et al., 2006; Nakata, Okura, Matsuo, & Tanaka, 2009) and diabetes (Adriaanse et

al., 2006; Timonen et al., 2005), the studies are conflicting regarding MetS (Freeman et

al., 2006). Many tools and scales are used to measure depression making comparisons
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difficult.  In addition, the terms depression and depressive symptoms are used incorrectly

and interchangeably in the literature.

Measurements of depression and its relationship to metabolic syndrome. The

Centers for Epidemiologic Studies Depression Scale (CES-D) was first developed in

1971 consisting of 20-item scale used to assess depressive symptoms that can be self or

interviewer-administered (Radloff, 1977). In adult male twins enrolled in the National

Heart and Blood Institute Twin Study, a small but positive correlation was found between

elevated CES-D and components of MetS: elevated body mass, triglycerides, and glucose

using structural equation modeling (2 = 6.68, 2 = 7.82, 2 = 19.77, respectively)

(McCaffery et al., 2003). Unfortunately, the researchers used the CES-D to measure

general distress and negative affect instead of depressive symptoms causing validity

concerns (McCaffery et al., 2003). A cross-sectional study among the elderly population

ages 70-79 found a positive association between MetS and a higher depressive symptoms

score (p = .05) as measured by the CES-D-20 (Vogelzangs et al., 2007). Furthermore, the

odds of MetS increased with increases in depressive symptoms among white participants

(OR = 1.11, 95% CI 1.01-1.23), but not among black participants (OR = .97, 95% CI .86-

1.11) (Vogelzangs et al., 2007).

The Beck Depression Inventory (BDI) is a 21-item self-administered

questionnaire that measures depressive symptoms. Each item is rated 0-3 for a total

possible score ranging from 0-63 with a higher score indicating more severe depressive

symptoms (Hagen, 2007). Vaccarino et al. (2008) used data from 652 women who

participated in the Women’s Ischemic Syndrome Evaluation (WISE) who completed the

BDI.  Regression models showed that after adjusting for demographic factors, lifestyle
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and functional status, depression was associated with about 60% increased odds for MetS

as compared to those without depression (p = .03).  A longitudinal study of women (n =

523) found that high levels of depressive symptoms measured via BDI had an increased

risk of MetS using three definitions of MetS, IDF, NCEP ATP III, and WHO (OR= 1.28,

95% CI 1.04-1.59; OR= 1.39, 95% CI 1.11-1.74; OR = 1.41, 95% CI 0.98-2.02,

respectively) (Raikkonen et al., 2007).

A cross-sectional study among 1,598 men and women between 30-80 years of age

found a significantly higher rate of depression among those with MetS and an even

higher rate among women as compared to men (Skilton et al., 2007). Depression was

measured by the self-administered Hospital Anxiety and Depression Scale (HADS) with

depression classified as a score > 8 of a possible 21 points. The association between

depression and MetS remained statistically significant after controlling for age, prior

cardiovascular disease, employment status, and marital status (OR = 2.25, 95% CI 1.53-

3.31), and behavioral factors such as diet, smoking, and physical activity (OR = 2.28, 95%

CI 1.52-3.43) (Skilton et al., 2007). A large study (n = 1,690) conducted in Australia

examined the NECP III and IDF definition of MetS and found both definitions were

associated with depression measured using the HADS among adults between the ages of

25-84 (Dunbar et al., 2008).

The Hopkins Symptoms Checklist, a 25-item questionnaire (HSCL-25), is a

shortened version of the 90-item questionnaire originally designed by Degoratis et al.

(1973). The 25-item questionnaire contains 13 questions regarding depression and a 10-

item subscale of anxiety (Herva et al., 2006).  Herva et al.(2006) studied the association

of MetS and depression and anxiety among 5,698 young adults who participated in the
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Northern Finland 1966 Birth Cohort Study.  Logistic regression analysis revealed no

association between MetS and depression and anxiety measured on the HSCL-25.

Conversely, Timonen et al. (2006) used male subjects from the same Northern Finland

birth cohort (n= 2609) and found insulin resistance was associated with clinical

depression as measured in the HSCL. As the subjects insulin resistance increased,

depression (measured dichotomously) increased (OR= 2.18 to 3.15) on a parallel line

(Timonen et al., 2006).

Other researchers defined depression using Structured Clinical Interviews for the

Diagnostic and Statistical Manual of Mental Disorders version III or IV (DSM).  The

studies concluded a positive association between MetS and depression using various

populations, sampling, and methodology (E. M. Goldbacher & Bromberger, 2009;

Heiskanen et al., 2006; Kinder et al., 2004). A population-based study using the

NHANES III evaluated the association between depression and MetS among young

adults (n = 3,186) ages 17-39 who were free of heart disease and diabetes. Kinder et al.

(2004) fund women with depression to be twice as likely to have MetS (OR = 2.00, 95%

CI 1.15-3.50) and a higher reporting of a depressive episodes than men (13.4% versus

6.1%, (2 = 36.39, p < .0001) (Kinder et al., 2004). Individuals with a history of

depression were found to have a higher prevalence of MetS, especially those participants

with current major depression as defined by the DSM-III (D. E. Ford & Erlinger, 2004).

Goldbacher et al. (2009) prospectively examined the association between major

depression and the incidence of MetS and found depression to be a positive predictor of

MetS during a 7-year follow-up period of White and African-American middle-aged

women.  Two other longitudinal studies found a positive association between depressive
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symptoms and MetS results using the same sample (Raikkonen, Matthews, & Kuller,

2002; Raikkonen et al., 2007).

Measuring depression in NHANES.  Mental health and depression among the

Unites States population has been examined since the conception of the NHANES

database using various scales and interviews.  The NHANES I (1971 to 1974) and

NHANES II (1976-1980) used the CES-D scale to evaluate subjects for depression.  The

NHANES III (1988-1994) adopted the Diagnostic Interview Schedule (DIS) to examine

the mental health component of the NHANES survey.  Development of the National

Institute of Mental Health Diagnostic Interview Schedule (DIS) began in 1978 at the

request of the National Institute of Mental Health (NIMH) for large epidemiologic studies

(Robins, Helzer, Croughan, & Ratcliff, 1981). The DIS is a highly structured interview

designed to assess the incidence and prevalence of psychiatric disorders in both clinical

and normal populations.  The DIS was based on the Diagnostic and Statistical Manual,

Third edition (DSM-III), which was the official diagnostic system for the United States of

America (Robins et al., 1981).

Based on the DIS, the Composite International Diagnostic Interview (CIDI) was

developed to assess the International Classification of Disease (ICD-10) and DSM-IV

psychiatric diagnoses (Andrews & Peters, 1998). The CIDI allows researchers to

compare cross-national research with two administration modalities, paper and pencil and

computer assisted. The depression portion of the CIDI focuses on the past 12 months to

help diagnose major depression and can be conducted by nonclinical personnel (Andrews

& Peters, 1998). Trained NHANES interviewers administered the CIDI in the MEC

taking approximately one hour to complete. Like other depression measures, the CIDI has
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undergone many revisions including a reduction in question and administration time,

which was not utilized by the National Center for Health Statistics (NCHS) NHANES

survey. Therefore, it is not surprising that the NCHS searched for a more feasible

depression screener due to the long administration time of the DIS and CIDI.

In 2005, the NHANES began using the Patient Health Questionnaire (PHQ-9) to

assess depression and its severity. PHQ-9 was derived from the Primary Care Evaluation

of Mental Disorders Brief Patient Health Questionnaire (PRIME-MD), which evaluated

18 mental disorders divided into four groups (mood, anxiety, somatoform, and alcohol).

The PRIME-MD has two parts, a 26-item self-administered questionnaire and a 12-page

clinical evaluation guide, which is a structured interview form used to follow up on

positive reposes from the self-administered questionnaire (Spitzer, Kroenke, & Williams,

1999).  However, the average time spent by the physician administering the clinical

evaluation was 8.4 minutes, (Spitzer, Williams, & Kroenke, 1994) which is a long time in

a short primary care visit averaging less than 20 minutes (Cherry, Woodwell, &

Rechtsteiner, 2007). Hence, the emergence of the PHQ-9 decreased the administration

time with only nine self-administered questions.  According to Spitzer, Kroenke, and

Williams (1999) the time required by the physician to review the PHQ-9 responses was

less than three minutes for 85% of the 3000 subjects. The PHQ-9 expanded the response

categories from the original dichotomous responses (yes/no) in the PRIME-MD. The

individuals are asked during the previous 2 weeks, has a symptom bothered them “not at

all,” “several days,” “more than half the days,” or “nearly every day” and the score

ranges from 0-3 for each of the nine questions (Spitzer et al., 1999). Changing the

response categories yielded a severity of depressive symptoms rather than a possible
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diagnosis of major depression.  The PHQ-9 has many benefits including versatility of the

data, short administration time, various modalities of administration, high validity and

reliability scores, and large sample size from the NHANES database.

Advantages to the patient health questionnaire (PHQ-9).  The versatility of the

PHQ-9 is a major advantage of its utility in the clinical and the research setting.

According to Kroenke and colleagues, “One advantage to the PHQ-9 is its exclusive

focus on the nine diagnostic criteria for the DSM-IV depressive disorders” (2001)(p.612).

The PHQ-9 has a shorter time frame to administer than the other scales and can be

administered by a non-clinician. During the continuous data collection between the years

1999-2004, the NCHS limited the CIDI sample size to subjects between the ages 20-39

probably due to the long administration time. Since its beginning in 2005, the PHQ-9 is

administered to the entire sampled population over the age of twelve as part of the CAPI.

Also, research reveals that the PHQ-9 is valid when administered in different

modalities including self, face-to-face interview, and telephone administration (Pinto-

Meza, Serrano-Blanco, Penarrubia, Blanco, & Haro, 2005). In addition, a diagnosis of

major depression is not always as clinically significant as the severity of depressive

symptoms, which can assist a health care professional in diagnosing of subclinical

depression.

The total score of the PHQ-9 scale may be used at different levels of measurement

including continuous, ordinal, or dichotomous variables in a measurement model. First,

the total score of the PHQ-9 ranging from 0-27 can be used as a continuous variable as an

independent or dependent variable in a regression model to describe the severity of

depression. Second, as stated above there have been valid thresholds of 5, 10, 15, 20
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(mild, moderate, moderately severe, and severe, respectively) creating an ordinal level of

measurement (Kroenke et al., 2001). Comparison of the relationship between MetS and

depressive symptoms as well as depressive groups can be utilized as a continuous or

ordinal level of measure. Third, another measurement model dichotomizes the depression

variable using a score cut-off greater than or equal to 10 (Kroenke et al., 2001; Williams

et al., 2005). NHANES and the many benefits of PHQ-9 allow for exploration of

depressive symptoms in a national sample of Americans.

In conclusion, clear underlying mechanisms by which depressive symptoms not

depression interact with MetS have yet to be identified. The association between

depressive symptoms (not depression) and metabolic is inconsistent in the literature

(Akbaraly et al., 2009; E. M. Goldbacher & Bromberger, 2009). Few studies examined

the association between depressive symptoms and both psychological and behavioral

factors in conjunction with other socio-demographic variables in U.S. adults (Akbaraly et

al., 2009; Dunbar et al., 2008; E. M. Goldbacher & Bromberger, 2009; Herva et al., 2006;

Kinder et al., 2004).

It is difficult to establish a causal relationship between depressive symptoms and

MetS since this relationship maybe bi-directional.  Akbaralya (2009) was the first to use

a longitudinal design to study the relationship between MetS and depressive symptoms.

The study showed that MetS was predictive of depressive symptoms (OR 1.38, 95% CI

1.02–1.96) after controlling for potential confounding factors including education,

physical activity, smoking, and coronary heart disease. The biopsychosocial model

guides this research study to examine the inter-relationships of the biomedical factor,

biosocial factors, psychosocial factors, and MetS.
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2.5.2 Physical Activity

Physical activity is beneficial for decreasing the incidence of MetS. Many large

cross-sectional studies from various countries including Canada, Australia, Mexico, U.S.,

China, Asia, and Germany found an inverse relationship between physical activity and

MetS (Brien & Katzmarzyk, 2006; Cho et al., 2009; Churilla & Fitzhugh, 2009; Hahn et

al., 2009; Mendez-Hernandez et al., 2009; Vaughan et al., 2009; Yao et al., 2006). Brien

and Katzmarzyk (2006) examined the relationship between physical activity and MetS

via the NCEP definition using the Canadian Heart Health Surveys, which is a series of

nationally representative survey of adults aged 18-74. Aged males and females, MetS

increased and physical activity decreased. Brien and Katzmarzyk (2006) found that after

adjusting for age, smoking, alcohol, and income, physically active men and women were

approximately 50% less likely to have MetS (OR = 1.45, 95% CI 0.29-0.69; OR 0.67, 95%

CI 1.44-1.29, respectively) than those who were not physically active. Similar results

were found in the Korean population in that participation in any kind of leisure-time

activity was associated with a reduction in the odds for MetS by 15% in men and 34% in

women (Cho et al., 2009). Another large cross-sectional study (n= 50,495) study focusing

on the Asian population was conducted in China. Yao et al. (2006) found that MetS

incidence in those with high intensity physical activity was lowered by 60% as compared

to those in a low intensity physical activity (OR = .60, 95% CI 0.62-0.443) after adjusting

for age, sex, smoking, and alcohol.

Researchers studied the relationship between the amount and intensity of physical

activity and MetS. In Germany, a study of 1,653 elderly men and women aged 55-74

participated in a study to determine the optimal duration and intensity of exercise to
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prevent MetS using the IDF definition. Regression analysis showed that engaging in

regular sports activity > one hour per week decreased the risk of MetS in men and women

(OR = 0.70, 95% CI 0.49-1.02; OR = 0.74, 95% CI 0.53-1.01) (Hahn et al., 2009).

Brouwer, Vissern, and Van Der Graaf (2007) conducted a cross-sectional analysis of

patients with arterial disease (n = 1,301)  to examine the relationship between leisure

activity measured by the intensity and amount of exercise per week using metabolic

equivalents (METS) and MetS measured by the NCEP ATP III definition. Baseline

characteristics revealed men were more active than women. After adjusting for age, sex,

and smoking, regression analysis showed that patients who were physically active (> 15

MET/h per week) had a significantly lower risk of MetS than the least active patients

(OR = 0.50, 95% CI 0.33-0.75) (Brouwer et al., 2007).

Mendez-Hernandez et al. (2009) studied the relationship between MetS and not

only regular physical activity but also work activity in a population of 5,118 employees

and relatives, aged 20-70 years using the NCEP ATP IIII definition for MetS. After

adjusting for age, calories per day, alcohol intake, smoking, education, women whom

reported at least three hours of workplace activity per day had a lower risk of MetS

compared to those who reported < three hours of workplace activity per day (R 0.75, 95%

CI 0.59-0.96) (Mendez-Hernandez et al., 2009). Both leisure-time (OR = 0.80, 95% CI

0.70-0.93) and workplace activity (OR = 0. 75, 95% CI 0.61-0.93) at different intensity

levels decreased MetS risk among the participants.  MetS risk was decreased among men

(OR = 0.72, 95% CI 0.57-0.95) and women (OR = 0.78, 95% CI 0.64-0.94) who engaged

in > 30 minutes of leisure-time activity per day (Mendez-Hernandez et al., 2009).
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A study in Germany showed that exercise can decrease MetS incidence.  A

longitudinal randomized single-blind study to determine the effect of exercise on MetS

using the IDF definition among post-menopausal females aged 65 and older was

conducted as part of the Senior Fitness and Prevention Study (SEFIP). The subjects were

randomly assigned to either the exercise group or the wellness control group. The

subjects’ exercise program was four session per week with two supervised 60-minute

sessions and two twenty minute unsupervised sessions with an attendance  rate of the

exercise group averaged 74% + 7% (Kemmler, Von Stengel, Engelke, & Kalender, 2009).

The wellness group performed 60-minute low-intensity physical and relaxation program

once a week for 10 weeks with intermitted intervals of training.  Each 10 week program

focused on topics such as relaxation, balance, and muscle training. The prevalence of

MetS decreased by 30.3% in the exercise group compared to 15.6% in the control group

(p = 0.15) (Kemmler et al., 2009).

In conclusion, physical activity has been shown to decrease the likelihood of

MetS and one study in longitudinal study in Germany MetS could be reversed with

physical activity.  However, other psychological factors of depression symptoms and diet

moderate the association between physical activity and MetS.

2.5.3 Diet Intake

No unified dietary recommendation for MetS has been determined. Two

researchers described the effects of a high phytochemical diet such as the Mediterranean

diet on MetS and its individual components (Babio, Bullo, & Salas-Salvado, 2009;

Minich & Bland, 2008). Katcher et al. (2008) examine whether a hypoclaric diet (500

kcal per day less) with whole-grain foods enhanced weight loss among obese adults aged
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20-65 years with MetS. The subjects were randomly assigned to receive dietary advice to

either avoid whole grain foods, or obtain all their grain servings from whole grains for

twelve weeks. Both hypocaloric diets were effective in producing moderate weight loss.

The study found a significant decrease in the percentage of abdominal body fat among

the participants consuming whole grains than those consuming refined grains (Katcher et

al., 2008).

Much of the prospective research examining diet and MetS incorporates physical

activity into the study design, as many would agree that diet intake and activity are highly

correlated. Nakata, Okura, Matsuo, and Tanaka (2009), conducted a non-randomized

prospective study of Japanese women (n = 323) between the ages 24-67 from 1999-2006.

The women chose either a low-calorie diet alone or a diet and exercise program that

included three aerobic exercises session every week. The average weight loss was 11.9%

+ 4.2%, which decreased at least one component of MetS in 78% of the participants

(Nakata et al., 2009). However, this study did not have a control group. Two studies used

a randomized control design using four groups (diet alone, exercise alone, diet and

exercise, and control group) with different MetS definitions and sampled population

(Anderssen, Carroll, Urdal, & Holme, 2007; Camhi, Stefanick, Katzmarzyk, & Young,

2010). As part of the Oslo Diet and Exercise Study, 188 men were randomized to one of

the four groups. The prevalence of MetS was significantly lower in the diet and exercise

group as compared to the control group (32.6% vs 88.5%, p = 0.0001, respectively) at

one-year follow-up (Anderssen et al., 2007). The diet only group with a prevalence of

64.7% was statistically less than the control group at the one year follow-up (p = 0.037)

(Anderssen et al., 2007). Surprisingly, there was no statistical difference in MetS
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prevalence between the exercise only group and the control group (Anderssen et al.,

2007). Camhi et al. (2010) randomized 179 men (30-64 years old) and 149

postmenopausal women (45-64 years old) into the four groups (diet alone, exercise alone,

diet and exercise, and control group)  to examine the effects on MetS as measured by the

NCEP ATP III definition as part of the Diet and Exercise for Elevated Risk (DEER) trial.

The correlation between the change in body fat and change in MetS was significant in

men (r = 0.37, P < 0.001) and women (r = 0.23, P = 0.004, indicating a decrease in

percent of body fat was associated with a decrease in MetS score (Camhi et al., 2010).

2.5.4 Smoking

Smoking is an important modifiable risk factor for cardiovascular disease (Kannel,

1981) and MetS has been shown to be a risk factor for cardiovascular disease (E. S. Ford,

2005b; Lakka et al., 2002). Individuals who smoke exhibit many features that are similar

to the defining criteria of MetS.  After controlling for covariates (age, education, income,

alcohol, physical activity, fiber intake, and TV watching), current smokers in Taiwan

who smoke > 20 pack-years have a significant increased risk of developing MetS (OR =

1.82, 95% CI 1.26-2.65) as compared to those who never smoked or formerly smoked

(Chen et al., 2008). Furthermore, Chen et al. (2008) found a dose-dependent association

between the amount smoked by current smokers and the prevalence of MetS.  A study in

Norway used the NECP ATP III guidelines for MetS to investigate the relationship

between lifestyle characteristics and MetS.  Wilsgaard and Joacobson (2007) found

smoking more than 20 cigarettes per day increased risk of MetS in men and women

compared to non-smokers (hazard ratio 1.27, 95% CI 1.04-1.54 and hazard ratio 1.40, 95%

CI 1.02-1.92, respectively).  Results from NHANES III found a significant difference
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between smoking more than 100 cigarettes in a lifetime and MetS among men and

women (p = .05 and p = .001, respectively) (Kinder et al., 2004).

The British Regional Heart Study is a prospective study of CVD among men ages

40-59 in 24 British towns. The results showed that men who currently smoke are more

likely than non-smokers to have an increased prevalence of MetS (OR = 1.36, 95% CI

1.00-1.83, P= 04) after adjusting for age and other lifestyle factors including physical

activity, alcohol, and total fat intake (Winnamethee, Shaper, & Whincup, 2006).  A large

study in France revealed smoking to be associated with MetS among both men (p < .011)

and women (p < .0001) (Dallongeville et al., 2005).

In addition to the studying the relationship between smoking and MetS,

researchers have examined the relationship between smoking and other biosocial and

psychosocial factors. Chen et al. (2008) found a statistical difference between smoking

and educational level (p = .001).  Subjects who never smoked had a greater percentage of

education level > 12th grade (32.2%) than those who currently smoke (13.8%) and those

who smoked formerly (18.6%).  Cho et al. (2009) investigated leisure-time activity and

MetS among Korean adults. The cross-sectional study showed that with increasing levels

of total physical activity MET scores, the proportion of current smokers decreased in

males, but not in females (Cho et al., 2009).  A prospective study found that the positive

association between depression and MetS was not intensified by smoking among middle-

aged women between ages 42-52 (E. M. Goldbacher & Bromberger, 2009).

A cross-sectional large study on men and women in Portugal found that smoking

and MetS were associated depending on gender.  Santos et al. (2007) reports that no

significant difference was found between smoking and MetS among males.  MetS was
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significantly less common among females who smoked < 10 cigarettes per day (Santos et

al., 2007).  Also, Villegas et.al (2004) found no statistical difference between smoking

and MetS among participants living in southern Ireland. In Sweden, Lidfelt et al. (2003)

found no association between smoking and MetS among women between the ages 50-59.

Further research is necessary, especially in the U.S., examining the relationship between

smoking and MetS.

2.5.5 Sleep

Long and short sleep durations have been associated with negative health

outcomes including coronary heart disease (Ayas et al., 2003) and type two diabetes

(Third report of the national cholesterol education program [NECP] expert panel on

detection, evaluation, and treatment of high blood cholesterol in adults [adult treatment

panel III]. final report, 2002; E. M. Goldbacher & Bromberger, 2009; Yaggi, Araujo, &

McKinlay, 2006).  Steptoe et al. (2006) examined the relationship between sleep duration

and self-rated health in young adults between the ages of 17-30 who were enrolled in

non-health related courses at 27 universities in 24 countries including the U.S. The study

found that short sleepers (<6 hours per night) were more likely to report a poorer self-

rated health as compared to those who slept 7 to 8 hours (20.3% vs. 10.5%).  Regression

analysis showed men and women who slept for < 7 hours were more likely to be in

poorer health even after adjusting for sex, age, smoking, physical activity, alcohol,

parental education, body mass index, and country of origin (OR = 1.72, 95% CI 1.34-

2.20) (Steptoe et al., 2006).

With the small amount of research regarding sleep and MetS, the data suggest that

sleep might be an important risk factor.   An observational cross-sectional study



48

examined the relationship between sleep quality using the Pittsburg Sleep Quality Index

and MetS.  Jennings et al. (2007) found poor sleep quality to be related to MetS. Santos et

al. (2007) randomly sampled residents ages 18-92 in Portugal.  The study found that

those with a higher mean number of sleeping hours had an increased metabolic risk in

men and women after controlling for confounders. However, the researchers used >9

hours of sleep as their reference group and most others studies in the literature used 7-8

hours as the study’s reference group (Choi et al., 2008; Steptoe et al., 2006).

Other researchers have found a U-shaped relationship between sleep duration and

cardiovascular disease, diabetes, mortality, (Ayas et al., 2003; Burazeri, Gofin, & Kark,

2003) and MetS (Choi et al., 2008).  A cross-sectional study of a representative national

survey data of the Korean population using the 2001 Korean National Health and

Nutrition Survey found a U-shape relationship between sleep duration and MetS.  Choi et

al. (2008) found that those who slept 7 hours presented with the lowest prevalence of

MetS (p = .001).  While sleeping 7 hours served as the reference group, participants who

slept < 5 hours per night had the greatest risk of MetS ( OR = 1.74, 95% CI 1.33-2.26, p

= .001) and participants who slept > 9 hours of sleep also had an increase risk of MetS

(OR = 1.69, 95% CI 1.17-2.45, P = .006) (Choi et al., 2008).

In conclusion, the psychosocial factors influence the prevalence of MetS in some

studies, but inconsistent results were found related to the studied population.  Physical

activity is inversely related to MetS. Clinical depression has shown a positive direct

relationship with MetS, but more research is needed to study the relationship between

depressive symptoms and MetS. Smoking is related to cardiovascular disease, but

conflicting research results were found when studying the relationship between MetS and
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smoking. Therefore, examining the mediating and moderating effects of the

biopsychosocial factors on MetS in a representative sample will provide a deeper

understanding of the interrelationships of the biopsychosocial factors (depressive

symptoms, physical activity, diet intake, smoking, and sleep).

2.6 Summary

In chapter Two, the evolution of MetS was discussed.  The studies that

investigated biopsychosocial factors associated with MetS were discussed.  Some studies

investigated the interrelationship between biomedical, biosocial, and psychosocial factors

and MetS.  Psychosocial factors were considered mediators or moderators between

biomedical and biosocial factors and MetS.  However, there were many limitations in

these studies and the interrelationships between biopsychosocial factors in relation to

MetS control were inconsistent between studies.  It is not clear how psychosocial factors

can influence MetS.
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CHAPTER 3: METHODOLOGY

Chapter Three describes the research methodology used in the study including

design, sample selection, data files, questionnaires used to examine the study hypotheses,

and data analysis. The data from the NHANES 2007-2008 were used to test the proposed

conceptual model in the research study.  The sample is described and the variables related

to the study are theoretically and operationally defined.

3.1 Research Design

The non-experimental study is a cross sectional, descriptive study using the

secondary data analysis of NAHNES (2007-2008). NHANES uses a complex multi-stage

sampling design that includes a combination of health and nutrition questionnaires and

physical examination to assess the health and nutritional status of adults and children in

the United States.  The proposed conceptual model, “The Biopsychosocial Model of

MetS in U.S. Adults” was tested in three different ways using descriptive and

multivariate statistical approaches.  A path analysis examined the hypothesized path to

ensure fit of the sample data. Parsimonious regression models were used to predict MetS,

while examining mediating and moderating effects.

3.2 Data Source: National Health and Nutrition Examination Survey 2007-2008

NAHNES is conducted by the National Center for Health Statistics (NCHS) and

is the leading population database for studying MetS.  The NHANES program began in

the early 1960’s and is designed to assess the health and nutritional status of adults and

children in the civilian, non-institutionalized U.S. population. The main objectives of

NHANES are to estimate the prevalence of major diseases and risk factors for these

diseases in the U.S. population and select subgroups; to analyze risk factors for selected
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disease; establish national standards for measurements including blood pressure and

height and weight; to monitor trends in prevalence, awareness, and treatment of selected

diseases; to analyze risk factors for selected disease; and to study the relationship

between diet, nutrition, and health (National Center for Health Statistics, 2007). Since

1971, NHANES was a periodic survey focusing on different population groups or health

topics until continuous data collection began in 1999.

NHANES combines interviews and physical examinations, which makes the

survey unique. A combination of data collection techniques are used to minimize error

and maximize reliability and validity. The interview includes demographic,

socioeconomic, dietary, and health-related questions. The sample person section of the

household interview was conducted using a computer assisted personal interview (CAPI)

methodology. The CAPI was conducted by a trained interviewer in the household in

either English or Spanish and lasted approximately one hour. The CAPI has built in

consistency checks and a NHANES field officer edits all interviews for accuracy and

completeness. Survey participants were contacted to validate interview responses. The

physical examination component consists of medical, dental, physiological

measurements, and laboratory tests depending on the participants’ age and gender. The

majority of the examinations were performed in mobile examination centers (MEC). The

MEC consists of four linked trailers conveniently located, which contain high-tech

medical equipment (National Center for Health Statistics, 2007).

NHANES survey uses a stratified, multistage probability sampling. The stages of

sample selection begin with selection of Primary Sampling Units (PSUs), which are

counties or small groups of contiguous counties depending on the population of the
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counties. Second, segments within the PSUs are selected, which are a cluster of

households in a block or a group of blocks (National Center for Health Statistics, 2009).

Third, the households within the segments are selected. Finally, one or more participants

within the households are randomly selected to participate in the study. A total of 15

PSUs are selected and visited during a twelve month time period (National Center for

Health Statistics, 2009).  Trained interviewers approached individuals within the selected

household and asked questions based on age, race/ethnicity, and gender. Once eligibility

was determined, the interviewer arranged an appointment with the participant for an in-

home interview. At the end of the in-home interview, an appointment for physical

examination in the MEC was made. All participants were given cash compensation, and

they are reimbursed for transportation and/or baby/elder care.

Each NHANES participant represents approximately 50,000 other U.S. residents.

The study design also includes a representative sample of these groups by age, sex, and

income level. To increase reliability and precision of health status indicator estimates,

NHANES 2007-2008 over-samples persons over 60, African Americans, low income

population, and the entire Hispanic population, not just Mexican Americans (National

Center for Health Statistics, 2009). The sample screened for 2007-2008 included 12,943

participants with 10,149 (78.4%) interviewed and 9,762 (75.4%) of subjects completed

the medical examination segment of the data collection process (National Center for

Heatlh Statistics, 2010). Data were collected between January 2007 and December 2008.

Data are available for public use and detailed information of the sample population for

this study are described in Table 3.1.



53

3.3  Study Eligibility Criteria

The sample of this study consisted of participants in NHANES 2007-2008 who:

1) completed the interview and medical examination; 2) were older than 20 years of age;

and 3) were not pregnant; 4) completed fasting laboratory tests. In NHANES 2007-2008,

among the participants who completed both the interview and examination (N=9,762),

6,917 were over 20 years of age. Out of those 6,917 participants, 330 women were

pregnant at the time of the interview and excluded from the study. The participants who

did not complete fasting laboratory tests were excluded yielding a final sample size of

2,583 participants.

3.4 Data Files and Questionnaires (Instruments)

3.4.1 Analytic data file formation

An analytical data file was created by collecting variables and scoring

questionnaires from 11 individual data files in NHANES 2007-2008. The NHANES data

files and codebooks were downloaded from the NHANES website. A detailed list of the

data file name, variable name, and unit of measure are in Table 3.1.

To create the data file, the investigator transferred the text data files to Statistical

Package for the Social Sciences 18 (SPSS 18) data format.  Second, the investigator

screened each of the data files for unused variables in the study and deleted those

variables in each data file.  Third, the investigator merged the different data files by

sequence number assigned to each participant to create the research data file for the study.

The data files for use in the study are available for public use and were merged using the

common survey participant identification number; variable name is ‘SEQN’.  The files do

not have the same number of records in each file, which can vary depending on age and
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gender for specific components. Therefore, merging the information from multiple data

files using the variable name ‘SEQN’ ensured the research has the appropriate data for

each participant. Lastly, the variables were recoded as needed to create the major study

variables. The recoding will be discussed in the description section of each file. Table 3.1

summarizes the individual files.

Table 3.1 The description of the data files for the study
Data File Interview

Setting
Eligible Sample in
NHANES

Demographic File
Demographic Variables and Sample
Weights

Home All

Questionnaire Files
Depression Screener MEC 12 years and older
Physical Activity Questionnaire Home 2 years and older
Smoking- Cigarette Use Questionnaire Home 12 years and older
Sleep Disorders Questionnaire Home 16 years and older

Examination Files
Waist Circumference Section of Body
Measures

MEC Target samples vary by
the body site

Blood Pressure Section of Physician’s
Examination

MEC 8 years and older

Dietary Interview-Total Nutrient
Intakes File

MEC All

Laboratory Files
HDL-Cholesterol MEC 6 years and older
Triglycerides and LDL-Cholesterol MEC 12 years and older
Plasma Fasting Glucose and Insulin MEC 12 years and older

Note. MEC= Mobile Examination Center; SP= Sample Person Questionnaire
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3.4.2 Demographic file

The NHANES demographic file provides the interview and MEC examination

status variable, two-year sample weights, and demographic variables including age,

gender race/ethnicity, education, marital status, pregnancy status for women, and poverty

income ratio. Age is measured in both years and months. Those participants older than 80

years of age were coded as 80 to protect their identity. Race/ethnicity is coded into five

different groups: Hispanic-Mexican American, other Hispanic, non-Hispanic White, non-

Hispanic Black, and other. Race was recoded as racial minority (1: Mexican American,

other Hispanic, non-Hispanic Black and other race) and non-Hispanic White (0: non-

Hispanic White) for data analysis purposes. Education was recoded into two groups less

than or equal to high school graduate (0: less than 9th Grade, 9-11th Grade, High School

Graduate/GED or Equivalent) and greater than higher school (1: some college or

associate’s degree, college graduate or above) for data analysis purposes. Marital status

was coded into 6 groups: married, widowed, divorced, separated, never married and

living with partner. Marital status was recoded as married (1: married or living with a

partner) or single (0: widowed, divorced, separated, never married) for data analysis

purposes.

For the income variable in the study, the poverty income ratio (PIR) was used

since it is the ratio of income to the family's appropriate poverty threshold (U.S. Census

Bureau, 2010). The U.S. Census Bureau uses income criteria that vary by family size and

composition to define poverty status.  If a family's total income is less than that family's

threshold income value, then that family, and every individual in it, is considered poor.

Thresholds are updated annually for inflation with the Consumer Price Index. The official
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poverty definition counts money income before taxes and excludes capital gains and non-

cash benefits (such as public housing, Medicaid, and food stamps). The PIR range from

0-5 and values below 1.00 are below the official poverty threshold. Values greater than

1.00 indicate income above the poverty level (U.S. Census Bureau, 2010) and values

greater than or equal to 5.00 are top coded as 5.00.

3.4.3 Questionnaire files

Depression Screener

The depression screener measures depression and its severity via the Patient

Health Questionnaire (PHQ-9). The PHQ-9 was derived from the Primary Care

Evaluation of Mental Disorders Brief Patient Health Questionnaire (PRIME-MD), which

evaluated 18 mental disorders divided into four groups (mood, anxiety, somatoform, and

alcohol).  The questions in the data file are self-reported assessment of the past 2 weeks,

based on nine DSM-IV signs and symptoms from depression. The participants are asked,

“Over the last 2 weeks, how often have you been bothered by the following problems:

feeling down, depressed, or hopeless?”; Over the last 2 weeks, how often have you been

bothered by the following problems: trouble falling or staying asleep, or sleeping too

much?”  The complete questionnaire is in Table 3.2. The nine symptom questions are

scored from “0” (not at all) to “3” (nearly every day) for a total possible score ranging

from 0-27. The last question is not used in the measurement of the severity of depressive

symptoms. For this study, the total score was used to measure the severity of depressive

symptoms of the participants in the NHANES 2007-2008.
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Table 3.2 The Patient Health Questionnaire

Over the last 2 weeks, how often have you
been bothered by any of the following
problems?

Not at
all

Several
days

More
than

half the
days

Nearly
every
day

1. Little interest of pleasure in doing things 0 1 2 3
2. Feeling down, depressed, or hopeless 0 1 2 3
3. Trouble falling or staying asleep, or

sleeping too much 0 1 2 3
4. Feeling tired or having little energy 0 1 2 3
5. Poor appetite or overeating 0 1 2 3
6. Feeling bad about yourself-or that you are

a failure or have let yourself or your
family down 0 1 2 3

7. Trouble concentrating on things, such as
reading the newspaper or watching
television 0 1 2 3

8. Moving or speaking so slowly that other
people could have noticed?  Or the
opposite--being so fidgety or restless that
you have been moving around a lot more
than usual 0 1 2 3

9. Thoughts that you would be better off
dead of hurting yourself in some way 0 1 2 3

10. If you checked off any problems, how
difficult have these problems made it for
you to do work, take care of things at
home, or get along with other people?

Not difficult at all _____
Somewhat difficult _____

Very difficult _____
Extremely difficult _____
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Physical Activity Questionnaire

The physical activity questionnaire is based on the Global Physical Activity

Questionnaire (GPAQ) including questions related to daily activities, leisure-time

activities, and sedentary activities.  In NHANES, daily activities were measured as the

frequency and duration of activities related to transportation, such as walking, bicycling,

and moderate tasks around yard and home. Leisure-activities were measured as the

frequency and duration of time spent participating in leisure-time physical activities of

moderate or vigorous activities. NHANES defined vigorous activities as requiring hard

physical effort causing large increases in breathing or heart rate for at least ten minutes

such as running or basketball. Moderate activities require moderate physical effort

causing a small increase in breathing or heart rate in such activities as brisk walking,

bicycling, swimming, or golf for at least 10 minutes continuously.  For this study,

physical activity was calculated using questions about the type of activity, frequency

(times per week), and duration ( minutes).  NHANES assigned a metabolic equivalent

(MET) value to each activity, which corresponds to the intensity of the activity.  The

METS value was multiplied by the duration (minutes) to obtain the METS/minute.  The

total MET (minute/week) was calculated by multiplying the MET/minute by the

frequency (days/week).  The following mathematical calculation was used: Total MET

(minutes/week) = intensity of activity (METSs) * duration (minutes) * frequency

(days/week).

Smoking Questionnaire

The smoking data file is comprehensive and provides data on cigarette use,

history of use, age at initiation, current use, past 30 day prevalence, amount, cigarette
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brand and other related details. For the study, the variable smoking was categorized.

Ideally, a smoker would be defined as the number of packs per year smoked. Due to

secondary data and missing data, the smoker variable would be best defined as packs per

year. A non-smoker was be defined by from two questions in the smoking- cigarette use

data file in NAHNES 2007-2008. The participants are asked, “Do you now smoke

cigarettes?” The participants were asked “Have you smoked at least 100 cigarettes in

your entire life?” A non-smoker was defined as never smoked cigarettes or smoked less

than 100 cigarettes in their entire life. A former smoker was defined as not smoking now

and smoked greater than 100 cigarettes in their entire life.  A current smoker was defined

as a smoking now and smoked greater than 100 cigarettes.

Sleep Disorder Questionnaire

The sleep disorder questionnaire data file contains information on sleep habits and

disorders.  The amount of sleep as measured as the number of hours a participant reports

sleeping at night, which can be determined from one question in the sleep data file.  The

participants were asked, “How much sleep do you usually get at night on weekdays or

workdays?”

3.4.4 Examination files

Body Measures

The body measures performed on the survey participants depends on their age.

The target variable in this study is waist circumference.  After a two-day training

program, health technicians measured the waist circumference in centimeters one inch

above the umbilicus. The Body Measures Procedures Manual includes detailed
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descriptions of the quality assurance and quality control measures that are used in

NHANES.

Dietary Interview-Total Nutrient Intakes File

The dietary interview component, called What We Eat in America (WWEIA), is

conducted as a partnership between the U.S. Department of Agriculture (USDA) and the

U.S. Department of Health and Human Services (DHHS).  The dietary Interview portion

of NHANES has a total of four files, two for individual foods (day one and day 2) and

two for total nutrient intake (day one and day two).  The total nutrient intake file includes

data on the types and amounts of foods and beverages (including all types of water)

consumed during the 24-hour period prior to the interview.  The file data provides an

estimate of intakes of energy, nutrients, and other food components from those foods and

beverages.  The first dietary recall interview is collected in-person in the Mobile

Examination Center (MEC) and the second interview is collected via telephone three to

ten days later.  For the study, the 24-hour estimated energy intake (kcal) was used as the

amount of diet intake obtained from the total nutrient intake day one data file.

3.4.5 Laboratory files

The NHANES quality control and quality assurance protocols meet the 1988

Clinical Laboratory Improvement Act (CLIA) mandates.  Detailed quality control and

quality assurance instructions are discussed in the NHANES Laboratory/Medical

Technologist Procedures Manual (LPM).

Plasma Fasting Glucose

The plasma fasting glucose blood specimens were processed, stored and shipped

to Fairview Medical Center Laboratory at the University of Minnesota, Minneapolis
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Minnesota for analysis.  The fasting glucose was measured in serum after a series of

enzymatic reactions. For the study, fasting glucose was measured in mg/dL.  The detailed

specimen collection and processing instructions are discussed in the NHANES LPM.

Triglycerides (Fasting)

Triglycerides are measured enzymatically in serum using a series of coupled

reactions. In NHANES 2007-2008, the Hitachi 717 and Hitachi 912 instruments for

serum analysis.  Blood specimens were processed, stored, and shipped to Johns Hopkins

Hospital, Baltimore, Maryland for analysis. For the study, Triglycerides was measured in

mg/dL.  Detailed specimen collection and processing instructions are discussed in the

NHANES LPM.

HDL-Cholesterol (Fasting)

In 2007-2008 the University of Minnesota performed the HDL Cholesterol testing,

which was a different facility than previous NHANES years.  The equipment used to

analyze the blood specimens for HDL cholesterol serum was the Roche Modular P

chemistry analyzer.  In NHANES 2007-2008, The University performed the HDL

cholesterol testing using a direct HDL cholesterol method similar to the direct HDL

method of 2005-2006.  For the study, direct HDL Cholesterol was measured in mg/dL.

Detailed specimen collection and processing instructions are discussed in the NHANES

LPM.

3.5 Weighting

NHANES 2007-2008 over-samples persons over 60, African Americans, low

income population, and the entire Hispanic population, not just Mexican Americans

(National Center for Health Statistics, 2009). Since NHANES is a complex sample
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survey including weighting methodology is required. NHANES provides 2 year sample

weights for survey 2007-2008 and they must be used to produce unbiased national

estimates. The survey weights account for the oversampling, survey non-response, and

post-stratification.  A sample weight is assigned to each person and allows representation

of the U.S. Census non-institutionalized civilian population.

3.6  Statistical Methods

3.6.1 Analysis Preparation

All statistical procedures were completed using the Statistical Package for Social

Sciences (SPSS, version 18.0, 2009, SPSS Inc, Chicago, IL) and the LISREL 8.8

(Joreskog & Sorbom, 2007). Using SPSS, the investigator examined the assumptions of

the path analysis (normality, multicollinearity, and linearity). Using SPSS, the

investigator examined the assumptions of the regressions (normality, homoscedasticity,

multicollinearity, and linearity).  Normality of distributions of each variable was

examined by analyzing skewness and kurtosis (Tabachnick & Fidell, 2001).  When

variables had extreme values, transformation techniques were used (Tabachnick & Fidell,

2001).  Univariate outliers were examined using the SPSS Explore outlier technique in

SPSS. Multivariate outliers were examined by Mahalanobis distance. To test

multicollinearity, bivariate correlations were used. If the correlations are greater than or

equal to 0.85, the variables were considered redundant (Kline, 2005) and either one

variable was included or a factor was created from the variables involved in the

multicollinearity. Linear relationships were assessed using the pattern of scatterplots

among pairs of observed variables to test linearity.
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Not only is the amount of missing data important, but also the patterns of missing

data are particularly essential to the interpretation of the statistical analysis (Tabachnick

& Fidell, 2001). Thus, amount and patterns of missing data were examined using the

Missing Value Analysis technique in SPSS 18.0 amount and patterns of missing data

were examined. NAHNES does not impute values for missing data. If the missing values

are in a random pattern for a large data set such as NHANES, the statistical rule of  up to

20% of the missing data could be imputed (Tabachnick & Fidell, 2001). With a large

dataset, cases were dropped maintaining sufficient power and sample size in statistically

analyses. Missing values were handled using multiple imputations only when necessary

after evaluating the missing value analyses. Using the Missing Value Analysis technique

in SPSS 18.0, patterns in the missing data were analyzed for each variable with at least

five percent of data missing (Tabachnick & Fidell, 2001). Additional analyses were

performed to compare analysis results with and without inclusion of observations with

imputed values. All inferential tests were conducted at the 0.05 level of significance.

Additional preparation for aim two. SPSS Complex Samples 18.0 was used to

perform logistic regression, which examined moderating variables and prediction models

for MetS. The SPSS Complex Samples is an additional software package in SPSS that

allows selecting a sample according to a complex design and incorporating the design

specifications into data analysis and ensuring the results are valid (SPSS Complex

Sample, version 18.0, 2009, SPSS Inc, Chicago, IL). A complex sample plan file was

created with sample weights and design variables (strata and cluster). SDMVPSU

(masked Variance Pseudo-PSU) and SDMVSTR (masked Variance Pseudo-Stratum)

were assigned in each case in NHANES data as design variables. The masked variance
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units or “MVUs” are included in the NHANES 2007-2008 demographics data file. The

MVUs are a collection of secondary sampling units that are aggregated into groups for

variance estimation.  NHANES produces the variance estimates using the masked strata

and MVUs to closely approximate the variances that would have been estimated using

the actual survey sample strata and primary sampling units (PSUs). Two-year weights

supplied by NHANES for the 2007-2008 survey was used for this study.  The variable,

SDMVPSU was used as a cluster variable and the variable; SDMVSTR was used as a

strata variable in order to account for complex sample design. This sample plan was used

in all complex sample analyses.

3.6.2 Aim 1 Procedures

Aim 1: To examine the hypothesized relationships among the biomedical factor,

biosocial factors, psychosocial factors, and MetS in adults by testing the hypothesized

path model.

LISREL 8.8 was used for path analysis, which tested the hypothesized path model

of the biopsychosocial factors associated with the presence of MetS. Like other available

software, Lisrel 8.8, currently limits the variables in complex sample features to

continuous variables when making this design adjustment. Samples weights and complex

samples analysis were unable to be used in the path analysis since the outcome variable,

MetS was dichotomous.

The model is identified when it is theoretically possible to obtain a unique

estimate of each parameter (Kline, 2005).  Also, according to Kline (2005), there must be

at least as many observations as free parameters (df ≥ 0).  For the study, the hypothesized

path model has a total of 51 free parameters and ample sample size to identify the model.
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The model fit was evaluated using various fit indices in Lisrel 8.8.  The most common

overall model fit that was used included the χ2 statistic, comparative fit index (CFI), and

root mean square error of approximation (RMSEA) (Kline, 2005). The closer to 0 the χ2

statistic the more perfect the model fit.  The comparative fit index (CFI) ranges from 0 to

1 and a CFI > .90 was used as the criterion for reasonably good fit of the model (Kline,

2005). The RMSEA is a population-based index that is insensitive to sample size. The

RMSEA provides an estimate of the average absolute discrepancy between the model

covariance estimates and the observed covariances.  A rule of thumb is that RMSEA

<0.05 means close approximate fit (Cheung, G. W., & Rensvold, R. B., 2002). Finally,

the model was modified and manipulated by deleting and adding paths one at a time and

testing the model fit each time until the most parsimonious model was achieved.

3.6.3 Aim 2 Procedures

Aim 2: To explore the mediating and moderating effects of the biomedical, biosocial, and

psychosocial factors to identify a parsimonious model to predict MetS.

Research aim 2 identified a parsimonious model of MetS in the conceptual model

including mediator and moderator affects of the biomedical, biosocial, and psychosocial

variables in the association among themselves and MetS. Logistic regression was used to

identify a parsimonious model predicting the likelihood of metabolic syndrome, a

dichotomous outcome. The analyses for aim two was conducted using the complex

samples module of SPSS.  First, separate regressions with each individual predictor (age,

gender, depressive symptoms, sleep, etc) were analyzed to examine its contribution to the

outcome without controlling for any other variables.  Dummy variables were used for

dichotomous predictor variables. Second, separate regressions were analyzed with each
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set of predictors (biosocial, biomedical, and psychosocial). Third, hierarchal regressions

were analyzed and depended on the results of previous regressions. For example, after

controlling for age and gender in first block, does the addition of depressive symptoms in

the second block add to the prediction of the outcome variable?

Fourth, mediation and moderation were analyzed. Biomedical factor (age),

biosocial factors (gender, race, education, income, and marital status), and psychosocial

factors (physical activity, diet intake, smoking, and sleep) mediate and moderate

associations among themselves and MetS. A moderator is a qualitative or quantitative

variable that affects the direction and/or strength of the relationship between an

independent or predictor variable and a dependent variable or outcome variable (Baron &

Kenny, 1986). Using the complex sample module of SPSS, a series of regressions (linear

and logistic regression) were used to examine the interaction variable between a predictor

variable and an outcome variable.  The model diagrammed in Figure 3.1 and 3.2 show the

causal path feed into the outcome variable. The moderator hypotheses were supported if

the interaction (path c) is significant. The mediator hypotheses were significant if the

product term of the a and b parameter is significant. There may also be significant main

effects for the predictor and the moderator, but these are not directly relevant

conceptually to testing the moderator hypothesis (Baron & Kenny, 1986).
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Figure 3.1: Model for testing mediation

a                                                                            b

c’

Figure 3.2: Model for testing moderation
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Finally, all the predictors were entered into the model simultaneously and any

mediating or moderating effects that were discovered thus far and examine the

contributions to the outcome. The variables that are not predictors at p < .20 and are not

involved in the mediating or moderating relationship at p < .20 were removed from the

analysis.  The regression was analyzed again in an iterative process while examining the
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variance explained in each analysis.  The process continued until the most parsimonious

model is achieved that does not significantly decrease the variability explained.

3.7 Sample Size/Power Analysis

Path analysis was used to test Aim one of the study. According to Kline (2005),

larger samples have less sampling error than smaller samples when using path analysis to

test a hypothesized path model. Sample size is affected by many other contributing

factors including the number of parameters and type of estimation algorithm (Kline,

2005). Generally, for a path analysis, a sample size less than 100 is considered “small,”

between 100 and 200 “medium,” and more than 200 “large” and more than 200 may be

required by a complex path model (Kline, 2005). Although there are no absolute

standards regarding the relationship between sample size and the number of parameters, a

realistic goal is to bring the ratio of the number of cases to the number of free parameters

to 10:1.  The hypothesized path model has 12 variables and 51 free parameters.  Using a

minimum 10:1 ratio, the minimum sample size is 510.  For the study, NHANES 2007-

2008 had 2,583 subjects. There was more than adequate power of the path analysis.

Regression was used to test aim two, which identified a parsimonious model for

MetS.  For logistic regression, the number of cases in the smallest outcome group

determines power and required sample size. Based in population estimates,

approximately 35% of the NHANES 2007-2008 sample (n = 2305) are expected to have

MetS. With fifteen cases in the smallest outcome group per predictor, the power would be

adequate for up to 153 predictors. The analysis to address the MetS outcome

(dichotomous) included eleven predictors. Thus, there was ample power and sample size.
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3.8 Human Subjects Protection

There were no human subject concerns in this study. Secondary data analysis was

used with data supplied in a de-identified public use format so that respondents cannot be

identified. Women are represented in the NHANES data in proportion to the United

States population and children were not included in the study since the focus of the study

is adults. University of Maryland IRB determined the study does not require IRB review

since the study does not involve human subject research (See appendix A).

3.9 Definitions of Terms

The theoretical/operational definitions for the variables in the study included

predictor (Independent) variables: biomedical, biosocial, and psychosocial factors and the

outcome (Dependent) variable is MetS. For review, the variables are outlines with their

values are outlined in Table 3.3.

Independent Variables

The independent variables comprised of the constructs of biomedical factor (age),

biosocial factors (gender, race/ethnicity, education, marital status, and income) and

psychosocial factors (depressive symptoms, diet intake, physical activity, smoking, and

sleep).

Biomedical factors

Age is the length of time one has existed. Age is defined as the best estimation in years at

the time of the screening interview.  All participants 80 years of age or older are top

coded as 80 due to the disclosure risk.

Biosocial factors

Gender is the sexual identity and is classified as male or female.
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Race/Ethnicity is a category that an individual shares distinctive physical traits. Race is

based on the respondents’ description of their racial/ethnic characteristics. NHANES

created categories based on survey responses and Hispanic origin; Mexican American,

other Hispanic, non-Hispanic White, non-Hispanic Black, and other race, which includes

multi-racial. Race/ethnicity was recoded as racial minority and non-Hispanic White for

data analysis.

Education was defined as the highest grade or level of education completed at time of the

interview. Education was be recoded as less than or equal to completing high school or

GED and beyond high school for data analysis.

Marital Status was based on the individual’s description of their marital status. This

variable is categorized as married, widowed, divorced, separated, never married, living

with a partner. Marital status was recoded into married or living with a partner and single

for data purposes.

Income was defined as the poverty income ratio (PIR), which is the ratio of family

income to family size living in the household. The PIR is based on the family size and

family income using tables published by the Census Bureau annually. Income was

recoded into five groups. The lowest income group had a PIR = 0-1.30, the second lowest

income group had a PIR = 1.31-2.35, the middle income group had a PIR = 2.36- 3.85,

the second highest income group had a PIR = 3.86-4.99, and the highest income group

had a PIR greater than equal to 5.00.

Psychosocial factors

Depressive Symptoms are a reflection of the severity of depressing symptoms including

appetite changes, weight changes, and altered sleep. Depressive symptoms encompass
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sub-clinical depression, which is below the threshold to diagnose clinical depression. In

NHANES 2007-2008, depressive symptoms are measured using the Patient Health

questionnaire (PHQ-9), which is a version of the Prime-MD diagnostic instrument. The

self-reported questions pertain to the past two weeks and are based on the nine Diagnostic

and Statistical Manual of Mental Disorders (DSM-IV) signs and symptoms of depression.

The responses are scored from “0” (not at all) to “3” (nearly every day) for a range of 0-

27 (Kroenke et al., 2001). A final follow-up question assesses the overall impairment of

the depressive symptom, which is outlined in Table 3.2.

Physical Activity was defined as the daily average physical activity including daily

activities, leisure time activities, and sedentary activities. Activity was calculated by

multiplying the NHANES supplied MET for each activity by the duration (minutes) and

frequency (days per week). Physical activity was recoded into a dichotomous variable.

using a cut point of 1,440 METS/week. A high physical activity level was defined as

individuals who were physical activity greater than 1,440 METS/week. A low physical

activity level was defined as individuals who were physical activity less than 1,439

METS/week.

Dietary Intake was defined as the total energy intake (Kcal/day) obtained from the 24-

hour dietary recall interview, which is used to estimate types and amounts of food and

beverages consumed during the 24-hour period prior to the interview.

Smoking was defined as a current smoker, former smoker and non-smoker.  A current

smoker is a participant who currently smokes cigarettes and has smoked more than 100

cigarettes in their entire lifetime. A former smoker is a participant who does not currently

smoke and has smoked more than 100 cigarettes in their entire lifetime. A non-smoker is
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a participant that does not currently smoke and has smoked less than 100 cigarettes in

their entire lifetime.

Sleep was defined as how much sleep a participant receives a night on weekdays or

workdays. Sleep was measured in hours and top coded at 12.

Dependent Variable

The dependent variable in the study is MetS.

Metabolic syndrome

Metabolic syndrome is comprised of physiological measures of obesity, insulin

resistance, high-density lipoprotein (HDL) cholesterol, triglycerides, and hypertension.

Since its conception in 1988, the defining criteria of the construct MetS has evolved. The

World Health Organization, National Cholesterol Education Program’s Adult Treatment

Panel III and International Diabetes Federation are the most commonly cited definitions

in the literature and table 3.4 summaries their differences.  In this study, MetS was

defined using the National Cholesterol Education Program’s Adult Treatment Panel III

(NCEP-ATP III) diagnostic criteria with the 2001 established cutoff points for the above

five risk factors.  The study participant may have any combination of the three or more

factors defined by the NCEP-ATP III criteria. The five criteria were measured using the

questionnaire, laboratory and examination files in the NHANES and are dichotomized

based on the definition’s thresholds: Obesity was measured using waist circumference,

blood pressure was defined by averaging the three blood pressure readings of each

participant.
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Table 3.3 The description of the variables in the study
Concept Operation Definitions Data Type

Age Age in years at the time of screening Continuous

Gender Self-reported sexual identity Dichotomous

Race Self description of racial background Dichotomous

Education Highest grade or level of school completed Dichotomous

Income Poverty income ratio (PIR)- a ratio of family
income

Ordinal

Marital Status Self description of marital status Dichotomous

Depressive
Symptoms

Level of severity of depressive symptoms as
scored on the PHQ-9*

Continuous

Physical
Activity

Average physical activity during the past week Dichotomous

Diet Intake Total calorie intake obtained from a 24 hour
dietary recall interview

Continuous

Smoking Currently smokes cigarettes or  smoked >100
cigarettes in their entire life

Categorical

Sleep Number of hours slept at night on weekdays or
workdays

Continuous

Metabolic
Syndrome

NCEP-ATP III** criteria that is defined as
having 3 of the five factors: obesity, insulin
resistance, high-density lipoprotein (HDL)
cholesterol, triglycerides, and hypertension

Dichotomous

*PHQ-9 = Patient Health Questionnaire 9
**NCEP-ATP III = National Cholesterol Education Program’s Adult Treatment
Panel III, 2001 version
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Table 3.4 The Defining Criteria and Evolution of Metabolic Syndrome
WHO-1998 NCEP

ATP III-2001
IDF-2005 rNCEP

ATP III-2005
Syndrome

Name
Metabolic
Syndrome

Metabolic
Syndrome

Metabolic
Syndrome

Metabolic
Syndrome

Obesity BMI ≥30 kg/m2
&/or waist-to-hip
ratio of >0.90 in
men & <0.85 in

women

WC >102cm
(>40in) in men &
>88cm (>35in) in

women

Ethnic-group WC
(See Key*)

WC ≥ 102 cm in
men or ≥88 cm in

women

Blood
Pressure

Antihypertensive
medication

and/or
≥140/90 mmHg

≥130/ ≥85 mmHg ≥130/ ≥85 mmHg
or previous

hypertension DX

≥ 130 systolic or
≥ 85 diastolic or
antihypertensive

medication
Glucose IGT, IFG, or

Type 2 Diabetes
>110 mg/dL

(includes
diabetes)

≥ 110 mg/dL or
previous Type 2

Diabetes DX

>100 mg/dL or
drug TX for

elevated glucose
Triglycerides ≥150 mg/dL ≥150 mg/dL ≥150 mg/dL in

men or TX for
lipid abnormality

≥ 150 mg/dL or
medication for
elevated
triglycerides

HDL
Cholesterol

<35 mg/dL in
men
or <39 mg/dL in
women

<40 mg/dL in
men or <50
mg/dL in women

<40 mg/dL in
men or <50
mg/dL in women
or TX of low
HDL-C

<40 mg/dL in
men or <50
mg/dL in women
or TX of reduced
HDL-C

Criteria for
Diagnosis

Insulin
Resistance plus 2
of 5 other factors

3 of 5 factors Central Obesity
plus 2 or more
factors

Any 3 of 5

Table 1 Key

Obesity: BMI= body mass index; WC= waist Circumference; DX = diagnosis; TX = treatment

WHO Insulin Resistance Definition: Type 2 Diabetes - Fasting plasma venous glucose >6.1mmolL or
2-hour post-glucose load plasma venous glucose > 11.1mmol/L; Impaired glucose tolerance- Two hours
post-glucose load plasma venous glucose > 7.8mmol/L; Impaired fasting Glucose- highest quartile
fasting insulin or homeostasis model assessment score for specific population; Normal fasting glucose
levels (<110mg/dL) a glucose uptake below lowest quartile for specific population under
hyperinsulinemic, euglycemic conditions

International Diabetes Federation (IDF) Ethnic-group waist circumference thresholds: Europids
(European origin living in the Americas and Europe): ≥ 94 cm in men or ≥ 80 cm in women; Asian
(except for Japanese): ≥ 90 in men or ≥ 80 in women; Japanese: ≥ 85 in men or ≥ 90 in women
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3.10 Limitations and Strengths

The study used secondary data to analyze the hypotheses, hence; the investigator

was unable to control variable definition, measurement, data collection and other crucial

aspects of design. Subjects with a history of physiological disorders including depression

and/or psychosis could potentially be included in the analyses since NHANES does not

collect data on such conditions. The cross-section design limits the investigator’s ability

to determine causality, especially between the proposed bi-directional relationship of

MetS and depressive symptoms. Even with a national database, the entire

Biopsychosocial Model of MetS was unable to be tested since data were not available

including the physiological response of the hypothalamic pituitary adrenal and

sympathetic adrenal medullay systems. MetS lacks a standard definition, which yields

varying prevalence rates making comparison of the results challenging. This study used

the most widely cited definition to allow for the greatest comparisons. The study findings

are only able to provide evidence towards to associations between the variables.

Despite the limitations of this study, the strengths outweigh the limitations of the

study. Using an existing national database, this study has the advantage of providing the

researcher with access to a representative sample rather than a convenience sample. The

database was comprehensive including questionnaires and physical examinations.

NHANES include meticulous questionnaire development, data collection procedures, and

data management and quality assurance measures.  Finally, this study is the first to

examine the relative contributions of biopsychosocial factors to MetS simultaneously

within the conceptual model, “The Biopsychosocial Model of MetS among U.S. Adults”.



76

3.11 Summary

In Chapter three, research design, data source, sample selection, and data files

were described. A cross-sectional descriptive design was used for a secondary data

analysis using NHANES 2007-2008. Twelve data files were merged to create an

analytical data file. Appendix B describes the variables in each data file. There was a

sufficient sample size of 2,583 participants who were over 20 years of age and not

pregnant at the time of the interview. A path analysis was generated using Lisrel 8.8.

General linear model and logistic regression analyses examined moderating variables and

parsimonious models for predicting outcomes using SPSS Complex Samples 18.0.
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CHAPTER 4: RESULTS

Chapter Four describes this sample and presents the results in six sections: 1)

description of the sample; 2) descriptive statistics for each major study variable; 3)

comparison of those with MetS and without MetS in NHANES; 4) data cleaning and

screening; 5) path analysis of the model to address aim 1; and 6) logistic regression

models to test aim 2, including additional mediation and moderation analyses.

4.1 Description of Sample and Study Variables

Data for the study were obtained from the NHANES 2007-2008 public access

data files. NAHNES 2007-2008 includes 12,943 participants. Of that total, 9,762

participants completed the interview and the medical examination. Of those who

completed both the interview and medical examination portion with fasting laboratory

results, 2,583 participants met the eligibility criteria for the study: older than 20 years of

age, not pregnant at time of medical examination, and had morning fasting serum labs

results. The 2,583 participants represent 212 million (2.121x 108) non-institutionalized

adults living in the United States. The frequencies, percentages, mean, and standard

errors of demographic descriptors of the sample are presented in Table 4.1 and the

population represented based on complex samples analysis are presented in Table 4.2.

The biomedical variable described in the study was age. Means and frequencies

were obtained using non-weighted statistics and weighted statistics via complex samples

analysis to describe the participants. The mean age of the participants was 49.91 when

using complex samples analyses (51.5 years, un-weighted). The biosocial factors

assessed in the current study were income, gender, race/ethnicity, education, and marital

status. The family poverty income ratio ranges from 0-5 and the complex samples



78

analysis mean was 3.07 (.09) (2.54 and standard error 1.6, un-weighted mean). Fifty-one

percent of the participants were female (51.2% weighted) and almost three quarters of the

participants were non-Hispanic white (70.2% weighted). Fifty-five percent graduated

high school (44.2% weighted) and sixty percent were married or living with a partner

(64.3% weighted).
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Table 4.1 Description of biomedical and biosocial factors for the NHANES 2007-2008
for the participants over 20 years of age, not pregnant and completed fasting laboratory
examination (N=2583)

Frequency (%) Mean (Std. error) Range
Age 51.15 (.348) 20-80
Family Income (PIR)* 2.54 (.033) 0-5

Gender
Male 1286 (49.8)
Female 1297 (50.2)

Race
Non-Hispanic White 1241 (48)
Non-Hispanic Black 498 (19.3)
Mexican American 448 (17.3)
Other Hispanic 296 (11.5)
Other Race- includes Multi-Racial 100 (3.9)

Education
Less than 9th grade 342 (13.2)
9-11th grade 451 (17.5)
High school grad/GED 636 (24.6)
Some College or AA Degree 635 (24.6)
College Graduate or Above 516 (20.0)

Marital Status
Married 1378 (53.3)
Living with a Partner 173( 6.7)
Divorced 292 (11.3)
Widowed 234 (9.1)
Separated 102 (3.9)
Never Married 404 (15.6)

Note. Results are raw data with no weighting or complex sampling plan; PIR= poverty
income ratio with 225 missing data
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Table 4.2 Description of the biomedical and biosocial factors for the population
represented by the NHANES 2007-2008 participants over 20 years of age, not pregnant
and completed fasting laboratory examination (N=2.121x108)

Frequency
Estimate (%)

Range Mean
Estimate

(Std. Error)

95% CI

Age 20-80 46.91 (.60) 45.64-48.17
Family Income (PIR) 0-5 3.07 (.09) 2.89-3.25
Gender

Male 1.036 x 108 (48.8)
Female 1.085 x 108 (51.2)

Race
Non-Hispanic
White

1.489x108 (70.2)

Racial Minority 6.320x107 (29.8)
Education

< high school 9.381x 107 (44.2)
> High school 1.182x108 (55.8)

Marital Status
Single 7.579 x 107 (35.7)
Married or Living
with a Partner

1.363x108 (64.3)

Note. Complex samples analysis used; PIR= poverty income ratio with 225 missing data

Psychosocial factors assessed in the current study include depressive symptoms,

diet, physical activity, sleep, and smoking. The frequencies, range, weighted means and

standard errors of the psychosocial factors and the dependent variable based on complex

samples analyses are presented in Table 4.3. Depressive symptoms were measured using

the Patient Health Questionnaire (PHQ-9). Scores on the PHQ-9 ranged from 0-27. The

more severe the participants’ symptoms of depression the higher the PHQ-9 score. The

depressive symptoms score had a floor effect with a weighted mean of 3.0.

Physical activity, measured by the average daily total metabolic equivalent

(METS)-weighted minutes spent performing moderate-to-vigorous activities during work

and recreational time in a week.  The weighted total METS per week ranged from 0-

55,440 and the weighted mean of physical activity was 4,146 MET weighted

minutes/week. Sleep was measured as the number of hours slept on the weekdays and
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workdays. The number of hours slept ranged from 3-12 and the weighted mean was 6.83

hours of sleep per night. Diet was measured as the number of calories consumed from a

24 hour dietary recall interview, which ranged from 18-12,823 kcal/day. The weighted

mean total calorie/day was 2,151 kcal/day.

Smoking was assessed during the interview portion of NHANES. A former

smoker was defined as a participant who does not currently smoke cigarettes at time of

the interview, but has smoked more than 100 cigarettes in his/her entire life.

Approximately one-quarter of the participants were former smokers (24.7% weighted)

and just over fifty percent never smoked (54.1% weighted).

Table 4.3 Description of the psychosocial factors of the Biopsychosocial Model for the
participants who were over 20 years of age, not pregnant and completed fasting
laboratory examination in NHANES 2007-2008

Population
Size

Frequency
Estimate (%)

Range Mean
Estimate

(Std.
Error)

95% CI

Depressive
Symptoms

1.994x108 0-27 3.00 (.16) 2.67-3.33

Physical Activity
(METS per week)

2.115x108 0-55440 4146.05
(208.35)

3704.37-
4587.73

Sleep (hours per
night)

2.120x108 1-12 6.82 (.06) 6.70-6.94

Diet Intake
(calories per day)

2.060x108 18-
12823

2151.63
(38.82)

2069.32-
2233.93

Smoking 2.118x108

Non-Smoker 1.145x108

(54.1)
Former Smoker 5.224 x 107

(24.7)
Current Smoker 4.505 x 107

(21.3)
Note. Complex samples analysis was used; METS = metabolic equivalent
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More than 61 million (6.101 x 107) people represented by the participants met the

criteria for MetS.  Table 4.4 describes the number of components present in the sample

and Table 4.5 describes the components of MetS present in the sample. The weighted

mean waist circumference was 97.50 and ranged from 59.1-165.8cm. Male participants

had a higher weighted mean waist circumference (100.58) as compared to female

participants (94.51). The NCEP-APTIII criterion for elevated waist circumference is

above 102 cm for males and above 88 cm for females. More than half of the participants

(52.6%, weighted) met the elevated waist circumference criterion. The weighted mean

systolic blood pressure was 121.98 mmHg and diastolic blood pressure was 70.40 mmHg.

Only one-fifth (20.8%) of the participants met the MetS criteria for elevated blood

pressure.

Triglycerides and glucose were measured after participants had fasted for twelve

hours. HDL Cholesterol was not a fasting lab result. The weighted mean of triglycerides

was 134.46 mg/dL and ranged from 14-2549 mg/dL. Almost 30% of the participants

meet the elevated triglyceride criteria (> 150mg/dL) for MetS. Glucose ranged from 38-

584 and the weighted mean was 106.44. Almost one-quarter of the participants (24%,

weighted) had elevated glucose (> 110mg/dL) meeting the criteria for MetS. HDL ranged

from 13-148mg/dL. Females had a higher weighted mean HDL level than males (58.46

mg/dL and 47.95 mg/dL, respectively). Seventy-one percent of the participants (males

and females) had a low HDL-cholesterol level (<40 mg/dL in men or <50 mg/dL in

women) meeting the criteria for MetS.
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Table 4.4 Description of the number of components of MetS according to the NCEP-
ATP III (2001) for the NHANES 2007-2008 participants over 20 years of age, not
pregnant and who completed fasting laboratory examination (N=2.212 x 108)

Frequency Estimate (%)
Metabolic Syndrome (MetS)

Met the criteria for (MetS) 6.101x107 (28.8)
Did not meet the criteria for MetS 1.511x 108 (71.2)

Number of Components of MetS
0 Components of MetS 1.009x107 (4.8%)
1 Component of MetS 7.190 x107 (33.9%)
2 Components of MetS 6.906 x107 (32.6%)
3 Components of MetS 4.155 x107 (19.6%)
4 Components of MetS 1.624 x107 (7.7%)
5 Components of MetS 3,214,598.871 (1.5%)

Note. Complex samples analysis was used
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Table 4.5 Description of the defining components of MetS according to the NCEP-ATP
III (2001) for the NHANES 2007-2008 participants over 20 years of age, not pregnant
and who completed fasting laboratory examination (N=2.212 x 108)

Population
Size

Frequency
Estimate (%)

Mean
Estimate

(Std. Error)

Range

Waist Circumference (WC) 2.046X 108 97.50 (.48) 59-1668
Met WC criteria 1.076x 108 (52.6)
Did not meet WC criteria 9.697x 107 (47.4)

Blood Pressure
Systolic Blood Pressure 2.058x 108 121.98(.52) 78-230
Diastolic Blood Pressure 2.047 x 108 70.40 (.41) 10-114
Meet the HTN* criteria 4.284x 107 (20.8)
Did not meet HTN criteria 1.630x 108 (79.2)

Triglyceride-mg/dL 2.121x 108 134.46(2.56) 14-2549
Meet elevated triglyceride
criteria

6.298x 107 (29.7)

Did not elevated triglyceride
criteria

1.491x 108 (70.3)

Fasting Glucose-mg/dL 2.121x 108 106.44 (.72) 38-584
Meet elevated glucose criteria 5.092x 107 (24)
Did not meet elevated glucose
criteria

1.611x 108 (76)

HDL Cholesterol-mg/dL 2.121x 108 53.33 (.58) 13-135
Meet elevated HDL
cholesterol criteria

1.514x 108 (71.4)

Did not meet elevated HDL
cholesterol criteria

6.069x 107 (28.6)

Note. * HTN is hypertension; HDL = high density lipoprotein; HDL male mean- 47.95 (.55);
HDL female mean- 58.46 (.77); WC male-mean 100.58 (.64) female- mean 94.51 (.61); Complex
samples was used
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4.2 Comparison of Main Study Variables to Participants without Fasting Labs

The main variables of the study from the participants with laboratory data were

compared to those of participants without fasting labs in NHANES 2007-2008 who met

the same eligibility criteria for the study sample (older than 20 years of age and not

pregnant n=3067). This comparison assessed how well the sample represented the entire

population of non-institutionalized individuals over 20 years old and not pregnant in the

U.S. The variables were compared using a complex sample crosstab with Pearson r and

Chi-square statistics. Table 4.6 and Table 4.7 describe the differences in the main

variables of the study between NHANES 2007-2008 participants with fasting labs and

those without fasting labs.

There were significantly more current smokers among those participants without

fasting labs as seen in Table 4.6. Forty-nine percent of the participants without fasting

labs currently smoked cigarettes whereas 21% of the participants who had fasting labs

currently smoked cigarettes. Gender, race, education, and marital status were not

significantly different for the participants with and without fasting labs. As presented in

Table 4.7, the weighted mean values for age, family income, depressive symptoms, and

sleep were not significantly different between participants with fasting labs and

participants without fasting labs.

Diet intake was significantly different among those with and without fasting labs.

The participants with fasting labs had a significantly lower weighted mean value of daily

caloric intake (2151.63) than those without fasting labs (2562.24). There was a

significant difference in activity levels between the participants with fasting labs and the
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participants without fasting labs (p=.028). Those with fasting labs had higher activity

level.

Table 4.6 Comparison of the major study variables between NHANES 2007-2008
participants who completed the fasting laboratory examination and those who do not
complete the fasting laboratory examination of the participants over 20 years of age and
not pregnant

Participants
With Labs

Participants Without
Labs

Frequency Estimate (%) Frequency Estimate (%) p value
Gender .990

Male 1.036 x108 (48.8) 469112.11 (49.1)
Female 1.085 x108 (51.2) 486453.69 (50.9)

Race .661
Non-Hispanic White 1.489x108 (70.2) 599372.93 (62.7)
Racial Minority 6.320x107 (29.8) 356192.87 (37.3)

Education .720
< high school 9.381 x107 (44.2) 347490.51 (36.4)
> High school 1.182x108 (55.8) 608075.28 (63.6)

Marital Status .165
Single 7.579 x 107 (35.7) 147320.49 (15.4)
Married or Living
with a Partner

1.363x108 (64.3) 808245.30 (84.6)

Smoking
Non-Smoker 1.145x108 (54.1) 172231.12 (18) .037
Former Smoker 5.224x 107 (24.7) 316335.14 (33.1)

Current Smoker 4.505x 107 (21.3) 466999.54 (48.9)
Note. Complex samples χ2 analysis
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Table 4.7 Comparison of means for the major study variables between NHANES 2007-
2008 participants who completed the fasting laboratory examination and those who do
not for those participants over 20 years of age and not pregnant

With labs Without Labs
Population

Size
Mean

Estimate
(Std. Error)

Population Mean
Estimate

(Std. Error)

P

Age 2.121x 108 46.91 (.60) 955565.795 49.05 (2.83) .691
Family Income (PIR) 1.997x108 3.07 (.09) 859546.083 3.04  (.66) .877
Depressive Symptoms 1.994x108 3.00 (.16) 849902.153 3.14 (1.18) .501
Diet Intake 2.060x108 2151.63

(38.82)
852130.950 2562.24

(838.00)
.000

Physical Activity
(METS per week)

2.115108 4146.05
(208.35)

955565.795 4195.54
(2362.57)

.028

Sleep (hrs/night) 2.121x108 6.84 (.06) 955565.795 5.93 (.41) .215
Note. Complex samples used

4.3 Data Screening

Data screening was conducted using statistical package SPSS version 18 and

Lisrel 8.8 prior to testing the proposed models. Assumptions required for path analysis

and logistic regression were examined.

4.3.1 Missing data

Missing data were analyzed using the Missing Value Analysis (MVA) module in

SPSS 18.0. A total of 18 variables were included in the analytic data file. The percentage

of missing data for ten variables was zero. Four of the variables had missing data was less

than five percent. Two of the variables had missing data of less than nine percent (Table

4.8). Of the 2,583 subjects in the study sample, 2,044 cases (79.1%) had no missing data

for all of the variables. Separate variance t-test were conducted to test the difference of

means between two groups defined by a missing indicator variable for each of the other

variables. In this study, the missing indicator variables were family income and

depressive symptoms since 5% of data were missing from these variables. The subjects
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who failed to report family income measured by poverty income ratio were older,

Hispanic ethnicity, completed less than the ninth grade of high school, and reported their

marital status as separated. The subjects who failed to report depressive symptoms had a

lower family poverty income ratio, consumed less calories per day, a lower waist

circumference, female, widowed, and completed less than a ninth grade education. The

result of Little MCAR indicated that the missing values were not completely at random

due to the rejection of the null hypothesis (p=.001). The evidence suggests that data were

missing at random, but not missing completely at random.

Table 4.8 Missing Data Analysis
Variable N Mean Std.

Deviation
Missing N % Missing

Age 2583 51.15 17.68 0 0
Income 2358 2.54 1.60 225 8.7
Depressive Symptoms 2372 3.21 4.27 211 8.2
Diet Intake 2479 2034.07 997.53 104 4
Physical Activity 2575 3852.39 6813.45 8 0.3
Sleep 2582 6.79 1.487 1 0
Waist Circumference 2459 98.55 15.26 124 4.8
Systolic Blood Pressure 2475 125.80 19.97 107 4.1
Diastolic Blood Pressure 2461 70.16 12.07 122 4.7
HDL Cholesterol 2583 53.36 15.66 0 0
Fasting Glucose 2583 112.00 40.945 0 0
Fasting Triglycerides 2583 139.84 118.99 0 0
Metabolic Syndrome 2583 0 0
Smoking 2579 4 2
Gender 2583 0 0
Marital Status 2583 0 0
Race 2583 0 0
Education 2583 0 0
Note: The results of the missing data analysis does not account for sample weights and
complex samples
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4.3.2 Outliers

Univariate outliers were examined using box plots. Three of the study variables

(sleep, diet intake, and physical activity) had extreme outliers defined as the absolute

values greater than three standard deviations beyond the mean (Kline, 2005). The ranges

of each variable were examined to confirm data entry error. The ID Case number 377

reported calorie intake in 24 hours was 12,823. This outlier was winsorized to one more

than the next highest case, which was ID case number 2063 reporting 8069 calorie intake

in 24 hours. Participants reported sleeping one to twelve hours on weekdays or workdays.

Sleep was bottom coded at 3 hours of sleep per night, which affected only 14 cases (0.5%

of the participants). Physical activity had 8 cases that reported extremely high METS per

minute in a week greater than the 75% percentile. When examining the data entry, 5 of

the eights cases reported the same amount of activity vigorous work activity and

moderate work activity. This double entry resulted in some participants engaged in

physical activity for 24 hours. For example, case number 5361 reported 660 minutes of

vigorous work activity seven days a week and 660 minutes of moderate work activity

seven days a week, which is 22 hours of intense physical activity. Therefore, the variable

physical activity was winsorized to one greater than 4,440 (75th percentile) METS/ week

for these cases.

4.3.3 Normality

Complex samples analysis logistic regression assumes normal distributions for

continuous variables. Univariate normality was examined using histograms with normal

curve, skewness, and kurtosis. Positive skewness was evident in depressive symptoms,

diet intake, and physical activity. Natural log transformations were used for depressive
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symptoms and physical activity. A square root transformation was used for the positive

skewness of diet intake. After transformation, skewness of each variable decreased to

acceptable levels as presented in Table 4.9.

Table 4.9 Skewness and Kurtosis of study variables from NHANES 2007-2008 requiring
transformation: before and after transformation

Before Transformation After Transformation
Variable Skewness (SE) Kurtosis (SE) Skewness (SE) Kurtosis (SE)

Depressive Symptomsb 2.126 (.000) 5.369 (.000) .339 (.000) -.876 (.000)
Diet Intakea 1.103 (.000) 1.952 (.000) .361 (.000) .358 (.000)
Physical Activityb 2.777 (.000) 9.088 (.000) -.908 (.000) -.664 (.000)
Note. Results using fasting MEC laboratory weights; a square root transformed; b log
transformed; Diet and activity are winsorized.

4.3.4 Multicollinearity

Bivariate multicolinearity was inspected by examining a correlation matrix of

individual variables included in the model (Table 4.10).  Using complex samples

analysis, the sample size was 2 billion and SPSS would not calculate nonparametric

testing. Therefore, the Pearson’s r correlation matrix was created for all study variables.

The findings indicated that there was no bivariate multicolinearity defined by bivariate

correlations > .85 (Kline, 2005).

4.3.5 Linearity and Homoscedasticity

Linearity was examined using scatterplots. They revealed income and physical

activity required transformation. Income was recoded to an ordinal variable with five

groups for each 20 percentile level. Physical activity was recoded into a dichotomous

variable using a 50% cut point of 1,440 METS/week. A high level of physical activity

was assigned a (1) and a low level of physical activity was assigned a (0).
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Table 4.10  Correlation matrix of the study variables

Variable 1 2 3 4 5 6 7 8 9 10 11 12

1. Age 1

2. Income .048 1

3. Depressive
Symptoms -.023 -.169 1

4. Diet Intake -.257 .141 -.054 1

5. Physical
Activity -.299 .127 -.171 .207 1

6. Sleep .026 .051 -.183 -.017 -.029 1

7. Gender -.063 .073 -.187 .402 .182 -.055 1

8. Race /
Ethnicity -.169 -.233 .008 -.056 -.063 -.080 .015 1

9. Education -.102 .382 -.123 .071 .134 -.004 -.017 -.115 1

10. Marital
Status .078 .251 -.111 .057 .042 -.005 .065 -.062 .059 1

11. Smoking -.022 -.141 .148 .056 -.011 -.050 .138 -.067 -.177 -.062 1

12. MetS .386 -.020 .069 -.086 -.140 -.035 .016 -.020 -.124 .030 -.018 1

Note. Results used Fasting laboratory MEC weight
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4.4 Aim 1: Path Analysis Testing the Hypothesized Path Model

Aim one was to examine the hypothesized relationships among the biomedical

factor, biosocial factors, psychosocial factors, and MetS in adults by testing the

hypothesized path model. To test the hypothesized path model of biopsychosocial factors

with MetS, a path analysis was performed and hypotheses 1.1-1.3 were examined.

4.4.1 Model Identification

The model is identified when it is theoretically possible to obtain a unique

estimate of each parameter (Kline, 2005). There must be at least as many observations as

free parameters (df > 0) (Kline, 2005). For this study, the hypothesized path model had a

total of 78 [(12 X 13)/2] observations with 51 parameters (df = 27). So, the model was

identified.

4.4.2 Estimation Procedure

Physical activity remained skewed after transformation and the scatterplot for

income revealed skewness, therefore, these two variables were recoded as previously

explained. According to Kline (2005) when a variable has 5 levels, the variable is

considered continuous in Lisrel 8.8. Hence, income was a continuous variable in the

correlation matrix. When a mixture of a dichotomous, ordinal, and continuous data are

used in a model using Lisrel 8.8, weighted least squares estimation is used as the

estimation procedure (Joreskog & Sorbom, 2007).  A correlation matrix was created

using Pearson product moment correlations between continuous variables, polychortic

correlations between ordinal/dichotomous variables, and polyserial correlations between

continuous and ordinal/dichotomous variables in Prelis 2.80, one of the languages used in

the statistical program of Lisrel 8.8. Instead of the typical maximum likelihood estimation
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that is used to examine continuous variables, weighted least squares accommodated for

non-normality of the data set.  The complex samples analysis and weighted data were not

used in the path analysis. Similar to other structural equation modeling statistical

software, Lisrel currently limits the application to continuous outcome of complex

samples design adjustment. Therefore, only raw data were used in the path analysis and

the results of the path analysis should be interpreted cautiously.

4.4.3 Results of Path Model Testing and Assessing Model Fit

The path analysis model fit was evaluated by using various fit indices. Overall

model fit was tested using the chi-square (χ2) statistic, comparative fit index (CFI), root

mean square error of approximation (RMSEA), and standardized root mean square

residual (SRMR), which are useful in comparing hierarchical models (Kline, 2005).

Another absolute fit index is the standardized root mean square residual (SRMR). This fit

index was used identify the average residual value based on the difference between the

observed and predicted covariance matrices (Kline, 2005).

The hypothesized path model was examined with 51 parameters using raw data,

the results showed a just-identified model and such a model is unable to test a particular

hypothesis (Kline, 2005). Therefore, a stepwise approach was used. The initial model had

paths from the biomedical factor (age) and biosocial factors (gender, education, marital

status, income, and race) to the psychosocial factors (depressive symptoms, diet, physical

activity, smoking, and sleep) and all variables (biomedical, biosocial, and psychosocial)

to MetS (see Figure 4.1). The modification recommendations from Lisrel were examined

and paths were added if theoretically sound. The paths from age and gender to the

psychosocial factors were significant and remained in the next path analysis. The second
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path analysis tested significant paths from age, gender, and psychosocial factors to MetS.

Again, Lisrel modification recommendations were evaluated. Gender was not

significantly associated with MetS (p < .20) and that path was removed from final path

analysis, but gender remained in the final path analysis. The third path analysis examined

the paths to and from the psychosocial factors themselves. The non-significant paths were

deleted according to the statistical criteria (p < .20) and Lisrel suggested paths were

added when conceptually sound. This process yielded a trimmed model that met

acceptable criterion for a good model fit.
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Figure 4.1 The trimmed hypothesized path model for predicting MetS with Z-Scores

1.14Note. Red colored Z-score- Not significant path; Black colored Z-score- significant path



96

4.4.4 Results of Trimmed Path Model Testing

The trimmed path diagram with path coefficients and squared multiple

correlations is presented in Figure 4.2. The path significance was based on the loading

coefficients that were examined for significance, sign, and magnitude. The coefficients’

sign needed to be congruent with the model’s hypothesized theoretical relationship. T-

values in Lisrel (z-scores) were the tests of significance of the parameter estimates used

in this study. Significance at the probability level of .05 had a z-value greater than 1.96.

Of the 51 hypothesized parameters in the model, the trimmed model (see Figure

4.2) consisted of 19 significant paths and 2 paths that contributed indirect effects for a

total of 21 paths in the analysis without using complex samples. A final path analysis

retested the trimmed model with 21 paths and all the paths remained significant. The final

hypothesized path model converged to an acceptable and trimmed solution in 41

iterations. The goodness-of-fit indices indicated good model fit [(χ2 = 8.87, df = 6, p

= .18); (SRMR = .017); (RMSEA = .015); (Relative χ2 = 1.478); (CFI = 1.0].

Age (β = -.22, p < .001), gender (β = -.25, p < .01), depressive symptoms (β = .25,

p < .05) and sleep (β = -1.12, p < .05) were significantly associated with smoking,

accounting for 76% of the variance in smoking. A younger female with a higher

depressive symptoms score on the PHQ-9 and with less sleep were associated with

smoking. Age (β = .21, p < .20) and smoking (β = -1.14, p < .20) were significantly

associated with sleep. Lisrel was unable to mathematically calculate the variance

explained by sleep with only the raw data of the variables age and smoking. Older

individuals who do not smoke were associated with increased sleep. Age (β = .50, p <

001) was significantly associated with diet, accounting for 25% of the variance diet. Age
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(β = -.28, p < .001), gender (β = .10, p < .001), and smoking (β = -.17, p < .01) were

significantly associated with physical activity level, accounting for 8.7% of the variance

in physical activity. Younger males who did not smoke were associated with a higher

physical activity level. Age (β = .65, p < .05), gender (β = .15, p < .05), physical activity

level (β = .45, p < .001), sleep (β = .10, p < .20) were significantly associated with

depressive symptoms accounting for 25% of the variance in depressive symptoms. Older

males who were physically active and who had a higher number in hours of sleep per

night were associated with a higher depressive symptoms score on the PHQ-9

questionnaire. Age (β = .10, p < .01), smoking (β = .23, (p < .001), sleep (β = .24, p

< .001), diet (β = .14, p < .05), and physical activity level (β = -.086, p < .05) were

significantly associated with MetS, accounting for 14% of the variance of MetS. A older

person who was a former smoker, who had an increase in the number of hours of sleep

per night, who had a lower activity level, and consumed more calories per day, was

associated with MetS. These results must be interpreted with caution since complex a

sample was not used in the path analyses in Lisrel 8.8.
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Figure 4.2 The trimmed hypothesized path model for predicting MetS with path coefficients

Note. Correlations between exogenous variables are not displayed in the path diagram
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The loading coefficients’ signs were congruent with the model’s hypothesized

theoretical relationships in 20 paths out of the 21 paths that were significant. The sign of

the loading coefficient of the path, smoking → MetS was positive indicating that a non-

smoker or former smoker was associated with MetS.

Direct and indirect effects of the predictor variables, the outcome variable,

smoking, sleep, diet, physical activity, depressive symptoms, and MetS are presented in

Table 4.11. In addition to the direct effects of the predictors on the outcome variable

demonstrated by significant paths, indirect effects were also discovered. The predictors

(age, gender sleep, depressive symptoms, and physical activity) of smoking had direct

and indirect effects. Age had larger direct effects on smoking than indirect effects.

Activity had equal direct and indirect effects on smoking. Gender, sleep, and depressive

symptoms influenced smoking through age.

Sleep influenced MetS indirectly through psychosocial variables, diet, and

smoking. Age, depressive symptoms and physical activity had larger direct effect on

MetS than indirect effects. Gender, depressive symptoms, and physical activity had equal

direct and indirect effects on sleep. Age and smoking status influenced sleep directly and

indirectly with larger indirect effects. Smoking status indirectly influenced depressive

symptoms through psychosocial variables, sleep and physical activity.  The predictors of

physical activity had direct and indirect effects. The direct effects of age and gender were

larger than their indirect effects of physical activity. Sleep had equal direct and indirect

effect on physical activity.
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Table 4.11  Results of the standardized direct, indirect, and total effects of the predictor
variables on outcome variables in the final model

Effects
Outcome Variable Predictor Variable Direct Indirect Total

Smoking Age -.20 .02 -.18
Gender -.09 .16 .07
Sleep -.48 .64 .16
Depressive symptoms .11 -.14 -.03
Physical activity .05 .05 .10

MetS Age .14 .04 .18
Smoking status .23 .23
Sleep -.24 -.24
Diet .14 .14
Depressive symptoms .09 .06 .15
Physical activity -.05 .04 -.01

Sleep Age -.02 -.23 -.25
Gender -.10 -.10 -.20
Smoking status .50 -63 -13
Depressive symptoms .12 .12 .24
Physical activity .06 .06 .12

Diet Age .50 .50

Depressive symptoms Age -.04 -.10 -.14
Gender .20 .05 .25
Smoking status .05 .05
Sleep .11 .11
Physical activity .45 .45

Physical activity Age -.25 .03 -.22
Gender .12 .01 .13
Smoking status -.07 .09 -.02
Sleep .08 .08 .16
Depressive symptoms -.02 -.01 -.03
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4.4.5  Research Aim 1 and Hypotheses 1.1-1.3 Conclusion

Research Aim 1 was to examine the hypothesized relationships among the

biomedical factor, biosocial factors, psychosocial factors, and MetS in adults by testing

the hypothesized path model.

Hypothesis 1.1: Biomedical factor (age), biosocial factors (gender, race,

education, income, and marital status), and psychosocial factors (depressive symptoms,

physical activity, diet intake, smoking, and sleep) directly influence the presence of

MetS.

In the path analysis, age, depressive symptoms, physical activity, diet, smoking,

and sleep directly influenced MetS. Gender, race, education, income, and marital status

did not directly influence MetS. The standardized effects for the variables are in Table

4.11, but many of the biosocial variables were excluded from the final path model.

Therefore, hypothesis 1.1 was partially supported in the path analysis without the use of

complex samples.

Hypothesis 1.2: Biomedical factor (age) and biosocial factors (gender, race,

education, income, and marital status) directly influence psychosocial factors and

indirectly influence the presence of MetS through psychosocial factors.

Age directly influenced all psychosocial factors: depressive symptoms, physical

activity, diet intake, smoking, and sleep. Gender directly influenced depressive

symptoms, physical activity, smoking, and sleep. Age indirectly influenced MetS through

smoking, depressive symptoms, sleep, physical activity, and diet. Gender indirectly

influenced MetS through smoking, depressive symptoms, and physical activity. However,
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gender did not indirectly influence diet sleep or diet. Therefore, hypothesis 1.2 was

partially supported in the path analysis without the use of complex samples.

Hypothesis 1.3: Depressive symptoms directly influence physical activity, diet

intake, smoking, and sleep and indirectly influence MetS through physical activity and/or

diet intake and/or smoking, and/or sleep.

Depressive symptoms directly influenced smoking status, physical activity, and

sleep, but were not influenced by diet. Depressive symptoms indirectly influenced MetS

through physical activity, smoking and sleep. Depressive symptoms did not indirectly

influence diet. Therefore, hypothesis 1.3 was partially supported without the use of

complex samples in the path analysis.

The results of the path analysis supported the Biopsychosocial Model of MetS.

Assuming the model is appropriate, Mets is caused by biomedical factor (age), biosocial

factor (gender) and psychosocial factors (physical activity, diet, smoking, and sleep).

Depressive symptoms was not statistically significantly associated with MetS, but

mediated relationships with MetS including the relationship between age and Mets and

the relationship between physical activity and MetS.

4.5 Aim 2: Logistic Regression using Complex Samples Analysis

Aim two was to explore the mediating and moderating effects of the biomedical,

biosocial, and psychosocial factors to identify a parsimonious model to predict MetS.

To examine hypotheses 2.1-2.2, complex sample logistic regression (CSLR) in SPSS

(SPSS, version 18.0, 2009, SPSS Inc, Chicago, IL) was used. The CSLR procedure

performs a logistic regression analysis on a binary dependent variable for samples drawn

using complex sampling.
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4.5.1 Research Aim 2: Part 1

Research aim 2 part 1 was to examine the moderating effects of the biosocial and

psychosocial factors as predictors of MetS. A moderator is a qualitative or quantitative

variable that affects the direction and/or strength of the relationship between a predictor

variable and an outcome variable (Baron & Kenny, 1986). The model diagrammed in

Figure 4.3 shows the casual path feed into the outcome variable. The moderator

hypothesis is supported if the interaction (path c), the product term of predictor and

moderator, is significant.

Figure 4.3: Model for testing moderation

a

b

c

A predictor variable, a moderating variable, and the outcome variable were

entered into a logistic regression analysis in complex samples analysis. In this study, the

variables in the model (biomedical, biosocial, and psychosocial variables) were explored

to examine the association among the variables and MetS as the outcome variable. A total

of 29 interactions were tested.

Predictor (X)

Moderator (M)

X x M

Outcome
Variable (Y)
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Hypothesis 2.1: Biomedical factor (age), biosocial factors (gender, race,

education, income, and marital status), and psychosocial factors (physical activity, diet

intake, smoking, and sleep) moderate associations among biomedical, biosocial,

psychosocial factors and MetS.

Multiple logistic regression analyses using complex samples analysis were

performed to test hypothesis 2.1. A combination of biomedical, biosocial, and

psychosocial variables and the product of two variables were entered into a CSLR model

with the dichotomized variable MetS as the dependent variable. Eleven variables were

tested for moderating effects of biomedical, biosocial, and psychosocial variables and the

dependent variable (MetS) yielding 29 CSLR models. For example, age (biomedical

factor), physical activity (psychosocial factor), and the product of age and physical

activity were entered into a CSLR model with the dichotomized variable MetS (coded as

0 for no MetS, 1 for MetS) as the dependent variable.

Biomedical Factors Moderating Effects

The biomedical variable, age, was not a significant or influential as a moderator

of the association any biosocial variable (gender, race, education, income, and marital

status) or psychosocial variable (depressive symptoms, diet, physical activity, sleep and

smoking status) and the dependent variable MetS.

Biosocial Factors Moderating Effects

The biosocial variables were examined for moderating effects of the association

between MetS and biomedical, biosocial, and psychosocial variables (see Table 4.12).

Gender was a dichotomous variable (coded as 0 for females, 1 for males). Income

measured as the family’s poverty income ratio (PIR) was recoded into five categories and
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dummy codes were created with the reference category of middle income [coded 0 for

income poverty (PIR = 0-1.30), coded 1 for income 2nd lowest (PIR = 1.31-2.35), coded 3

for 2nd highest (PIR = 3.86-4.99), and 4 for income highest (PIR > 5.00)]. Education was

a dichotomous variable (coded as 0 for < high school graduation, 1 for > high school).

Race was a dichotomous variable (coded as 0 for non-Hispanic white, 1 for racial

minority).

One significant biosocial moderator was found at the probability level of p < .05.

Income moderates the relationship between race and MetS indicating that the effect of

race on MetS depends on income. In this study, two groups (white non-Hispanic

individual in the lowest income group and the racial minorities in the highest income

group) were 1.5 times more likely to have Mets compared to the white non-Hispanic

middle income group.

The potentially influential moderating factors that had a probability level of < .20

are influential but not significant. They were identified here and included in subsequent

analyses used to ascertain a parsimonious model to predict MetS. Two potentially

influential biosocial interactions were found using CSLR analysis (see Table 4.12).

Education potentially moderates the association between gender and Mets, indicating that

the effect of gender on MetS depends on education. Educated (some college) were half as

likely to have MetS compared to those females who had graduated from high school.

Income potentially moderates the association between gender and MetS, indicating that

the effect of gender on MetS depends on income. In this study, males in the second

highest income group were 1.5 times more likely to have Mets than females in the middle

income group.
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Table 4.12  Results of the complex sample logistic regression analysis to examine
moderating effects of biosocial factors on the association between biosocial variables and
MetS

Parameter B SE
95% CI Hypothesis Test

ORLower Upper t df Sig.
Income and Race

Intercept -1.194 .142 -1.496 -.892 -8.384 16 .000 .303
Race (P) .195 .257 -.349 .739 .761 16 .458 1.216
Income Poverty (M) .428 .282 -.170 1.026 1.518 16 .149 1.534
Income 2nd lowest (M) .569 .240 .060 1.078 2.370 16 .031 1.766
Income 2nd highest (M) .385 .284 -.216 .987 1.358 16 .193 1.470
Income highest (M) .238 .163 -.109 .585 1.456 16 .165 1.269
Race*Income Poverty (P*M) -.352 .406 -1.213 .509 -.866 16 .399 .704

Race*Income 2nd lowest (P*M) -.716 .323 -1.401 -.031 -2.216 16 .042 .489
Race*Income 2nd highest (P*M) -.535 .374 -1.329 .258 -1.430 16 .172 .585
Race*Income highest (P*M) -.009 .330 -.708 .690 -.027 16 .978 .991

Education and Gender
Intercept -.516 .139 -.812 -.221 -3.705 16 .002 .597
Gender (P) -.202 .205 -.636 .231 -.989 16 .337 .817
Education (M) -.816 .202 -1.244 -.388 -4.039 16 .001 .442
Gender*Education (P*M) .532 .289 -.080 1.144 1.842 16 .084 1.702

Income and Gender
Intercept -1.060 .138 -1.351 -.768 -7.704 16 .000 .347
Gender (P) -.162 .265 -.724 .400 -.612 16 .549 .850
Income Poverty (M) .262 .166 -.089 .614 1.582 16 .133 1.300
Income 2nd lowest (M) .363 .158 .029 .697 2.307 16 .035 1.438
Income 2nd highest (M) -.108 .272 -.684 .468 -.398 16 .696 .897
Income highest (M) -.135 .200 -.558 .288 -.677 16 .508 .874
Gender*Income Poverty (P*M) .091 .330 -.608 .789 .275 16 .787 1.095
Gender*Income 2nd lowest (P*M) -.113 .346 -.846 .621 -.325 16 .749 .894
Gender*Income 2nd highest (P*M) .715 .508 -.361 1.791 1.408 16 .178 2.043
Gender*Income highest (P*M) .641 .340 -.081 1.363 1.883 16 .078 1.898

Note. Table includes only analyses resulting in interactions with p < .20; Dependent
variable: dichotomized MetS (reference category =0); P = predictor; M = moderator;
P*M = interaction
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Psychosocial Factors Moderating Effects

The psychosocial variables were examined for moderating effects of the

association between MetS (outcome variable) and biomedical, biosocial, and

psychosocial variables (predictor variable). Refer to Table 4.13. Square root transformed

and winsorized diet, dichotomized gender (coded as 0 for females, 1 for males), and the

product of the two variables were entered into the CSLR model with MetS as the

dependent variable. Log transformed depressive symptoms, dichotomized gender, and the

product of the two variables were entered into the CSLR model with MetS as the

dependent variable. Categorical and dummy coded smoking, dichotomized gender, and

the product of the two variables were entered into the CSLR with the dependent variable,

MetS. Age as a continuous variable, dichotomized physical activity (coded as 0 for low

activity, 1 for high activity), and the product of the two variables were entered into the

CSLR model with MetS as the dependent variable. Winsorized sleep, square root

transformed and winsorized diet, and the product of the two variables were entered into

the CSLR model with MetS as the dependent variable.

No statistically significant (p < .05) psychosocial moderators were found in

examining the moderating effects of psychosocial factors on the association between

biopsychosocial factors and MetS. The potentially influential moderating factors that had

a probability level of p < .20 are influential but not significant. They were identified here

and included in subsequent analyses used to identify a parsimonious model to predict

MetS.

Five potentially influential interactions were found with psychosocial factors as

moderators using CSLR (see Table 4.13). Diet potentially moderated the association
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between gender and MetS indicating that the effect of gender on MetS depends on diet.

Depressive symptoms potentially moderated the association between gender and MetS

indicating that the effect of gender on MetS depends on depressive symptoms. In this

study, females with elevated depressive symptoms score were 1.5 times more likely to

have MetS than males with a high depressive symptoms score. Smoking potentially

moderates the association between gender and MetS indicating that the effect of gender

depends on smoking status. In this study, males who currently smoke were 1.4 times

more likely to have MetS than females who currently smoke. Physical activity level

potentially moderated the association between age and MetS indicating the effect of age

on MetS depend on physical activity level. In this study, an older participant with low

physical activity level was 1.3 times more likely to have MetS compared to a younger

participant with a high physical activity level. Sleep potentially moderated the association

between diet and MetS, indicating that the association between diet and MetS depends on

hours sleep per night.
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Table 4.13  Results of the complex sample logistic regression analysis to examine
moderating effects of psychosocial factors on the association between biopsychosocial
model variables and MetS

Parameter B SE
95% CI Hypothesis Test

ORLower Upper T Df Sig.
Diet and Gender

Intercept .548 .341 -.175 1.270 1.607 16 .128 1.729
Gender (P) -.675 .630 -2.010 .661 -1.071 16 .300 .509
Dietab (M) -.036 .009 -.055 -.017 -4.021 16 .001 .964
Gender*Dietab (P*M) .021 .013 -.006 .049 1.629 16 .123 1.021

Depressive symptoms and gender
Intercept -1.301 .169 -1.659 -.944 -7.720 16 .000 .272
Gender (P) .373 .172 .009 .738 2.170 16 .045 1.453
Depressive symptomsc (M) .300 .114 .059 .541 2.636 16 .018 1.349
Gender*Depressive symptomsc

(P*M)
-.228 .125 -.494 .038 -1.818 16 .088 .796

Smoking and gender
Intercept 1.134 .188 .736 1.532 6.044 16 .000 3.108
Gender (P) .360 .287 -.248 .967 1.255 16 .227 1.433
Never Smoked (M) -.081 .213 -.532 .370 -.382 16 .707 .922
Former smoker (M) -.616 .333 -1.323 .090 -1.849 16 .083 .540
Gender*Never Smoked (P*M) -.511 .376 -1.308 .285 -1.361 16 .192 .600
Gender*Former smoker (P*M) -.483 .309 -1.137 .172 -1.564 16 .137 .617

Physical activity and age
Intercept -3.420 .242 -3.933 -2.908 -14.148 16 .000 .033
Age (P) .051 .004 .043 .060 12.670 16 .000 1.053
Physical Activity (M) -.493 .253 -1.030 .044 -1.945 16 .070 .611
Age*Physical Activity (P*M) .008 .005 -.003 .020 1.581 16 .134 1.008

Sleep and diet
Intercept -1.138 1.002 -3.262 .987 -1.135 16 .273 .321
Dietab (P) .016 .022 -.030 .062 .749 16 .465 1.016
Sleepb (M) .167 .168 -.190 .524 .993 16 .335 1.182
Dietab *Sleepb (P*M) -.005 .004 -.013 .003 -1.423 16 .174 .995

Note. Table includes only analyses resulting in interactions with p < .20; Dependent
variable: dichotomized MetS (reference category is 0 for no MetS); square root
transformed; b winsorized; c log transformed; P = predictor; M = moderator;
P*M = interaction; * for p < .05 for moderating effect

4.5.2  Research Aim 2: Part 2
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Research aim part 2 was to examine the mediating effects of the biosocial and

psychosocial factors to predict MetS.  According to Baron and Kenny (1986), mediation

is defined as “the generative mechanism through which the focal independent variable is

able to influence the dependent variable of interest.” The model diagrammed in Figure

4.4 represents the mediation process.

Figure 4.4: Model for testing mediation

a                                                                            b

c’

In Figure 4.4, the predictor variable (X) is related to the mediator (M), which is

related to the outcome variable (Y). MacKinnon (MacKinnon & Dwyer, 1993) states that

the mediated effect may exist regardless of statistical significance of the effect of the

predictor variable on the outcome variable. The relationship from X to Y does not go

through M and is a direct effect of the predictor variable to the outcome variable. If the b

parameter is significant, mediation has occurred. Total mediation is present when the a

parameter is also significant (MacKinnon, 2008). This product of ab quantifies how much

a one unit change in X affects Y indirectly through M.

Predictor (X)

Mediator (M)

Outcome (Y)
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Hypothesis 2.2: Biomedical factor (age), biosocial factors (gender, race,

education, income, and marital status), and psychosocial factors (physical activity, diet

intake, smoking, and sleep) mediate the associations among themselves and MetS.

Three separate sets of logistic regression analyses using complex samples were

performed examine mediating effects of the relationship between predictor variable and

outcome variable to address aim 2 part 2. The first CSLR was to test the total effect of the

predictor variable on the outcome variable (MetS) without examining mediation. The

effect of the predictor variable was regressed on MetS. The next CSLR was to test for the

partial mediating effect of a potential mediator on the relationship between the predictor

variable and the outcome variable. The effect of the mediator variable was regressed on

the outcome variable after controlling for the predictor variable. The last regression

analysis was conducted for those relationships where at least partial mediation occurred.

To examine to total mediating effect logistic regression analyses was used for a

dichotomous mediator variables and multiple regression analyses was used for a

continuous and ordinal mediator variables. In the total mediation analyses, the mediator

variable was regressed on the predictor variable.

The predictor variables were selected for mediation analysis if they were

statistically significant predictors of MetS (outcome variable). Each predictor was

explored with each variable in the biopsychosocial model. A total of nine mediators for

each relationship were examined. The results of the statistically significant mediation

relationships are presented in Tables 4.14-19.
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Mediation of the Relationship of Diet to MetS

Biomedical, biosocial, psychosocial factors were assessed for mediation

relationship of diet to MetS. Education, smoking, depressive symptoms, physical activity

level, and age mediated the relationship between diet and MetS (see Table 4.14). Physical

activity level totally mediated the relationship of diet to MetS. A decrease of one calorie

per day in diet was associated with a 1.6% decrease in the likelihood of MetS through the

effect of physical activity level. Age totally mediated the relationship of diet to MetS. An

increase of one calorie per day in diet was associated with a 2.4% increase in the

likelihood of MetS through the effect of age.

Table 4.14 Results of regression analysis using complex samples to examine the
mediating effect of the relationship between diet and MetS

Partial Mediation (b) Total Mediation (a)
Mediator Beta (p value) Beta (p value) a*b Exp ab

Education .513 (.004)* -.014 (.058) -.0072 0.993
Smoking (Former) -.911 (.002)* .004 (.266) -.907 0.404
Depressive Symptoms .164 (.048)* -.004 (.159) -.0007 0.999
Activity Level .459 (.023)* -.035 (.000)* -.0161 0.984
Age .057 (.000)* .413 (.000)* .0235 1.024
Note. Outcome variable is MetS; Predictor variable is diet; Smoking reference category
for smoking is current smoker; * significant at p < .001

Mediation of the Relationship of Depressive Symptoms to MetS

Biomedical, biosocial, psychosocial factors were assessed for mediation

relationship of depressive symptoms to MetS. Diet, age, education, smoking, and

physical activity level mediated the relationship of depressive symptoms to MetS (see

Table 4.15). Education, smoking status, and physical activity level totally mediated the

relationship of depressive symptoms to MetS. An increase of one point of the PHQ-9

scale measuring in depressive symptoms was associated with a 17% increase in the
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likelihood of MetS through the effect of education. A decrease of one point on the PHQ-9

scale was associated with a 1.4% decrease in the likelihood MetS through the effect of

smoking. A 1-point increase in depressive symptoms was associated with an 18%

increase in MetS through the effect of an individual’s physical activity level.

Table 4.15 Results of regression analysis using complex samples to examine the
mediating effect of the relationship between depressive symptoms and MetS

Partial Mediation (b) Total Mediation (a)
Mediator Beta (p value) Beta (p value) a*b Exp ab

Diet -.019 (.004)* -.660 (.151) .0125 1.013
Age .059 (.000)* -.448 (.295) -.0264 0.974
Education .541 (.003)* .291 (.000)* .1574 1.170
Smoking (Former) -.991 (.001)* .140 (.000)* -.0139 0.986
Activity Level .525 (.005)* .323 (.000)* .1695 1.185
Note. Outcome variable is MetS; Predictor variable is depressive symptoms; Smoking
reference category for smoking is current smoker; * significant at p < .001

Mediation of the Relationship of Physical Activity to MetS

Biomedical, biosocial, psychosocial factors were assessed for mediation

relationships of physical activity to MetS. Education, smoking status, age, and diet

mediated the relationship of physical activity level and MetS (see Table 4.16). Age and

diet totally mediated the relationship of physical activity to MetS. A change from low to

high physical activity level was associated with a 65% increase in the likelihood of Mets

though the effect of age. A change from low to high physical activity level was associated

with a 5.3% increase in the likelihood of MetS through the diet.
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Table 4.16 Results of regression analysis using complex samples to examine the
mediating effect of the relationship between physical activity level and MetS

Partial Mediation (b) Total Mediation (a)
Mediator Beta (p value) Beta (p value) a*b Exp ab

Education .525 (.003)* .258 (.084) .0135 1.014
Smoking (Former) -.882 (.003)* -.035 (.450) .0309 1.031
Age .055 (.000)* 9.113 (000)* .5012 1.651
Diet -.014 (.049* -.3.67 (.000)* .0514 1.053
Note. Outcome variable is MetS; Predictor variable is physical activity level; Smoking
reference category for smoking is current smoker; * significant at p < .001

Mediation of the Relationship of Age to MetS

Biomedical, biosocial, psychosocial factors were assessed for mediation

relationship of age to MetS. Income, sleep, depressive symptoms, and education

mediated the relationship between age and MetS (see Table 4.17). Education totally

mediated the relationship of age to MetS. An increase in one year of age was associated

with a 0.5% increase in MetS through education level.

Table 4.17 Results of regression analysis using complex samples to examine the
mediating effect of the relationship between age and MetS

Partial Mediation (b) Total Mediation (a)
Mediator Beta (p value) Beta (p value) a*b Exp ab

Income (Poverty) -.440 (.032)* .004 (.328) -.0018 0.998
Sleep -.102 (.012)* .002 (.415) -.0002 0.999
Depressive Symptoms .234 (.020)* -.001 (.296) -.002 0.998
Education .409 (.010)* .012 (.013)* .0049 1.005
Note. Outcome variable is MetS; Predictor variable is age; Income reference category is
average income [Poverty income ratio (PIR) 2.36-3.85]; * significant at p < .05

Mediation of the Relationship of Education to MetS

Biomedical, biosocial, psychosocial factors were assessed for mediation

relationship of education to MetS. Physical activity level, age, income and smoking

mediated the relationship between education and MetS (see Table 4.18). Age, income,



115

smoking status, and diet totally mediated the relationship of education to MetS. An

increase in education level above the high school graduation was associated with a 56.3%

increase in the likelihood of MetS through income. A change in education level from

college to high school graduation and below was associated with 26.5% increase in the

likelihood of MetS through smoking. An increase in education level above high school

graduation was associated with a 2.6% increase in the likelihood of Mets through diet.

Table 4.18 Results of regression analysis using complex samples to examine the
mediating effect of the relationship between education and MetS

Partial Mediation (b) Total Mediation (a)
Mediator Beta (p value) Beta (p value) a*b Exp ab

Activity .485 (.012) .258 (.084) .1251 1.133
Age .054 (.000) 3.422 (.014) .1847 1.203
Income (High) -.393 (.035) -1.136 (.000)* .4464 1.563
Smoking (Former) -1.074 (.001) .287 (.000)* -.3082 .735
Diet -.017 (.007) -1.487 (.049)* .0257 1.026
Note. Outcome variable is MetS; Predictor variable is education; Income reference
category is average income [Poverty income ratio (PIR) 2.36-3.85]; Smoking reference
category is current smoker; * significant at p < .05

Mediation of the Relationship of Smoking to MetS

Biomedical, biosocial, psychosocial factors were assessed for mediation

relationship of smoking to MetS. Physical activity level, diet, age, depressive symptoms,

income, and education mediated the relationship between smoking status and MetS (see

Table 4.19). Age, depressive symptoms, income, and education totally mediated the

relationship of smoking to MetS. Smoking was associated with a 46.5% increase in the

likelihood of MetS through the effect age. Smoking was associated with a 7.6% increase

in the likelihood of MetS through the effect of depressive symptoms. Smoking was

associated with a 35.3% increase in the likelihood of MetS through the effect of income.
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Smoking was associated with an 87.8% increase in the likelihood of MetS through the

effect of education.

Table 4.19 Results of regression analyses using complex samples to examine the
mediating effect of the relationship between smoking and MetS

Partial Mediation (b) Total Mediation (a)
Mediator Beta (p value) Beta (p value) a*b Exp ab

Activity .505 (.007) -.129 (.489) -.0651 0.937
Diet -.018 (.010) 1.365 (.301) -.0246 0.976
Age .054 (.000) -11.576 (.000)* -.6251 0.535
Depressive Symptoms .214 (.007) .342 (.000)* .0732 1.076
Income (Poverty) -.418 (.026) -.723 (.000)* .3022 1.353
Education .661 (.000) .953 (.000)* .6299 1.877
Note. Outcome variable is MetS; Predictor variable is smoking; Income reference
category is average income [Poverty income ratio (PIR) 2.36-3.85]; * significant at p <
.001

4.5.3  Research Aim 2 and Hypotheses 2.1-2.2 Conclusion

Aim 2 was to explore the mediating and moderating effects of the biomedical,

biosocial, and psychosocial factors to identify a parsimonious model to predict MetS.

Hypothesis 2.1: Biomedical factor (age), biosocial factors (gender, race,

education, income, and marital status), and psychosocial factors (physical activity, diet

intake, smoking, and sleep) moderate associations among themselves and MetS.

Using CSLR, the interaction of age and physical activity was statistically

associated with MetS. Income moderates the relationship between race and MetS. Five

potentially influential interactions were found with psychosocial factors as moderators

using CSLR. Diet potentially moderated the association between gender and MetS.

Depressive symptoms potentially moderated the association between gender and MetS.

Smoking potentially moderates the association between gender and MetS. Physical

activity level potentially moderated the association between age and MetS indicating the
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effect of age on MetS depend on physical activity level. Sleep potentially moderated the

association between diet and MetS. Therefore, hypothesis 2.1 was supported in the

moderating effects among the biopsychosocial variables of MetS.

Hypothesis 2.2: Biomedical factor (age), biosocial factors (gender, race,

education, income, and marital status), and psychosocial factors (physical activity, diet

intake, smoking, and sleep) mediate associations among themselves and MetS.

In the CSLR, mediating effects were present in the relationship between MetS and

the following: diet, depressive symptoms, physical activity, age education, and smoking.

The mediators are in Tables 4.14-4.19. Therefore, hypothesis 2.2 was supported in the

logistic regression analyses using complex samples.

4.6 Research Aim 3

Research aim 3 was to identify a parsimonious model to predict MetS. This was

accomplished using a series of logistic regression analyses with CSLR.

Hypothesis 3.1: Biomedical factor (age), biosocial factors (gender, race,

education, income, and marital status), and psychosocial factors (depressive symptoms,

physical activity, diet intake, smoking, and sleep) predict MetS. A series of CSLR

analyses were performed to predict the presence of MetS to test hypothesis 3.1 MetS was

coded as a dichotomous variable (0 for no MetS and 1 for MetS).

A series of logistic regression analyses were conducted. In the first set of analyses,

each predictor variable in the biopsychosocial model was entered individually into a

CSLR model of the outcome variable (MetS). In the second analysis, all the biomedical

and biosocial predictors that predicted MetS at p < .20 in the analyses two and three were

entered simultaneously into a CSLR model of the outcome variable (MetS). In the third
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analysis, all the psychosocial predictors that predicted MetS at p < .20 in the individual

analyses were entered simultaneously into a CSLR model of the outcome variable (MetS).

Each predictor and the model as a whole were tested to determine whether it made a

significant contribution to the outcome (MetS). The predictors that had a probability level

< .20 from the biosocial and psychosocial models were kept and the predictors from both

blocks were entered together. The analysis proceeded in steps along with information

about each block of predictors. The interactions identified from Aim 2 in the moderation

analyses were entered into the CSLR analysis to examine if the interactions and their

components increased the variance explained by the model. The significant interactions

were kept in the final model.

Results of the separate CSLR analyses predicting the presence of MetS with each

biomedical and biosocial factor as the predictor are provided in Table 4.20. Age [t (16) =

12.196, p < .001, OR = 1.057] and education [t (16) = 3.696, p <.05, OR = 1.735] were

significant predictors of MetS. Age explained 20.4% of the variance in the presence of

MetS [Wald F (1,16) = 148.731, p = .000, Nagelkerke R2 = .204].  Older age predicted

MetS. The odds of MetS increased 5.7% for every year of age. Education explained 2.2%

of the variance in the presence of MetS [Wald F (1, 16) = 13.658, p = .002, Nagelkerke

R2 = .022]. Higher education predicted MetS. The odds of MetS were 73.5% higher for

people who continued their education beyond high school than those who did not

continue their education past high school. Income [t (16) = -2.029, p = 0.59, OR = .731]

and marital status [t (16) = -1.352, p = .195, OR = .871] were influential but not

significant predictors of MetS at the probability level <.20. The lowest income level (PIR

= 0-1.30) was less likely to have MetS compared with the middle income (PIR = 2.36-



119

3.85). The odds of having MetS decrease by 26.9% for the lowest income individuals

compared to the middle income individuals. The likelihood of MetS for individuals who

were married or living with a partner was compared to the likelihood of MetS for those

who are single. The odds of MetS decrease by 12.9% for those who are married or living

with a partner.



120

Table 4.20  Summary of complex sample logistic regression analyses predicting the
presence of MetS with each biomedical and biosocial predictor (N=2.121x108)

Parameter B SE
95% CI Hypothesis Test

ORLower Upper t df Sig.
Age regressed on MetS

Intercept -3.679 .263 -4.236 -3.122 -14.006 16 .000 .025
Age .056 .005 .046 .065 12.196 16 .000* 1.057

Gender regressed on MetS
Intercept -.870 .077 -1.033 -.707 -11.329 16 .000 .419
Gender -.072 .129 -.345 .201 -.557 16 .585 .931

Race regressed on MetS
Intercept -.976 .068 -1.121 -.831 -14.254 16 .000 .377
Race .098 .121 -.158 .354 .811 16 .429 1.103

Education regressed on  MetS
Intercept -1.166 .095 -1.368 -.965 -12.250 16 .000 .312
Education .551 .149 .235 .867 3.696 16 .002* 1.735

Income regressed MetS
Intercept -.036 .450 -.990 .917 -.081 16 .936 .964
Income Poverty -.306 .173 -.672 .060 -1.771 16 .096 .736
Income 2nd lowest -.314 .155 -.641 .014 -2.029 16 .059 .731
Income 2nd highest -.268 .233 -.762 .227 -1.148 16 .268 .765
Income highest -.211 .139 -.506 .085 -1.510 16 .151 .810

Marital Status regressed on MetS
Intercept -.858 .069 -1.004 -.713 -12.492 16 .000 .424
Marital Status -.138 .102 -.355 .078 -1.352 16 .195 .871

Note. Dependent variable: dichotomized MetS (reference category is 0 for no Mets); * p
< .05; Independent variables: Gender (0 for female, 1 for male); Race (0 for white, non-
Hispanic, 1 for racial minority); Education (0 is for < high school graduate 1 is for
education past high school); marital status (0 is for single, 1 is for married or living with a
partner); Income was dummy coded [reference category is average income (PIR 2.36-
3.85), income poverty (PIR = 0-1.30), income 2nd lowest (PIR = 1.31-2.35), income 2nd

highest (PIR = 3.86-4.99), and income highest (PIR > 5.00)]
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Results of the CSLR analysis of the presence of MetS for each psychosocial

predictor are provided in Table 4.21. Each of the psychosocial predictors was significant

at the probability level of <.20 when entered into the CSLR analysis individually.

Depressive symptoms, diet, physical activity, and smoking were significant (p < .05)

predictors of MetS. Depressive symptoms [t (16) = 2.424, p < .05, OR = 1.193] explained

0.7% of the variance in the presence of MetS [Wald F (1,16) = 5.876, p = .028,

Nagelkerke R2 = .007]. Higher depressive symptoms predicted MetS. The odds of MetS

increased 19.3% for every increase in one depressive symptoms score on the PHQ-9. Diet

[t (16) = -3.236, p = .005, OR = .981] explained 1.1% of the variance in the presence of

MetS [Wald F (1,16) = 10.471, p = .005, Nagelkerke R2 = .011]. Diet predicted MetS.

For every increase in diet by 1 calorie per day, the odds of MetS decreased by 1.9%.

Physical activity level explained 1.9% of the variance in the presence of MetS [Wald F

(1,16) = 9.167, p = .008, Nagelkerke R2 = .019]. Physical activity [t (16) = -3.028, p

=.008, OR = .599] predicted MetS. A higher physical activity level was less likely to

have MetS compared to a low physical activity level. An individual decreases their odds

of MetS by 40% when they have a high physical activity level. A former smoker [t (16) =

-3.475, p =.003, OR = .407] was less likely to have MetS compared with current smokers.

A former smoker’s odd of MetS decrease by 59% compared to those who currently

smoke.

Sleep was a potentially influential (p < .20) predictor of MetS. Sleep (hours per

night) [t (16) = -1.383, p =.186, OR = .994] explained 0.2% of the variance in the

presence of MetS [Wald F (1,16) = 1.914, p = .186, Nagelkerke R2 = .002]. More hours
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of sleep per night predicted MetS. For every increase in sleep of 1 hour per night the odds

of MetS decreased by 0.6%.
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Table 4.21 Summary of complex sample logistic regression predicting the presence of
MetS with each psychosocial predictor (N=2.121x108)

Parameter B SE
95% CI Hypothesis Test

ORLower Upper T df Sig.
Depressive Symptoms regressed on MetS

Intercept -1.084 .106 -1.309 -.860 -10.231 16 .000 .338
Depressive Symptomsc .176 .073 .022 .330 2.424 16 .028* 1.193

Diet regressed on MetS
Intercept -.054 .259 -.604 .495 -.209 16 .837 .947
Dietab -.019 .006 -.031 -.006 -3.236 16 .005* .981

Physical Activity regressed on MetS
Intercept -.669 .081 -.842 -.496 -8.219 16 .000 .512
Physical activity level -.512 .169 -.870 -.153 -3.028 16 .008* .599

Smoking Status regressed on MetS
Intercept -.101 .249 -.630 .428 -.405 16 .691 .904
Never Smoked -.329 .172 -.694 .036 -1.910 16 .074 .720
Former Smoker -.899 .259 -1.448 -.351 -3.475 16 .003* .407

Sleep regressed on MetS
Intercept -.515 .268 -1.083 .052 -1.925 16 .072 .597
Sleepb -.058 .042 -.146 .031 -1.383 16 .186 .944

Note. Dependent variable: dichotomized MetS (reference category is 0 for no MetS); *
p< .05; Independent variables: physical activity- (0 for low activity level and 1 for high
activity level); smoking status was dummy coded (reference category is 0 for current
smoker, 1 for non-smoker and former smoker);
a square root transformed; b winsorized; c log transformed
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The predictors from the biosocial and psychosocial logistic regression models that

predicted MetS at < .20 were combined into separate CSLRs for each group of predictors.

The model with the biosocial predictors explained 3.1% of the variance in the presence of

MetS [Wald F (8, 9) = 4.515, p = .019, Nagelkerke R2 = .031]. Education [t (16), = 3.537,

p = .003, OR = 1.858] predicted MetS (see Table 4.22). The odds of MetS were 85%

higher for people who continued education beyond high school than those who did not

did not attend school beyond high school. Race [t (16) = 1.421, p = .175, OR = 1.166]

and income [t (16) = -2.007, p < .20, OR = .702] are potentially influential predictors of

MetS at p < .20 after controlling for each other and the other biosocial predictors. Racial

minorities are more likely to have MetS. The odds of MetS for those who are a racial

minority had a 16.6% increase n MetS compared to white non-Hispanics. The highest

income group was significantly more likely to have MetS compared to those in the

middle income group. The odds of MetS decreased by 30% for those in the highest

income group compared to those in the middle income group.
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Table 4.22 Complex sample logistic regression analysis predicting the presence of MetS
by the biosocial predictors (N=2.121x108)

Parameter B SE
95% CI Hypothesis

Sig (OR)Lower Upper T df
Intercept -.263 .463 -1.244 .718 -.578 16 .587 .769
Gender .073 .138 -.219 .365 .528 16 .605 1.075
Race .153 .108 -.075 .382 1.421 16 .175* 1.166
Education .619 .175 .248 .990 3.537 16 .003* 1.858
Marital Status -.173 .140 -.470 .124 -1.235 16 .235 .841
Income

Income Poverty -.222 .183 -.610 .167 -1.208 16 .244 .801
Income 2nd lowest -.328 .170 -.688 .032 -1.930 16 .072* .721
Income 2nd highest -.382 .267 -.949 .184 -1.432 16 .171* .682
Income highest -.354 .176 -.727 .020 -2.007 16 .062* .702

Note. Dependent variable: dichotomized MetS (reference category is 0 for no MetS); *
p<.20; Independent variables: Gender (0 for female, 1 for male); Race (0 for white, non-
Hispanic, 1 for racial minority); Education (0 is for < high school graduate 1 is for education past
high school); marital status (0 is for single, 1 is for married or living with a partner); Income was
dummy coded [reference category is average income (PIR 2.36-3.85), 1 for income
poverty (PIR = 0-1.30), income 2nd lowest (PIR = 1.31-2.35), income 2nd highest (PIR =
3.86-4.99), and income highest (PIR > 5.00)]

The model with the psychosocial predictors explained 6.6% of the variance in the

presence of MetS [Wald F (6, 11) = 5.525, p = .007, Nagelkerke R2 = .066]. Physical

Activity [t (16) = 2.80, p < .05, OR = 1.626] and smoking status [t (16) = -4.203, p < .05,

OR = .374] predicted MetS at p < .05 after controlling for each other and the other

psychosocial predictors see (Table 4.23). A high activity level predicted MetS. The odds

of MetS were 62.6% higher for those with a higher activity level than those with low

activity level. A former smoker was less likely to have MetS compared to a current

smoker. The odds of MetS decreased by 62.6% for those who were former smokers

compared with current smokers. Depressive symptoms [t (16) = 2.1017, p < .10, OR =

1.165] and diet [t (16) = -1.985, p < .10, OR = .986] are potentially influential in

predicting MetS (p <.20) after controlling for each other and the other psychosocial

predictors. Higher depressive symptoms predicted MetS. The odds of MetS increased
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16.5% for every one point increase in depressive symptoms score on the PHQ-9. Diet

predicted MetS. For every increase in diet (calories per day) by 1, the odds of MetS

decreased by 1.4%.

Table 4.23  Complex sample logistic regression analysis predicting the presence of MetS
with the psychosocial predictors (N=2.121x108)

Parameter B SE
95% CI Hypothesis

(OR)Lower Upper T Df Sig
Intercept .548 .553 -.623 1.730 .992 16 .336 1.730
Depressive symptomsc .153 .076 -.008 .313 2.017 16 .061* 1.165
Diet ab -.014 .007 -.029 .001 -1.985 16 .065* .986
Physical Activity .486 .169 .128 .884 2.80 16 .011* 1.626
Smoking Status

Never Smoked -.382 .172 -.747 -.018 -2.223 16 .041* .682
Former Smoker -.982 .234 -1.478 -.487 -4.203 16 .001* .374

Sleep b -.048 .048 -.149 .053 -1.006 16 .329 .953
Note. Dependent variable: dichotomized MetS (reference category is 0 for no MetS);
Independent variables: physical activity- (0 for low activity level and 1 for high activity
level); smoking status was dummy coded (reference category is 0 for current smoker, 1
for non-smoker and former smoker); a square root transformed; b winsorized; c log
transformed; * p<.20

A simultaneous CSLR analysis was performed with eight predictors that predicted

the presence of MetS at p < .20 from the separate analysis of the biomedical, biosocial,

and psychosocial, groups of predictors < .20. The model with age, race, education,

income, depressive symptoms, diet, physical activity, and smoking status made a

significant contribution to the presence of MetS and explained 24.8% of the variance of

MetS. Age [t (16) = 9.213, p < .001, OR = 1.061], education [t (16) = 2.551, p < .05, OR

= 1.599], income level of second highest [t (16) = -2.773, p < .05, OR = .555], and

depressive symptoms [t (16) = 2.266, p < .05, OR = 1.248] made significant contributions

to the model after controlling for other predictors (see Table 4.24). Race [t (16) = -1.621,

p < .20, OR = .767] and former smoker [t (16) = -2.082, p < .20, OR = .601] were
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influential in predicting MetS after controlling for other predictors. Activity level and diet

were not significant predictors of MetS at the p < .20.
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Table 4.24  Complex sample logistic regression analysis predicting the presence of MetS
with the biomedical, biosocial, and psychosocial variables with p < .20 in previous
separate analysis of biomedical, biosocial, and psychosocial groups of predictors
(N=1.849x108)

Parameter B SE

95% Confidence
Interval Hypothesis Test

ORLower Upper T df Sig.
Intercept -2.992 .764 -4.612 -1.372 -3.915 16 .001 .050
Age .059 .006 .045 .073 9.213 16 .000* 1.061
Race -.265 .163 -.611 .081 -1.621 16 .125* .767
Education .470 .184 .079 .860 2.551 16 .021* 1.599
Income

Income Poverty -.301 .202 -.730 .127 -1.490 16 .156* .740
Income 2nd lowest -.051 .158 -.386 .284 -.325 16 .750 .950
Income 2nd highest -.589 .212 -1.039 -.139 -2.773 16 .014* .555
Income highest -.373 .159 -.709 -.036 -2.345 16 .032* .689

Depressive Symptomsc .221 .098 .014 .429 2.266 16 .038* 1.248
Dietab .009 .011 -.014 .032 .858 16 .404 1.009
Physical activity .110 .163 -.236 .457 .675 16 .509 1.117
Smoking Status

Never Smoked -.302 .224 -.777 .174 -1.345 16 .197* .740
Former Smoker -.509 .244 -1.027 .009 -2.082 16 .054* .601

Dependent variable: dichotomized MetS (reference category is 0 for no MetS);
a square root transformed; b winsorized; c log transformed
Independent variables: Race (0 for white, non- Hispanic, 1 for racial minority); Education
(0 is for < high school graduate 1 is for education past high school); Income was dummy
coded [reference category is average income (PIR 2.36-3.85), 1 for income poverty (PIR
= 0-1.30), income 2nd lowest (PIR = 1.31-2.35), income 2nd highest (PIR = 3.86-4.99),
and income highest (PIR > 5.00)]; physical activity- (0 for low activity level and 1 for
high activity level); smoking status was dummy coded (reference category is 0 for current
smoker, 1 for non-smoker and former smoker)
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Additional analyses were performed to examine possible contributions of

moderators previously identified in Aim 2. The eight interactions (gender with education,

gender with diet, gender with smoking status, gender with depressive symptoms, race

with income, age with physical activity level, and diet with sleep) that may be influential

in predicting the presence of MetS were added to the model. Variables that were parts of

these interactions (age, gender, race, income, education, diet, physical activity, smoking

status, depressive symptoms, and sleep) were added back into the model even if their

individual contributors to MetS had p > .20 (see Table 4.25). The CSLR model accounted

for 27.2% of the variance in the presence of MetS, but did not make a significant

contribution to the prediction of MetS [Wald F (16, 1) = 34.604, p=.133, Nagelkerke R2

= .272]. Smoking, income, diet, sleep and the interaction of gender with education, diet

with sleep, were not significant predictors of the presence of MetS at p < .20 and were

removed for subsequent analyses.
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Table 4.25  Complex sample logistic regression analysis predicting the presence of MetS
with interactions and biomedical, biosocial, and psychosocial variables involved in the
interactions (N=1.849x108)

Parameter B Std. Err
95% CI Hypothesis Test

ORLower Upper t df Sig.
Intercept -3.269 1.478 -6.403 -.134 -2.211 16 .041 .038
Age .056 .005 .045 .067 10.471 16 .000 1.058
Race -.507 .259 -1.056 .043 -1.956 16 .068 .602
Education .409 .205 -.026 .843 1.993 16 .064 1.505
Smoking Status 16

Never Smoked -.019 .259 -.569 .530 -.074 16 .942 .981
Former Smoker -.282 .319 -.959 .395 -.882 16 .391 .754

Income
Income Poverty -.189 .324 -.876 .498 -.583 16 .568 .828
Income 2nd lowest .088 .360 -.675 .852 .246 16 .809 1.092
Income 2nd highest -.173 .327 -.865 .519 -.530 16 .603 .841
Income Highest .095 .172 -.271 .460 .548 16 .591 1.099

Gender 1.868 1.080 -.421 4.156 1.730 16 .103 6.473
Physical Activity .635 .263 .078 1.193 2.415 16 .028 1.887
Dietab .000 .030 -.063 .063 -.008 16 .994 1.000
Sleep .030 .196 -.386 .446 .153 16 .880 1.031
Depressive Symptomsc .310 .143 .007 .613 2.170 16 .045 1.364
Gender/Education Interaction .222 .314 -.444 .888 .706 16 .490 1.249
Gender/Former Smoker Interaction -.459 .532 -1.586 .668 -.863 16 .401 .632
Gender/Never Smoked Interaction -.639 .456 -1.606 .328 -1.401 16 .180 .528
Income/Race Interaction

Poverty/race
.435 .447 -.512 1.381 .974 16 .345 1.545

2nd lowest/race .249 .321 -.431 .929 .777 16 .449 1.283
2nd highest/race .762 .399 -.084 1.608 1.909 16 .074 2.143
Highest/race .162 .356 -.593 .918 .455 16 .655 1.176

Income/Gender Interaction
Poverty/Gender -.463 .483 -1.487 .562 -.957 16 .353 .630
2nd lowest/Gender -.426 .504 -1.495 .643 -.844 16 .411 .653
2nd highest/Gender -1.133 .600 -2.405 .140 -1.886 16 .078 .322
Highest/Gender -1.005 .440 -1.938 -.072 -2.284 16 .036 .366

Gender/Dietab Interaction .031 .017 -.005 .068 1.805 16 .090 1.032
Age/Physical Activity Interaction .010 .006 -.003 .022 1.624 16 .124 1.010
Diet/Sleep Interaction -.002 .004 -.011 .006 -.558 16 .585 .998
Gender/Depressive Symptomsc

Interaction
-.188 .135 -.474 .097 -1.397 16 .181 .828

Dependent variable: dichotomized MetS (reference category is 0 for no MetS)
Independent variables: Race (0 for white, non- Hispanic, 1 for racial minority); Education (0 is
for < high school graduate 1 is for education past high school); Gender (0 for female, 1 for male);
Income was dummy coded [reference category is average income (PIR 2.36-3.85), 1 for income
poverty (PIR = 0-1.30), income 2nd lowest (PIR = 1.31-2.35), income 2nd highest (PIR = 3.86-
4.99), and income highest (PIR > 5.00)]; physical activity- (0 for low activity level and 1 for high
activity level); smoking status (0 for a non-smoker, 1 for a former smoker, 2 for a current smoker);
a square root transformed; b winsorized; c log transformed
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A simultaneous CSLR analysis was performed with predictors that predicted the

presence of MetS in the separate analysis of the biomedical, biosocial, and psychosocial,

groups of predictors < .20, influential interactions previously found, and variables

involved in the interactions were added back to the model. The interaction of age and

physical activity was the only significant interaction p < .20) that remained in the final

parsimonious model. All non-significant interactions and variables associated with MetS

were removed from the final parsimonious model.

The final parsimonious model that predicts the presence of MetS included eight

predictors: age, gender, race, education, smoking status, depressive symptoms, physical

activity, income, and one interaction: age with physical activity (See Table 4.29). The

model was a significant predictor of the presence of MetS and explained 25.2% of the

variance in the presence of MetS [Wald F (13, 4) = 39.140, p = .001, Nagelkerke R2

= .252]. Education [t (16) = 2.663, p < .05], gender [t (16) = -2.405, p < .005, OR = .707],

highest income [t (16) = -2.338, p < .05, OR = .697], age [t (16) = 13.366, p < .001, OR =

1.056], depressive symptoms, [t (16) = 2.543, p < .05, OR = 1.248], physical activity [t

(16) = 2.176, p =.045, OR = 1.797], and made significant contributions to the model after

controlling for other variable. Race [t (16) = -1.450, p <.20, OR = .800], former smoker [t

(16) = -1.945, p < .20, OR .606] and age with activity [t (16) = 1.443 p < .20, OR =

1.009], made influential contributions to the model after controlling for each other and

other predictors in the model.
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Table 4.26 Final parsimonious complex samples logistic regression analysis model to
predict MetS (N=1.986x108)

Parameter B SE
95% CI Hypothesis Test

ORLower Upper T Df Sig.
Intercept -2.695 .503 -3.760 -1.629 -5.362 16 .000 .068
Race -.223 .153 -.548 .103 -1.450 16 .166 .800
Education .477 .179 .097 .856 2.663 16 .017 1.611
Gender -.347 .144 -.653 -.041 -2.405 16 .029 .707
Income

Income Poverty -.300 .196 -.716 .115 -1.532 16 .145 .740
Income Second -.035 .166 -.386 .316 -.210 16 .836 .966
Income Second Highest -.579 .212 -1.029 -.129 -2.727 16 .015 .560
Income Highest -.361 .154 -.688 -.034 -2.338 16 .033 .697

Age .054 .004 .046 .063 13.366 16 .000 1.056
Depressive Symptomsa .250 .098 .042 .459 2.543 16 .022 1.284
Physical Activity .586 .269 .015 1.157 2.176 16 .045 1.797
Smoking Status

Never Smoked -.352 .213 -.804 .100 -1.653 16 .118 .703
Former Smoker -.501 .258 -1.047 .045 -1.945 16 .070 .606

Age*Activity .009 .006 -.004 .023 1.443 16 .168 1.009
Dependent variable: dichotomized MetS (reference category is 0 for no MetS)
Independent variables: Race (0 for white, non- Hispanic, 1 for racial minority); Education
(0 is for < high school graduate 1 is for education past high school); Gender (0 for female,
1 for male); Income was dummy coded [reference category is average income (PIR 2.36-
3.85), 1 for income poverty (PIR = 0-1.30), income 2nd lowest (PIR = 1.31-2.35), income
2nd highest (PIR = 3.86-4.99), and income highest (PIR > 5.00)]; physical activity- (0 for
low activity level and 1 for high activity level); smoking status (0 for a non-smoker, 1 for
a former smoker, 2 for a current smoker); a log transformed
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Higher education predicted MetS. The odds of MetS were 61% higher for people

who continued their education beyond high school than those who did not continue their

education passed high school. Being female increases the odds of MetS by 29%

compared to males. The highest income level was significantly less likely to have MetS

compared to the middle income group. The odds decrease by 30% for individuals in the

highest income group. The odds of MetS increased 5.6% for every year of age. An

individual with a higher physical activity level was more likely to have MetS than an

individual with a lower physical activity level. An individual increases their odds by 79%

when they have a high physical activity level. White non-Hispanic individuals are more

likely to have MetS. The odds of MetS for those who are white non-Hispanic were 20%

higher than for other racial minorities. A former smoker was less likely to have MetS

compared to a current smoker. The odds were 39% lower for those who were former

smokers compared with those who continue to smoke. Physical activity level moderates

the association between age and MetS indicating the effect of age on MetS depend on

physical activity level. In this study, an older participant with a high physical activity

level were three times more likely to have MetS than 1.3 times more likely to have MetS

compared to older participants with low physical activity level.

4.6.1 Research Aim 3 Hypothesis 3.1 Conclusion

Aim 3 was to identify a parsimonious model to predict MetS. This was

accomplished using a series of logistic regression analyses with CSLR.

Hypothesis 3.1: Biomedical factor (age), biosocial factors (gender, race,

education, income, and marital status), and psychosocial factors (depressive symptoms,

physical activity, diet intake, smoking, and sleep) predict MetS. A series of CSLR
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analyses were performed to predict the presence of MetS to test hypothesis 3.1 MetS was

coded as a dichotomous variable (0 for no MetS and 1 for MetS).

Using the CSLR, the parsimonious model that predicted the presence of MetS

included eight predictors: age, gender, race, education, smoking status, depressive

symptoms, physical activity, income, and one interaction: age with physical activity (See

Table 4.26). The model was a significant predictor of the presence of MetS and explained

25.2% of the variance in the presence of MetS. Marital status was not influential of MetS

in the hypothesized model. Therefore, hypothesis3.1 was partially supported in the

regression analysis with the use of complex samples.

4.7 Summary

Chapter four described data screening, a description of the sample and

main study variables, and the comparison of main study variables with participants

without fasting laboratory data in NHANES 2007-2008. The results of the path analysis

without utilization of complex samples analysis to test hypothesis 1.1-1.3 was discussed.

A path analysis demonstrated that the proposed biopsychosocial model to predict MetS

was consistent with national data. However, the hypotheses 1.1-1.3 were partially

supported. The results of the complex samples logistic regressions were described to test

the hypotheses 2.1-1.2 were supported. The analyses demonstrated the moderating effect

of age and physical activity on MetS and the moderating effect of income and race on

MetS. There were mediating effects among the biosocial and psychosocial Using

complex samples logistic regression, a parsimonious model to predict MetS demonstrated

the evidence to support hypotheses 3.1 and explain 25% of the variance of MetS.
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CHAPTER 5:  DISCUSSION AND CONCLUSION

The purpose of this study was to test the model, “The Biopsychosocial Model of

Metabolic Syndrome”. The study examined the hypothesized relationships between

selected biopsychosocial factors and MetS in non-institutionalized individuals using

national survey data from NHANES 2007-2007. The Concentric Biopsychosocial Model

of Health Status provided the framework for this study.

The proposed conceptual model included four constructs: biomedical (age),

biosocial (gender, race, education, marital status, and income), psychosocial (depressive

symptoms, diet, physical activity, smoking, and sleep) and a health-related outcome,

MetS. According to Hoffman et al.(2000), health/disease outcomes are dynamic

processes that require ongoing adaptation to biological, psychological and social

challenges that arise throughout life. The health/disease outcome, MetS, was measured by

the NCEP-ATP III 2001 criteria, which requires any three of the following predictors:

obesity, insulin resistance, high-density lipoprotein (HDL) cholesterol, triglycerides, and

hypertension (Third report of the national cholesterol education program [NECP] expert

panel on detection, evaluation, and treatment of high blood cholesterol in adults [adult

treatment panel III]. final report, 2002).The biomedical, biosocial, and psychosocial

factors were assessed as contributing factors of MetS and the interactions among the

psychosocial factors.

Data files from the CDC website were downloaded and an analytical file was

created using complex sample analysis to test research hypotheses. After examining the

files, 2,583 of the participants met the criteria for the study. Data were analyzed using
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complex sample descriptive statistics and unweighted data, path analysis using

unweighted data, and complex sample logistic regression.

The discussion is presented is presented in: 1) major descriptive findings and

sample characteristics, 2) hypothesized path model, 3) moderating effects of

biopsychosocial model, 4) mediating effects of biopsychosocial model, 5) parsimonious

model to predict MetS, 6) conclusion, 7) strengths and limitations, 8) implications and

recommendations for nursing practice.

5.1 Major Descriptive Findings and Sample Characteristics

In NHANES 2007-2008, there were 2,583 participants who met the eligibility

criteria of the study: completing both the interview and fasting morning labs in the

physical examination. This represented 212 million non-institutionalized adults living in

the U.S. who met the eligibility criteria: 1) completed the interview and medical

examination; 2) was older than 20 years of age; and 3) were not pregnant.

Participants in the study had a mean age of 46.91 years weighted (complex

samples) and 51.5 years, unweighted data. Females accounted for 51% of the participants.

Almost three quarters of the participants were white non-Hispanic (70.2%, weighted).

Fifty-five percent of the sample furthered their education past high school (55.8%,

weighted). The weighted mean of the poverty income ratio, which ranged from 0-5 was

3.07. Two-thirds of the sample was married or living with a partner (64.5%, weighted).

The sample had low scores of the PHQ-9, which measured depressive symptoms.

The PHQ-9 ranged from 0-27 with higher scores indicating higher depressive symptoms.

The weighted mean of the PHQ-9 score was 3.0 (1.6). Physical activity had a very wide

range of METS per week, 0-55,440. Using complex samples analysis, the mean physical
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activity per week was low, 4,146 METs minutes/week. The number of hours per night

ranged from 1-12 and the weighted mean of sleep was 6.82.

The study participants who met the criteria for MetS represented more than 61

million people who had MetS in the U.S according to the NCEP-ATP III, 2001. More

than 95% of the sample had at least one criterion of MetS. More than half of the sample

had an elevated waist circumference. The weighted mean of the fasting glucose results

was 106.44 (.44).  In the 2001 ATP III definition the fasting glucose criteria was 110

mg/dL and 24% met its criterion. However, in the ATP III, 2005 criterion, the fasting

glucose level was decreased to 100 mg/dL and the prevalence of MetS may have

increased with the lower fasting glucose threshold. The 2005 definition was unable to be

used due to the availability of data in secondary data analysis. Only 20% met the criteria

for elevated blood pressure; however 705 individuals in the sample were white, non-

Hispanic. The racial/ethnic group most at risk for hypertension was African American

and Hispanic, which accounted for less than 30% of the study population.

There were a few differences between participants with and without fasting

morning labs. There were significantly more current smokers without the fasting

laboratory results (49%) than participants with fasting laboratory results (21%). The

participants with fasting laboratory results had a lower weighted mean caloric intake

(2151) as compared to those without fasting laboratory (2565).

5.2 Hypothesized Path Model

The path analysis demonstrated that the hypothesized model of biopsychosocial

factors associated with MetS was consistent with the nationally representative data.

Goodness-of-fit indices indicated a good model fit. Goodness-of-fit indices further
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improved when non-significant path were removed from the model and suggest paths

were added to the model. The final trimmed model had excellent fit indices indicating a

good model fit [(χ2 = 8.87, df = 6, p = .18); (SRMR = .017); (RMSEA = .015); (Relative

χ2 = 1.478); (CFI = 1.0].

Among the 51 hypothesized paths on the path model, 19 were significant and 2

paths contributed significant indirect effects, for a total of 21 paths that remained in the

final model. Age, gender, depressive symptoms, and sleep were significantly associated

with smoking, accounting for 76% of the variance in smoking. Younger females with a

higher depressive symptoms score on the PHQ-9 with less sleep were associated with

smoking. Age, gender, and smoking were significantly associated with physical activity

level, accounting for 8.7% of the variance in physical activity. Younger males who did

not smoke were associated with a higher physical activity level. Using the Canadian

Heart Health Surveys, Brien (2006) found that physical activity decreased with age.

Age, gender, physical activity level, and sleep were significantly associated with

depressive symptoms accounting for 25% of the variance in depressive symptoms. Older

males who were physically activity and who had an increase in hours of sleep per night

were associated with a higher depressive symptoms score on the PHQ-9 questionnaire.

Age, physical activity level, diet, smoking, and sleep were significantly associated with

MetS, accounting for 14% of the variance of MetS. An older person who was a former

smoker, who had an increase in the number of hours of sleep per night, who had a lower

activity level, and consumed more calories per day, was associated with MetS.

The loading coefficient signs were congruent with the model’s hypothesized

conceptual relationships in 20 of the 21 paths that remained in the final model. The path
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between smoking and MetS could not be explained. This path indicated that a non-

smoker or former smoker was associated with MetS compared to an individual who

currently smokes. This relationship was contrary to the literature when an association

between smoking and MetS was found in the study. Researchers found that men and

women who currently smoke had a significant increased risk of MetS after controlling for

covariates (Chen et al., 2008; Dallongeville et al., 2005; Kinder et al., 2004). The British

Regional Heart Study was a prospective study of CVD among men and found men who

currently smoke were more likely to have MetS compared to men who were non-smokers

(Winnamethee et al., 2006). However, two researchers found no statistical difference

between smoking and MetS among men and women in southern Ireland (Villegas et al.,

2004)and among women in Sweden (Lidfeldt et al., 2003).

In addition to the direct effects of the predictors on the outcome variable

demonstrated by significant paths, indirect effects were also discovered. The predictors

(age, gender, depressive symptoms, and sleep) of smoking had direct and indirect effects.

Gender, depressive symptoms, and sleep influenced smoking indirectly through age.

Sleep influenced MetS indirectly through the psychosocial variables, diet and smoking.

Smoking status indirectly influenced depressive symptoms through psychosocial

variables, physical activity and sleep.

In this study, the weighted mean age was over 40 years old and females were

more likely to have MetS compared to males.  Using NHANES 2003-2006, Erin (2009)

found the prevalence of MetS to increase with age. Similarly, researchers found a direct

relationship between age and MetS across the world in Canada, Korea, Sweden, France

Brazil, and Portugal (Cho et al., 2009; Dallongeville et al., 2005; E. S. Ford et al., 2004;
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Lidfeldt et al., 2003; Marquezine et al., 2008). Also, under 40 years of age, males were

more likely to have MetS compared to females (Ervin, 2009).

The biosocial factors, gender, education, income, and marital status were not

significant predictors of MetS in the final path analysis model of this research study.

Three studies were found that supported these findings. Researchers found similar results

regarding the lack of association between gender and MetS (Dunbar et al., 2008; Kinder

et al., 2004; Remsberg et al., 2007). Kinder’s (2004) sample was a population based

sample from NAHNES III, which found similar result as this study. A cross-sectional

study found no gender differences in MetS (Dunbar et al., 2008). Two studies showed no

association between education and MetS supported this study’s findings (Akbaraly et al.,

2009; Laudisio et al., 2009). Laudsio et al. (2007) found no association between

education and MetS using a population-based study with a similar sample (non-pregnant,

males and females aged 25-64) and identical MetS definition (NCEP ATP III). A cross-

sectional study using NCEP-ATP III Dallogeville (2005) found household income to be

inversely related to MetS, but only in women. This studies’ results were similar to other

studies in the literature regarding the lack of association between marital status and MetS

in community-based study and large population research (Heiskanen et al., 2006;

Miettola et al., 2008; Santos et al., 2007).

In this study, physical activity was associated with MetS. Multiple studies were

found that support the physical activity is beneficial for decreasing the incidence of MetS.

Many large cross-sectional studies from various countries including Canada, Australia,

Mexico, U.S., China, Asia, and Germany found an inverse relationship between physical

activity and MetS (Brien & Katzmarzyk, 2006; Cho et al., 2009; Churilla & Fitzhugh,
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2009; Hahn et al., 2009; Mendez-Hernandez et al., 2009; Vaughan et al., 2009; Yao et al.,

2006). Using the same MetS definition as this study, Brouwer, Vissern, and Van Der

Graaf (2007) conducted a cross-sectional analysis of patients with arterial disease and

found that after adjusting for age, sex, and smoking, regression analysis showed that

patients who were physically active had a significantly lower risk of MetS than the least

active patients.

In this study, high caloric intake was associated with MetS in the path analysis.

One study measuring caloric intake was found and supported these research findings.

Katcher et al. (2008) examine whether a hypoclaric diet (500 kcal per day less) with

whole-grain foods enhanced weight loss among obese adults aged 20-65 years with MetS.

Using random assignment, a hypocaloric diet (500 kcal/day less) was associated with

MetS regardless of whole grain consumption (Katcher et al., 2008).

In this study, the greater number of hours slept per night was associated with an

increase risk of MetS in the path analysis. One study was found that supported higher

sleeping hours with an increased metabolic risk. Santos (2007) randomly sampled

individuals aged 18-92 and found those with a higher mean of sleeping hours had an

increased metabolic risk in men and women after controlling for confounders. Long and

short sleep durations have been associated with coronary heart disease (Ayas et al., 2003)

and type 2 diabetes (E. M. Goldbacher & Bromberger, 2009; Yaggi et al., 2006).

5.3 Moderating Effects of the Factors of the Biopsychosocial Model

The hypothesis 2.1 examined the moderating effects of the biomedical, biosocial

and psychosocial amongst themselves and as predictors of MetS. The researcher was

unable to find current literature to support the results found for the moderating effects of
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the relationship between biosocial factors and psychosocial factors with MetS. In this

study, income significantly moderates the relationship between race and MetS (p < .05)

indicating that the effect of race on MetS depends on income. In this study, a white non-

Hispanic individual in the lowest income group and the racial minorities in the highest

income group are 1.5 times more likely to have Mets compared to the white non-Hispanic

middle income group. Physical activity level moderates the association between age and

MetS indicating the effect of age on MetS depend on physical activity level. In this study,

an older participant with low physical activity level was 1.3 times more likely to have

MetS compared to a younger participant with a high physical activity level.

While gender was not directly associated with MetS in the path analysis, biosocial

and psychosocial factors influenced the strength of the relationship between gender and

MetS. Education potentially moderates the association between gender and Mets,

indicating that the effect of gender on MetS depends on education. Educated (some

college) females were half as likely to have MetS compared to those females who had

graduated from high school. The relationship between gender and Mets was strengthened

by the moderating effects of psychosocial variables: depressive symptoms, and smoking

status. Depressive symptoms moderated the association between gender and MetS

indicating that the effect of gender on MetS depends on depressive symptoms. In this

study, females with elevated depressive symptoms score were 1.5 times more likely to

have MetS than males with low depressive symptoms score. Smoking moderates the

association between gender and MetS indicating that the effect of gender depends on

smoking status. In this study, males who currently smoke were 1.4 times more likely to
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have MetS than females who currently smoke.  Santos, Ebrahim, and Barros (2007)found

that smoking and MetS were associated depending on gender.

5.4 Mediating Effects of the Factors of the Biopsychosocial Model

The hypothesis 2.2 examined the mediating effects of the biosocial and

psychosocial factors amongst themselves and MetS. In this study, the predictor variables

to examine were chosen if they were statistically significant in predicting MetS. The

researcher was unable to find current literature for comparison of mediating results found

in this study specifically related to MetS. The mediation results of diet in this study

presented below indicate that lower calories consumed yields higher MetS indirectly. In

this study only the number of calories was measured, not the type of calorie or food

consumed, carbohydrate, fat, or whole grain.

Age and physical activity totally mediated the relationship between diet and MetS.

A decrease in calories consumed per day was associated with a 1.6% decrease in the

likelihood of MetS through the effect of a lower physical activity level. An increase in

calories consumed per day was associated with a 2.4% increase in the likelihood of MetS

through the effect of aging.

Education, physical activity, and smoking status totally mediated the relationship

between depressive symptoms and MetS. A 1-point increase in depressive symptoms

measured by PHQ-9 was associated with a 17% increase in MetS through the effect of an

individual’s educational level. A 1-point increase in depressive symptoms was associated

with an 18% increase in MetS through the effect of an individual’s physical activity level.

A 1-point decrease in depressive symptoms was associated with a 1.4% decrease in MetS

through the effect of smoking.
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There was total mediation of age and diet in the association between physical

activity and MetS. A change from a low physical activity level to a high physical activity

level was associated with a 65% increase in the likelihood of MetS through the effect of

aging. A change from a low physical activity level to a high physical activity level was

associated with only a small 5.3% increase in the likelihood of MetS through the effect of

lower number of calories consumed per day.

There was total mediation of income, diet, and smoking status in the association

between education and MetS. An increase in an individual’s educational level was

associated with a 56% increase in MetS through the effect of a lower income status. A

decrease in educational level was associated with a 26.5% increase in MetS through the

effect of being a current smoker. An increase in educational level was associated with a

2.6% increase in MetS through the effect of lower calories consumed per day. A decrease

in educational level was associated with a 26.5% increase in MetS through the effect of

being a current smoker.

Age, education, income, and depressive symptoms totally mediated the

association between smoking status and MetS. A change in smoking status to currently

smoking was associated with a 53.5% increase in MetS through the effect of aging. A

change in smoking status to currently smoking was associated with a 35% increase in

Mets through the effect of having middle income status compared to a poverty level

income. A change in smoking status to currently smoking was associated with a 7.6%

increase in MetS through the effect of increased depressive symptoms.
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5.5 Parsimonious Model to Predict Metabolic Syndrome

The parsimonious model with age, gender, race, education, income, depressive

symptoms, physical activity, smoking, and the interaction between age and physical

activity explained 25.2% of the variance in the presence of MetS. Age and gender were

significantly associated with the presence of MetS. Being older and female was

significantly associated with a higher presence of MetS. This was consistent with other

studies’ findings (Cho et al., 2009; Ervin, 2009; E. S. Ford et al., 2004; Marquezine et al.,

2008). Income was significantly associated with MetS. The higher an individual’s income,

the less likely they were to have MetS. This was consistent with other studies’ findings

(Dallongeville et al., 2005; Marquezine et al., 2008; Matthews et al., 2008).

Race was significant at the 0.2 probability level as a predictor of the presence of

MetS, and interacted with other variables in the model to contribute to the overall

explained variance of MetS.  According to Marquezine et al. (2008), race was not a

significant predictor or MetS. Ervin (2009) found that race was depended on gender in its

prediction of MetS. Also, among females, race was not a significant predictor of MetS

and this study had more females than males.

Education was negatively associated with MetS. Studies have shown an inverse

relationship between education and MetS (Matthews et al., 2007; Raikkonen et al., 2007;

Wilsgaard & Jacobsen, 2007). More recent research has found no association between

education and MetS (Akbaraly et al., 2009; Laudisio et al., 2009). No association was

found between marital status and MetS, which was consistent with the scarce amount of

literature regarding MetS and marital status (Heiskanen et al., 2006; Miettola et al., 2008;

Santos et al., 2007).
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Psychosocial factors had a significant impact in MetS except for diet and sleep.

Depressive symptoms were significantly associated with MetS. The higher the depressive

symptoms, the more likely an individual was to have MetS. A one point increase on the

PHQ-9, there was a 28% increase in the odds of the presence of MetS. Unfortunately,

depressive symptoms and depression are used interchangeably in the literature with many

tools to measure each. Researchers have found that an increase in depressive symptoms

results in an increase the prevalence of MetS using measures other than the PhQ-9. Study

results are comparable to other research studies. A study of the elderly (ages 70-79)

found a positive association between depressive symptoms and MetS (Dunbar et al., 2008;

Engel, 1977; Raikkonen et al., 2007; Vogelzangs et al., 2007).

Physical activity was statistically associated with MetS. In this study, participants

with a lower physical activity level were more likely to have MetS. This finding was

consistent with other research studies (Brien & Katzmarzyk, 2006; Cho et al., 2009;

Churilla & Fitzhugh, 2009; Hahn et al., 2009; Mendez-Hernandez et al., 2009; Vaughan

et al., 2009; Yao et al., 2006). Brouwer, Vissern, and Van Der Graaf (2007) conducted a

cross-sectional analysis of patients with arterial disease (n = 1,301) to examining the

relationship between leisure activity measured by METS and MetS measured by the

NCEP-ATP III  2001 definition. After adjusting for age, sex, and smoking, regression

analysis showed that patients who were physically active (> 15 MET/h per week) had a

significantly lower risk of MetS than the least active patients (OR = 0.50, 95% CI 0.33-

0.75) (Brouwer et al., 2007).

Smoking was statistically associated with MetS. The odds of MetS were 39%

lower for a former smoker compared to a current smoker. In this study, the data limited
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the measurement of smoking and was unable to capture packs/year. However, the results

support that ceasing smoking could improve the odds of the presence of MetS. The

British Regional Heart Study was a prospective study of CVD among men ages 40-59 in

24 British towns. The results showed that men who currently smoke are more likely than

non-smokers to have an increased prevalence of MetS, after adjusting age and other

psychosocial factors including physical activity, alcohol, and total fat intake

(Winnamethee et al., 2006). A large study in France revealed smoking to be associated

with MetS among both men and women (Dallongeville et al., 2005).

In this study, diet and sleep were not significant factors of the parsimonious

model predicting the presence of MetS. There is limited research in the literature

regarding sleep and MetS. In this study, diet was limited in its measurement. Diet was

defined as the number of calories consumed in a 24-hour period creating difficulty to

compare results. Katcher et al.(2008) found that a hypoclaric diet (500 kcal per day less)

regardless of the whole grain intake enhanced weight loss over 12 weeks among obese

adults aged 20-65 years with MetS. However, researchers did not predict MetS in this

study. Much of the prospective studies examining diet, incorporate physical activity into

the methodological research design. As part of the Oslo Diet and Exercise Study, 188

men were randomized to one of the four groups (diet alone, exercise alone, diet and

exercise, and control group). The prevalence of MetS was significantly lower in diet and

exercise group than the control group. However, the prevalence of MetS in the diet only

group was statistically less than the control group at the one year follow-up (Anderssen et

al., 2007). In this study, sleep was measured as the number of hours slept per night.

Jenning et al.(2007) found poor sleep quality to be related to MetS. Other researchers
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found the greater the number of hours of sleep per night, the greater the prevalence of

MetS (Choi et al., 2008; Steptoe et al., 2006). The low mean hours of sleep per night

(6.82) in this study could account for the non-significant result between the association of

sleep and MetS.

5.6 Conclusion

This study examined the biopsychosocial factors associated with MetS using

NHANES 2007-2008 based on the proposed conceptual model, “The Biopsychosocial

Model of MetS”. This study sampled 2,583 adults aged 20-80 who represent 212 million

civilian, non-institutionalized citizens living in the U.S who a not pregnant and over 20

years aged.

Twenty-nine percent met the criteria for MetS in this population. Age was

positively associated with MetS (p < .001) and the mean age of this sample was 46.91

(weighted, complex samples). Only 4.8% of the 2.212 X 108 (212 million) participants

did not have any components of MetS: obesity, hypertension, elevated fasting glucose,

elevated triglycerides, low HDL. More than half of the participants (52.6%, weighted)

met the elevated waist circumference using the NCEP-APTIII criterion (waist

circumference > 102 cm for males and > 88 cm for females.

The path analysis model for biopsychosocial factors associated with MetS fit the

national representative data for non-pregnant civilians over 20 years aged. All

biopsychosocial factors from the hypothesized model directly or indirectly influenced

MetS explaining 14% of the variance of MetS. Assuming the model is appropriate, MetS

is caused by biomedical factor [age (older)], biosocial factor [gender (female)] and

psychosocial factors [physical activity (low), diet (high calories), smoking (former), and
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sleep (increased)]. Depressive symptoms was not statistically significantly associated

with MetS, but mediated relationships with MetS including the relationship between age

and Mets and the relationship between physical activity and MetS.

While gender was not directly associated with MetS in the path analysis, biosocial

and psychosocial factors influenced the relationship between gender and MetS in the

complex samples logistic regression analyses. Female participants with a lower

educational attainment were more likely to have MetS. In this study, females with

elevated depressive symptoms score (PHQ-9) were one and half times more likely to

have MetS than males with low depressive symptoms score. Using complex samples

analysis and mediation techniques, the relationship between education and MetS is

mediated by the effect of income and smoking status. An increase in an individual’s

educational level was associated with a 56% increase in MetS through the effect of

income status. An increase in educational level was associated with a 26.5% increase in

MetS through the effect of smoking status.

Examining the biomedical, biosocial, and psychosocial factors using complex

samples logistic regression, all biopsychosocial factors except marital status, diet and

sleep were associated with MetS. Being female increased the odds of MetS by 29%

compared to males. A current smoker was more likely to have MetS compared to a

former or nonsmoker. The odds were 39% lower for those who were former smokers.

This study found income to be a significant moderator between race and MetS

indicating white non-Hispanic individuals in the lowest income group and racial

minorities in the highest income group were 1½ times more likely to have MetS

compared to the White non-Hispanic middle income group. The moderating effect of age
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and physical activity was associated with MetS and remained in the final parsimonious

model. This effect indicates that older individuals with decreased physical activity level

were 1.3 times more likely to have MetS compared to younger individuals with a increase

in physical activity level.

In the complex samples logistic regression analyses all the psychosocial factors

except sleep were mediators between biosocial/psychosocial factors and MetS. Income

status mediated the effect of educational level and MetS. A current smoking status was

associated with an increase in MetS and this relationship was mediated through the effect

of aging and depressive symptoms. The mediating effect of educational level and

physical activity level changed the relationship between depressive symptoms and MetS.

Using the Biopsychosocial Model of MetS, this study reported that older white non-

Hispanic female participants with an elevated PHQ-9 score who currently smoke are the

most at risk for MetS.

5.7 Limitations and Strengths

This study was a secondary data analysis using existing data; therefore, it was not

possible for the researcher to control variable definition, measurement, data collection,

and other essential aspects of the design process. These limitations extend to the study’s

type of variables and statistical software that were required in order to fully address the

aims of the study. Thus, the study has the following limitations.

First, the path analysis was unable to account for the complex samples analysis

and limited to unweighted data for non-normal data with a dichotomous outcome. The

results of the path analysis are potentially bias estimates since complex samples analysis
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was not utilized. Therefore, the findings of the path analysis have limitations when being

generalized to the national population.

Second, the inability to control the variable definition for smoking and diet were

limiting. The optimal definition for smoking would have been the number of packs/year.

However, other researchers utilizing the NHANES data report similar issues of copious

amounts of missing data to calculate packs/year (Chen et al., 2008; E. S. Ford, 2005a).

The definition of smoking status utilized in this study was similar to other researchers, so

results could be compared. Diet measured as the number of calories per day was not

informative. Diet might have remained in the parsimonious model if defined as a

particular diet including a low fat diet, Mediterranean diet, low carbohydrate diet, etc.

Two researchers described the positive effects of a high phytochemical diet. The

Mediterranean diet decreased MetS and its individual components (Babio et al., 2009;

Minich & Bland, 2008).

Third, a number of pathophysiological factors were not measured in the study.

Stress leads to physiological changes in the body, including neurohormal activity and an

inflammatory process. According to Rosemond (2005), consistent over activation of the

stress systems (sympathetic adrenomedullary system SAM and hypothalamic-pituitary-

adrenal) can result in metabolic changes, including, high blood pressure, serum

triglycerides, glucose, waist circumference, and low high-density lipoprotein (HDL)

cholesterol, which are the defining factors of MetS. Known proinflammatory markers

include C-reactive protein (CRP), interleukin 1, interleukin 6 (IL6), tumor necrosis factor

α (TNF-α). C-reactive protein, produced by hepatocytes, is regulated by IL-6 and TNF-α

and is found in the endothelium of atherosclerotic plaques, smooth muscle cells,
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macrophages, and adipocytes.  The relationship between MetS and CRP has been studied

across many age groups from preschool children to the elderly. Studies found that as the

number of risk factors of MetS defined by NCEP-ATP III increased, the serum levels of

hsCRP increased (Jung et al., 2008; Kahn et al., 2006; Ye et al., 2007). These factors may

explain more of the variance of MetS.

Finally, this study was a cross-sectional descriptive study; therefore, the

relationships among the variables found in the study cannot prove the casual effect

relationships among variables. The study findings can provide evidence towards the

associations among the variables in the study.

Despite the limitations of this study, there was an impressively large amount of

strength in this study. Using an existing database had the advantage of providing access

to a cost-free large representative sample instead of a convenience sample. The database

had extensive well established participant evaluations that included questionnaires and

physical examinations. Also, this vast database allowed examination of the conceptual

model, “The Biopsychosocial Model of Metabolic Syndrome” with sufficient sample size

and power.

This study was the first to examine the mediating and moderating effects of

biomedical, biosocial, and psychosocial variable in the association among themselves and

MetS. These mediating and moderating factors are meaningful in understanding MetS

and how the psychosocial variables influence MetS. Also, the first study to measure

depressive symptoms in a comprehensive biopsychosocial model of MetS.

The finding of this study can be used to design future studies aimed at

investigating the mechanisms among the psychosocial factors and MetS. The findings of
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this study can guide nurses and other health care providers to improve the psychosocial

aspects of individuals, which will in turn decreases the prevalence of MetS, type 2

diabetes, and heart disease. Lastly, the study findings except for the path analysis can be

generalized to the non-pregnant, non-institutionalized adults in the U.S.

5.8 Implications and Recommendations

5.8.1 Implications for nursing practice

Nurses in all areas of health care are critical in addressing the psychosocial factors

of MetS including depressive symptoms, diet, and physical activity. Nurses are

responsible for assessing patients and addressing their biomedical and biosocial, and

psychosocial status via education. This study offers evidence that psychosocial factors are

essential elements associated with MetS beyond the traditional medical model. Nurses

should understand the influence of psychosocial factors on MetS and make

recommendations to their patients regarding avenues to prevent, improve, or even reverse

their MetS through alterations in their psychosocial status.

Advanced practice nurses manage MetS using pharmacologic and non-

pharmacologic treatments. The results of this study indicate that certain demographic

groups were susceptible to disfavored psychosocial status, increased risk for MetS. A

younger female with a higher depressive symptoms score on the PHQ-9 was likely to

smoke. Older males or current smokers were likely to have a low physical activity level.

Older males or individuals who have an increase in number of hours slept per night are

more like to have higher depressive symptoms. Older individuals, individuals with an

increase in the number of hours of sleep per night, lower activity level, and/or individuals

who consume excessive calories per day are likely to have MetS. Acknowledging these
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factors will help the practitioner identify individuals at risk of poor psychosocial status

and MetS related health outcomes including type 2 diabetes and CVD. Practitioners need

to recognize that there are needs greater than pharmacologically managing the factors of

MetS including hypertension or dyslipidemia based on this study’s findings. Practitioners

should develop and apply a more holistic approach to preventing and managing MetS to

prevent to trajectory to type 2 diabetes by integrating biological and psychological

aspects of MetS.

A depressive symptoms screening tool such as the PHQ-9 could be easily

implemented into a health care visit to assist in differentiating a patient’s symptoms from

MetS and/or depressive symptoms, which could include appetite changes or sleep pattern

changes. Furthermore, the PHQ-9 could be used to assess the need for additional support

and/or professional help for improve overall health status. Once depressive symptoms are

identified in a patient, other tools to measure depressive symptoms on a longitudinal

spectrum such as the Beck’s Depression Inventory could be instituted on a regular basis

to evaluate severity of depressive symptoms and/or treatment effectiveness. High

physical activity and smoking cessation were associated with lower risk of MetS.

Advanced practice nurses can manage or refer patients with MetS to appropriate

pharmacological or non-pharmacological treatments to manage depressive symptoms

and/or weight management. This holistic approach will prevent the trajectory of MetS to

type 2 diabetes and CVD.

Individuals are unable to alter their genetic predisposition to MetS, but certainly

can influence the environmental aspects of their life to prevent or reverse MetS. Policies

are necessary to help initiate healthy lifestyle changes. Initially, the most effective
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lifestyle changes to reduce MetS are improved diet (portion control and fresh fruits and

vegetables) and increase physical activity.

Dr. Kathleen McNicholas, a cardiothoracic surgeon at Christina Care Health

Services in Newark, DE, develop a program titled “No Heart Left Behind” to help

combat the risk factors of MetS and CVD. This program was developed to inspire teens

to become advocates for improving heart disease among women by focusing on a healthy

waist circumference. According Dr. McNicholas, a visual aid is the best tool to teach

women about the excess abdominal adipose tissue (personal communication, April 26,

2011). The program educates women about the dangers of excess adipose tissue (> 35

inches in females and > 40 inches in men): elevates blood glucose, proinflammatory

states, elevated blood pressure, alters blood lipids, and increases insulin resistance. Dr.

McNicholas uses a ribbon that does not stretch to visually show individuals their goal

waist circumference, which will reverse the dangers of excessive abdominal adipose

tissue (Dr. Kathleen McNicholas, personal communication, April 26, 2011).

5.8.2 Recommendations for future research

According to Hoffman’s theoretical model (Hoffman & Driscoll, 2000), the

psychosocial status influence not only disease states, but may improve health outcomes.

Therefore, further research is needed to explore parsimonious models to predict

psychosocial factors in the Biopsychosocial Model of MetS including physical activity

and depressive symptoms. This study demonstrated the mediating and moderating roles

of psychosocial factors between biomedical/biosocial variables and components of MetS

such as obesity. In this study, more than half of the participants (52.6%, weighted) met

the elevated waist circumference using the NCEP-APTIII criterion (waist circumference
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> 102 cm for males and > 88 cm for females. Most studies of psychological factors were

cross-sectional in design. Prospective longitudinal studies are essential to test the

mechanism among the biomedical factors, biosocial factors, psychosocial factors, MetS

in high risk individuals.

While NHANES data provided a wealth of data related to MetS, there was not

sufficient information regarding medication use and definitive past medical history to use

the 2005 revised version of the NCEP-ATP III definition. Obtaining individuals’ accurate

medications and past medical history would allow the use of the revised NCEP-ATP III

definition of MetS, which has the lower criterion for fasting blood glucose (100 mg/dL)

that corresponds with the American Diabetes Association’s recommendations. Also, in

this revised ATP III definition an individual would meet the blood pressure criteria if

prescribed and taking a medication for high blood pressure. Using this definition would

have yielded a higher prevalence of MetS. Finally, NHANES could add better measures

of diet and exercise to future surveys.

Depressive symptoms are significantly was associated with MetS and measured as

depressive symptoms and not depression in this study. Considering that MetS can lead to

type 2 diabetes, future research is needed to examine the influence of depressive

symptoms on type 2 diabetes measured via the PHQ-9. This depressive symptoms

questionnaire is the easiest to incorporate as a screener tool into a primary care visit. A

more controlled study with a homogeneous sample with type 2 diabetes needs to be

conducted to provide more evidence of the effectiveness of PHQ-9 as a screener tool for

depression.
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5.9 Summary

In chapter five, the discussion of study findings, limitations and strengths,

conclusions and implications for nursing practice and research were described. This study

supported the proposed conceptual model and the contributions of the biopsychosocial

factors to MetS in non-pregnant non-institutionalized adults in the U.S. Future research

needs to be conducted to identify mechanisms of the association between the

psychosocial factors and MetS and to improve the psychosocial status of the U.S.

population, which will improve the factors of MetS, decreasing type 2 diabetes and heart

disease.
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Appendix B: Measures of the factors for the study

Data File Exact Text Question # Label Response
Set

Level of
Measure

Metabolic Syndrome

Body
Measurements
(BMX_E)

Waist Circum-
ference  (cm)

BMXWAIST Waist
Circum-
ference (cm)

(# 0-200)
hard edit

#37.8-
178.2

Continuous

Blood Pressure
(BPX_E)

Systolic: Blood
pressure (1st
reading) mm
Hg

BPXSY1 Systolic:
Blood pres
(1st rdg)
mmHg

#74-230 Continuous

Diastolic:
Blood pressure
(1st reading)
mmHg

BPXDI1 Diastolic:
Blood pres
(1st rdg)
mmHg

# 0-116 Continuous

Systolic: Blood
pressure (2nd

reading) mmHg

BPXSY2 Systolic:
Blood pres
(2nd rdg)
mmHg

# 76-220 Continuous

Diastolic:
Blood pressure
(2nd reading)
mmHg

BPXDI2 Diastolic:
Blood pres
(2nd rdg)
mmHg

# 0-122 Continuous

Systolic: Blood
pressure (3rd
reading) mm
Hg

BPXSY3 Systolic:
Blood pres
(3rd rdg)
mmHg

# 74-222 Continuous

Diastolic:
Blood pressure
(3rd reading)
mm Hg

BPXDI3 Diastolic:
Blood pres
(3rd rdg) mm
Hg

# 0-120 Continuous

Systolic: Blood
pressure (4th
reading if
necessary) mm

BPXSY4 Systolic:
Blood pres
(4th rdg) mm

# 80-214 Continuous
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Data File Exact Text Question # Label Response
Set

Level of
Measure

Hg Hg

Diastolic:
Blood pressure
(4th reading if
necessary) mm
Hg

BPXDI4 Diastolic:
Blood pres
(4th rdg) mm
Hg

# 0-118 Continuous

Glucose
(GLU_E)

Fasting
Glucose
(mg/dL)

LBXGLU Fasting
Glucose
(mg/dL)

# 38-584 Continuous

HDL-
Cholesterol
(HDL_E)

Direct HDL-
Cholesterol
(mg/dL)

LBDHDD Direct HDL-
Cholesterol
(mg/dL)

# 7-155 Continuous

Triglycerides
and LDL-
Cholesterol
(TRIGLY_E)

Triglyceride
(mg/dL)

LBXTR Triglyceride
(mg/dL)

# 12 to
2549

Continuous

Depressive Symptoms (PHQ-9)

Depression
Screener
(DPQ_E)

Over the last 2
weeks, how
often have you
been bothered
by the
following
problems: little
interest or
pleasure in
doing things?
Would you
say…

DPQ010 Little
interest in
doing things

0- Not at
all
1- Several
days
2- More
than half
the days
3- Nearly
every day
7-
Refused
9- Don’t
know

Ordinal

[Over the last
2 weeks, how
often have you
been bothered
by the
following
problems:]
feeling down,
depressed, or
hopeless?

DPQ020 Feeling
down,
depressed,
or hopeless

0- Not at
all
1- Several
days
2- More
than half
the days
3- Nearly
every day
7-

Ordinal
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Data File Exact Text Question # Label Response
Set

Level of
Measure

Refused
9- Don’t
know

[Over the last 2
weeks, how
often have you
been bothered
by the
following
problems:]
trouble falling
or staying
asleep, or
sleeping too
much?

DPQ030 Trouble
sleeping or
sleeping too
much

0- Not at
all
1- Several
days
2- More
than half
the days
3- Nearly
every day
7-
Refused
9- Don’t
know

Ordinal

[Over the last 2
weeks, how
often have you
been bothered
by the
following
problems:]
feeling tired or
having little
energy?

DPQ040 Feeling tired
or having
little energy

0- Not at
all
1- Several
days
2- More
than half
the days
3- Nearly
every day
7-
Refused
9- Don’t
know

Ordinal

[Over the last 2
weeks, how
often have you
been bothered
by the
following
problems:]
poor appetite or
overeating?

DPQ050 Poor
appetite or
overeating

0- Not at
all
1- Several
days
2- More
than half
the days
3- Nearly
every day
7-
Refused
9- Don’t
know

Ordinal

[Over the last 2
weeks, how
often have you
been bothered
by the

DPQ060 Feeling bad
about
yourself

0- Not at
all
1- Several
days
2- More

Ordinal
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Data File Exact Text Question # Label Response
Set

Level of
Measure

following
problems:]
feeling bad
about yourself-
or that you are
a failure or
have let
yourself or
your family
down?

than half
the days
3- Nearly
every day
7-
Refused
9- Don’t
know

[Over the last 2
weeks, how
often have you
been bothered
by the
following
problems:]
trouble
concentrating
on things, such
as reading the
newspaper or
watching TV?

DPQ070 Trouble
concentratin
g on things

0- Not at
all
1- Several
days
2- More
than half
the days
3- Nearly
every day
7-
Refused
9- Don’t
know

Ordinal

[Over the last 2
weeks, how
often have you
been bothered
by the
following
problems:]
moving or
speaking so
slowly that
other people
could have
notices? Or the
opposite- being
so fidgety or
restless that
you have been
moving around
a lot more than
usual?

DPQ080 Moving or
speaking
slowly or
too fast

0- Not at
all
1- Several
days
2- More
than half
the days
3- Nearly
every day
7-
Refused
9- Don’t
know

Ordinal

[Over the last 2
weeks, how
often have you
been bothered

DPQ090 Thought you
would be
better off
dead

0- Not at
all
1- Several
days

Ordinal
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Data File Exact Text Question # Label Response
Set

Level of
Measure

by the
following
problems:]
Thoughts that
you would be
better off dead
or of hurting
yourself in
some way?

2- More
than half
the days
3- Nearly
every day
7-
Refused
9- Don’t
know

How difficult
have these
problems made
it for you to do
your work, take
care of things
at home, or get
along with
people?

DPQ100 Difficulty
these
problems
have caused

0- Not at
all
1- Several
days
2- More
than half
the days
3- Nearly
every day
7-
Refused
9- Don’t
know

Ordinal

Physical Activity

Physical
Activity
(PAQ_E)

Does your
work involve
vigorous-
intensity
activity that
causes large
increases in
breathing or
heart rate like
carrying or
lifting heavy
loads, digging
or construction
work for at
least 10
minutes
continuously?

PAQ605 Vigorous
Work
Activity

1-yes
2-no
7-refused
9-don’t
know

Dichotomous

In a typical
week, on how
many days do
you do
vigorous-
intensity

PAQ610 Days
physical
work

#1-7
77-
refused
99-don’t
know

Continuous
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Data File Exact Text Question # Label Response
Set

Level of
Measure

activities as
part of your
work?
How much
time do you
spend doing
vigorous-
intensity
activities at
work on a
typical day?

PAD615 Minutes
vigorous-
intensity
work

0-960 Continuous

Does your
work involve
moderate-
intensity
activity that
causes
increases in
breathing or
heart rate such
as brisk
walking or
carrying light
loads for at
least 10
minutes
continuously?

PAQ620 Moderate
work
activity

1-yes
2-no
7- refused
9- don’t
know

Dichotomous

How much
time do you
spend doing
moderate-
intensity
activities on a
typical day?

PAD630 Minutes
moderate-
intensity
work

10-1440 Continuous

Do you walk or
bicycle for at
least 10
minutes
continuously to
get to and from
places?

PAQ635 Walk or
bicycle

1-yes
2-no
7- refused
9- don’t
know

Dichotomous

How much
time do you
spend walking
or bicycling for
travel on a
typical day?

PAD645 Minutes
walk/bicycle
for
transportatio
n

10-600 Continuous
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Data File Exact Text Question # Label Response
Set

Level of
Measure

Do you do any
vigorous-
intensity sports,
fitness, or
recreational
activities that
cause large
increases in
breathing or
heart rate like
running or
basketball for
at least 10
minutes
continuously?

PAQ650 Vigorous
recreational
activities

1-yes
2-no
7- refused
9- don’t
know

Dichotomous

How much
time do you
spend doing
vigorous-
intensity sports,
fitness or
recreational
activities on a
typical day?

PAD660 Minutes
vigorous
recrea-tional
activities

10-990 Continuous

Do you do any
moderate-
intensity sports,
fitness, or
recreational
activities that
cause a small
increase in
breathing or
heart rate such
as brisk
walking,
bicycling,
swimming, or
golf for at least
10 minutes
continuously?

PAQ665 Moderate
recrea-tional
activities

1-yes
2-no
7- refused
9- don’t
know

Dichotomous

How much
time do you
spend doing
moderate-
intensity sports,
fitness, or

PAD675 Minutes
moderate
recreational
activities

10-720 Continuous
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Data File Exact Text Question # Label Response
Set

Level of
Measure

recreational
activities on a
typical day?

Diet Intake

Total Nutrient
Intakes

(DR1TOT_E)

Energy (kcal) DR1TKCAL Energy
(kcal)

#0-13509 Continuous

Smoking

Smoking -
Cigarette Use
(SMQ_E)

Smoked at least
100 cigarettes
in life

SMQ020 Have you
smoked at
least 100
cigarettes
in your
entire life?

1- Yes
2- No
7-
Refused
9- Don’t
know

Ordinal

Do you now
smoke
cigarettes

SMQ040 Do you
now smoke
cigarettes?

1-Every
day
2- Some
days
3- Not at
all
7-Refused
9-Don’t
know

Sleep

Sleep Disorders
(SLQ_E)

How much
sleep do you
usually get at
night on
weekdays or
workdays?

SLD010H How much
sleep do you
get (hours)?

#1-11
12- 12
hours or
more
77-refused
99-don’t
know

Continuous

Age

Demographic
Variables and
Sample
Weights
(DEMO_E)

Best age in
years of the
sample person
at time of HH
screening.
Individuals 80
and over are
topcoded at 80
years of age.

RIDAGEYR Age at
Screening
Adjudicated
-Recode

# 0-80 Continuous
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Data File Exact Text Question # Label Response
Set

Level of
Measure

Gender

Demographic
Variables and
Sample
Weights
(DEMO_E)

Gender of the
sample person

RIAGENDR Gender-
Adjudicated

1-Male
2-Female

Nominal

Race/Ethnicity

Demographic
Variables and
Sample
Weights
(DEMO_E)

Recode of
reported race
and ethnicity
information.

RIDRETH1 Race/Ethnic
ity- Recode

1-Mexican
American
2- Other
Hispanic
3- Non-
Hispanic
White
4- Non-
Hispanic
Black
5- Other
Race-
Including
Multi-
Racial

Nominal

Education

Demographic
Variables and
Sample
Weights
(DEMO_E)

What is the
highest grade
or level of
school you
have completed
or the highest
degree you
have received

DMDEDUC2 Education
Level-
Adults 20+

1- Less
Than 9th

Grade
2- 9-11th

Grade
(Includes
12th grade
with no
diploma)
3- High
School
Grad/GED
or
Equivalent
4- Some
College or
AA
degree
5- College
Graduate
or above

Ordinal
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Data File Exact Text Question # Label Response
Set

Level of
Measure

7-
Refused
9- Don’t
Know

Marital Status

Demographic
Variables and
Sample
Weights
(DEMO_E)

Marital Status DMDMARTL Marital
Status

1- Married
2-
Widowed
3-
Divorced
4-
Separated
5- Never
married
6- Living
with
partner
77-
Refused
99- Don’t
know

Nominal

Income

Demographic
Variables and
Sample
Weights
(DEMO_E)

Ratio of family
income to
poverty
threshold

INDFMPIR Ratio of
family
income to
poverty

0-5.00 Continuous
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