Religion and Healthy Eating among
Seventh-Day Adventists in West Malaysia
Min Min Tan, BSc, MPH

A thesis submitted for the degree of Doctor of Philosophy at
Monash University Malaysia in 2016
Global Public Health,
Jeffrey Cheah School of Medicine and Health Sciences

Dedicated to Ting Ting, my daughter
This is your thesis too!

Copyright notice
© Min Min Tan (2016). Except as provided in the Copyright Act 1968, this thesis
may not be reproduced in any form without the written permission of the author.

ABSTRACT
Introduction: Religion/Spirituality has been shown to be salutary on health, and a
possible link between religion and positive health outcomes is diet. Research has
shown that religiosity is associated with better diet but most studies were
conducted in a multi-denominational context, which might be confounded with
theological differences. Thus, the first aim of this study was to examine the
relationship between individual religiosity and diet within a homogenous group of
believers.

Neighbourhood characteristics have an effect on health above and beyond the
effect of the individual characteristics of those living in the neighbourhood.
Neighbourhood might affect the health of its residents by influencing the
adoption and maintenance of health behaviours. People of the same faith often
practice religious activities together and religious congregation could be
considered a community of faith and similar to neighbourhoods. Thus, the
characteristics of a religious congregation might influence the health behaviour
and health of the congregants. The second aim of this study was to examine
whether congregational conservativeness would be significantly associated with
the diet of congregants even after taking account of their demographics and
individual levels of religiosity.
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This study also examined whether social gradient exists in a group of healthconscious Christian and whether health behaviours (dietary habits, alcohol
consumption and exercise) mediate the relationship between religiosity and
health outcomes (systolic and diastolic blood pressure and blood glucose level).

Methods: The study population was all Seventh-Day Adventists residing in West
Malaysia, aged 18-80. This study used a cross-sectional, multilevel survey design.
There were two surveys; the first was congregational and the second, individual.
In the first survey, 45 congregations returned questionnaires about congregational
conservativeness. In the second survey, 574 Adventists returned questionnaires
about

religiosity,

diet,

lifestyle,

self-reported

history

of

diseases

and

demographics. One hundred of the 574 Adventists also participated in a healthy
screening where their blood pressure, blood glucose level, weight and height, and
waist and hip circumferences were measured.

To examine the relationship between individual religiosity and diet and whether
social gradient existed in the diet of the participants, multiple regressions were
conducted. Multilevel linear regressions were conducted to determine whether
congregational conservativeness was significantly associated with the diet of the
congregants above and beyond individual factors. To examine whether health
behaviours mediated the relationship between religiosity and health outcomes,
path analysis was conducted.

vi

Results: While none of the religious variables were significantly associated with
fruit and vegetable intake, a higher level of religiosity was associated with better
dietary habits and vegetarian status. Congregational conservativeness predicted
individual dietary habit above and beyond individual characteristics; a higher
congregational conservativeness was positively associated with better individual
dietary habits scores. None of the religious variables were associated with fruit
and vegetable intake at individual and congregational level. Social gradient still
existed in the dietary habits of the participants. Health behaviours did not
mediate the relationship between religiosity and health outcomes; the direct effect
of religiosity on health outcomes was more important than the indirect effect.

Conclusions: The finding supports the role of religion as a potential channel to
promote health by encouraging the believers to adopt a healthy diet.
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THESIS OUTLINE
Chapter 1 outlines the history of religion, spirituality and health and how religion
and spirituality might influence health. Issues in the study of religion, spirituality
and health are discussed. The research aims, objectives and questions and the
significance of research are included.

Chapter 2 reviews past studies on religion, spirituality and diet. The social
determinants of health and the role of neighbourhood in influencing the health of
its residents are discussed. It also includes the major health studies conducted
among the Seventh-Day Adventists.

Chapter 3 describes the sampling frame, recruitment of participants and methods
used to answer the research questions.

Chapter 4 presents the descriptive results of the participants, which include
demographics, religiosity, diet, lifestyle, self-reported anthropometric measures
and history of diseases.

Chapter 5 includes a published paper that reports the results of the study on the
relationship between individual religiosity and dietary behaviours. Additional
statistical analysis is included and the results are compared with those of the
published paper.
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Chapter 6 includes a published paper that reports the results of the social gradient
study on dietary habits.

Chapter 7 describes the findings from the multilevel modelling of congregational
characteristics and individual dietary habits and vegetarian status.

Chapter 8 reports the results of path analysis of religion, spirituality and health
outcomes mediated by health behaviours.

Chapter 9 summarizes the main findings of the study and describes the strengths
and limitations of this study, and the implications for health promotion.
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CHAPTER 1: INTRODUCTION
Religion/spirituality has been shown to have a salutary effect on physical and
mental health. Many religions believe in the sanctity of human body and one of
the proposed mechanisms where religion/spirituality benefits health is through
the practice of health-promoting behaviours. In addition, the characteristics of the
religious neighbourhood where a believer belongs to might also encourage him or
her to adopt health-promoting behaviours and thus leading to positive health
outcomes at individual level.

The

focus

of

this

thesis

was

to

examine

the

relationship

between

religion/spirituality and health and dietary behaviours. Diet is an important part
of religion and many religions have laws regarding what food to eat or to avoid.
This thesis includes four sub-studies: (1) an examination of the relationship
between individual religiosity and dietary habits; (2) an examination of social
gradient in the dietary habits of a group of health-conscious Christians; (3) a
multilevel examination of whether congregational characteristics predict
individual dietary habits above and beyond individual religiosity; and (4) a
mediation analysis of health behaviours in the relationship between religion,
spirituality and health outcomes.

This introduction chapter contains six sections. The first section provides an
overview of the history of religion, spirituality and medicine. The associations
between religion, spirituality and mental and physical health are also included.
1

The second section discusses four proposed mechanisms where religion benefits
health. The third section discusses two main issues in the study of religion,
spirituality

and

health:

conceptualization

and

measurements

of

religion/spirituality. The research aim, objectives and questions are presented in
the fourth and fifth sections. The last section discusses the significance of the
study.

1.1. Religion, Spirituality and Medicine: A Brief History
Religion and medicine have a long interwoven history. They coexisted ever since
the appearance of human societies. Their separation only occurred about two to
three hundred years ago (Koenig, 2000).

During prehistoric times and ancient civilizations such as in Egypt and
Mesopotamia, there was no distinction between a religious leader and a healer.
Diseases were understood in the context of religion – either they were due to
possession and disturbance by demons or evil spirits, or a sign of displeasure of
gods towards their followers. Religious leaders i.e. priests, were believed to possess
supernatural power and able to communicate with gods, through which they
would be able to heal the sick. To placate the offended gods or to exorcise, the
priests performed the specific rituals and rites such as prayers, casting of spells,
dancing, incantations, and presentation of offering. The preparation of medicines,
which consisted of herbs and animal parts, was commonly accompanied with
incantations, and prescribed together with amulets. The sick might also need to

2

perform religious rites during treatment and when taking medicines (Magner,
2005).

Even Greco-Roman medicine, the foundation of modern Western medicine and
known for its emphasis on empirical evidences and rationality, also has an
“irrational” side that explained diseases in terms of religion (Eijk, 2011). Asclepius1,
the god of medicine and healing, was widely worshipped in Greece. Hippocrates,
the Father of Medicine, who believed that diseases had natural rather than
supernatural causes, “traced his ancestry back to Asclepius on his father’s side and
to Hercules on the maternal side” (Magner, 2005). Renowned second century A.D
Greek physician Galen, a prolific writer whose contributions in physiology
influenced Western medicine for a several centuries, believed that human
anatomy and functions were designed by God (Subbarayappa, 2001).

During the Christian era, caring for the sick played a significant role in religion.
The central figure of Christianity, Jesus, was both an itinerant Old Testament
teacher and a healer. Christianity, “a religion of salvation or healing” according to
Adolf Harnack (1908), manifests such interest in caring for the sick because of
Jesus’s injunction to clothe the poor and look after the sick (Matthew 25:36, New
International Version). Furthermore, the rise of demonology during the third
century, where there was a growing emphasis on the role of demons in disease
causation, helped paved the way for the caring for the sick to emerge as the
principal part of Christianity in the fourth century (Ferngren, 1992).
1

whose snake-entwined staff is a modern symbol of medicine

3

Religion and medicine remained interwoven throughout the Middle Ages (4001400 A.D). The theologians of the time divided medicine into two categories:
human medicine, which employed physical treatment such as bloodletting,
prescription of herbs and drugs; and religious medicine, which included prayers
and exorcism (Magner, 2005). Diseases were still regarded as punishments from
God or a test of faith – the medieval people believed that successful healing was by
itself a miracle, even when human medicine was used. The Church then was the
major care provider for the sick. Few laypersons were practicing medicine; most of
the physicians were monks or priests. The duty to care for the sick paved way to
the establishment of institutionalized care. St. Basil, bishop of Caesarea founded
the first major hospital in Asia Minor, just outside the wall of Caesarea, around
370 A.D for the poor and the sick (Conrad et al., 1995).

However, during the twelfth century A.D, the Church was concerned about monks
making monetary gains from medical practice and neglecting their clerical duties,
and thus issued decree forbidding them from attending medical lectures (Carson
et al., 2012). They were allowed to practice medicine but not for monetary gains.
The restrictions placed on monks led to medicine becoming a more secular
practice carried out by laypersons.

Further separation between religion and medicine occurred at the beginning of
Renaissance, around 1400 A.D, when the certification of physicians became the
responsibility of the state (Koenig, 2000). The church continued to provide care
for the sick but its influence was reduced due to the prevailing abuses and
4

superstitions. With the coming of the Enlightenment period the role of the church
in medicine was further reduced. The end of French Revolution on 1802 also
marked the complete separation of religion and medicine (Koenig, 2000).

For the next 200 years, the antagonism from the scientific community toward
religion gradually surfaced. The publication of Charles Darwin’s book, On the
Origin of Species, in which he proposed the theory of evolution, further
undermined the status of religion. Thomas Huxley, a supporter of Darwin, wrote
extensively against religion and became its main opponent.

In 1872, Sir Francis Galton, a cousin of Charles Darwin, conducted a retrospective
case-control study on the efficacy of prayer by going through the official death
records. He compared the lifespan of members of royal house, who were being
prayed publicly and frequently; clergy (who prayed for others regularly); and lay
persons; and found that all three groups passed away around similar age (Galton,
1872). Then he compared the still birth rates between praying and non-praying
women and found them similar too (Galton, 1872). Thus, Galton concluded that
prayer does not improve health. This study was probably the very first scientific
attempts to verify the relationship between religion and health.

As religion and medicine went their separate ways, the former attracted a new
group of researchers – the psychologists, hence a new discipline, the “psychology
of religion,” arose during the late nineteenth century. Some of the pioneers in this
field included the founding fathers of psychology such as William James, G.
5

Stanley Hall, J. H. Leube and D. Starbuck. They were interested in religious
phenomena and their effects on behaviours and health. The nineteenth century
also saw the flourish of academic journals related to the psychology of religion
(Beit-Hallahmi, 1974).

However, the psychology of religion went out of favour during the 1930s, most
likely due to the rise of psychoanalysis and behaviourism (Beit-Hallahmi, 1974).
Sigmund Freud, the founder of psychoanalysis and a fervent critique of religion,
labelled religion as pathological – “Religion is comparable to a childhood neurosis”
(Freud, 1989). Any research related to religion was looked upon with suspicions by
the scientific community. Beith-Hallahmi (1974) commented about the change of
trends in psychology since the 1930s: “sex became a very fashionable area of
research, while religion became a taboo subject.” Those who wanted to venture
into the psychology of religion were intellectually ostracised. To make the matter
worse,

the

scientific

studies

of

religion

and

spirituality

were

flawed

methodologically. It was also commonly assumed that religiosity and spirituality
could not be studied scientifically because they are immaterial and out of the
realm of science (Miller & Thoresen, 2003).

However, during the 1990s, the interest in religion and medicine was reignited,
partly due to improved research methodology and the increased evidence that
religion is salutary to health (Miller & Thoresen, 2003). Starting in the early 1990s,
the study of religion and health has been increasingly recognized as a legitimate
domain of scientific inquiry and is becoming more established (Miller & Thoresen,
6

2003). The number of studies related to religion and spirituality is on the rise
yearly. Weaver et al. (2006) examined the number of articles published between
1965 and 2000 and concluded that there is a “statistically significant upward trend
across years… for the rate of articles dealing with religion and spirituality.” In the
United States, religion is being incorporated into medical school syllabus. In 2000,
70 out of 126 medical schools in the U.S are offering religion and medicine as
elective or compulsory courses, whereas 10 years ago only 5 were doing so (Koenig,
2000).

Between 2000 and 2010, at least 21,000 quantitative studies examining the
relationship between religion and health have been published (Koenig et al., 2012),
covering a wide range of health outcomes and behaviours and many of them have
shown that religion has a positive association with health (Chatters, 2000). The
positive association has been found consistently in diverse samples, designs,
methodologies,

religious

measures,

health

outcomes,

and

population

characteristics (Levin & Chatters, 1998b), for example, adolescents (Lytle et al.,
2003; Wong et al., 2006), middle-aged and the elderly (Levin et al., 1996); men and
women (Hixson & Morgan, 1998; Pitel et al., 2012); Jews (Benjamins, 2012; Shmueli
& Tamir, 2007), Protestants and Muslims (Abdel-Khalek, 2007, 2010); in crosssectional (Ayers et al., 2010), case-control (Burazeri, 2008), and cohort studies (Lee
et al., 2009); in developed countries (Hill et al., 2007) as well as the less developed
ones (Naewbood et al., 2012); and in different ethnic groups (Arredondo et al.,
2005; Fife et al., 2011; Levin & Markides, 1988).
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1.1.1. Religion, Spirituality and Mental Health
Historically, in Western medicine, religious organizations provided the best
healthcare for the mentally ill in the early Christian era; unfortunately, during the
Renaissance, religious organizations were also the fiercest oppressor and
persecutors of the mentally ill (Koenig & Larson, 2001). As mentioned earlier,
religion and spirituality were seen as incompatible in psychology and it was only
during the 1990s that it was being examined more seriously. About 80% of the
studies looking at the relationship between religion and health examined mental
health, and the majority of them showed a positive association between religion
and lower risks of a wide range of mental illness and disorders (Koenig, 2012).

Depression, one of the most common mental disorders, is the fourth leading cause
of burden among all diseases (World Health Organization, 2001). The majority of
studies that examined religion and depressive symptoms showed that a higher
level of certain dimensions of religiosity such as intrinsic religiosity, religious
attendance, and religious involvement is associated with reduced risks of
depressive symptoms and disorders (Koenig & Larson, 2001; McCullough & Larson,
1999). Clinical trials that examined the effects of religious interventions on
depression also found that depressed religious patients who received religious
interventions such as discussions about the Koran and pastoral counselling
recovered faster compared with those that received non-religious intervention or
no intervention (Azhar & Varma, 1995; Propst et al., 1992; Razali et al., 1998). In
addition to depression, other studies also showed a protective effect of religion
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against suicide, which is one of the most severe outcomes of depression (Dervic et
al., 2004; Gearing & Lizardi, 2009; Nisbet, 2000).

In addition to depression and suicide, a higher level of religion has been found to
be associated with various psychological outcomes such lower stress level (Chang
et al., 2001; Larson, 2006; Oman, 2006), better psychological well-being (Ellison,
1991; Green & Elliott, 2010; Levin & Chatters, 1998a), lower level of negative
emotions such as anxiety among mainline Protestant and frequent church
attenders (Koenig & George, 1993).

1.1.2. Religion, Spirituality and Physical Health
The effects of religion on nearly every type of major diseases including cancers has
been studied (Levin & Chatters, 1998b). The positive link between religion and
positive physical health might stem from the positive influence of religion on
mental health, the fact that religion helps to reduce stress level and buffers the
negative effects of stress physiologically (Koenig et al., 2012).

The majority of the earlier studies on religion and physical health compared
religions or religious denominations and have focused on cardiovascular diseases,
hypertension and stroke, and overall and cause-specific mortality (Levin &
Chatters, 1998b). Religious denominations that have stricter behavioural rules,
such as the Seventh-Day Adventists, Mormons and Orthodox Jews, tend to have
relatively lower risks of cardiovascular diseases, hypertension, stroke, cancer at
various sites, and lower overall and cause-specific mortality compared to the
general population (Levin & Schiller, 1987).
9

More recent studies that examined the level of religiosity also reported a salutary
effect of religion on cardiovascular diseases and hypertension (Burazeri, 2008;
Jaffe, 2005; Obisesan et al., 2006; Powell et al., 2003). A higher level of religiosity is
also associated with fewer risk factors of cancer (Gillum & Williams, 2009) and
better quality of life and life satisfaction among cancer patients (Ringdal, 1996;
Yates et al., 1981). A 12-year longitudinal study assessed the risk of functional
disability among 2812 elderly people and found that frequent religious attendance
predicted a delayed onset of disability and better functioning (Idler & Kasl, 1997).

1.2. Proposed Links between Religion, Spirituality and
Positive Health Outcomes
Chatters (2000) outlined several categories of factors that link religion and
positive health outcomes. They include (1) lifestyle and behaviours; (2) social
resources; (3) coping resources and behaviours; (4) positive attitudes, beliefs and
emotions, based on previous studies (Ellison, 1991; Ellison & Levin, 1998; Idler,
1987; Levin, 1996; Levin & Chatters, 1998c; Levin & Vanderpool, 1989; Maton &
Wells, 1995),

1.2.1. Lifestyle and Behaviours
One of the proposed mechanisms by which religion benefits health is through the
adoption of religious practices that are also health-promoting (Ellison & Levin,
1998). Many religions view the human body as sacred and include specific
prohibitions against unhealthy behaviours, which are considered irreverent and
not only harmful physically but also spiritually. This view, however, needs to be
tempered by the fact that some religious adherence may also result in poorer
health outcomes, such as extreme asceticism. Notwithstanding that, numerous
10

studies have shown that religion is negatively associated with many harmful
behaviours such as smoking (Blay, 2008; Koenig, George, Cohen, et al., 1998),
alcohol drinking (Michalak et al., 2007; Patock-Peckham et al., 1998), substance
abuse (Miller et al., 2000; Steinman, 2008), risky sexual activities (Rostosky et al.,
2003; Whisman et al., 2007); and positively associated with good health
behaviours such as the use of preventive health care services (Benjamins, 2006;
Benjamins & Brown, 2004), physical activity (Strawbridge et al., 2001), and seat
belt use (Suris et al., 2005).

1.2.2. Social resources
Another mechanism whereby religion might benefit health is through a variety of
social resources such as social ties and social support available to the members
within a religious community. Religious gatherings offer ample opportunities for
social interactions. Considerable evidence shows that various aspects of social
resources are positively associated with better physical and mental health (Thoits,
2011; Uchino, 2006, 2009). Compared to less frequent attenders and non-attenders,
those who attend religious services regularly had larger and denser social network,
received more instrumental support from other members within the religious
community, and reported feelings of being cared for and valued (Ellison & George,
1994). The role of religious support in the relationship between religion and health
has only begun to be examined recently and studies have shown that social
support received from other members within the religious community where one
belongs mediates the relationship between religion and physical health (Krause,
2006a; Olphen et al., 2003) and mental health (Kendler et al., 2003; Nooney &
Woodrum, 2002).
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1.2.3. Coping resources and behaviours
Coping is the process of interpreting and responding to stressors (Lazarus &
Folkman, 1984, p. 141). Empirical evidence has shown that stress-coping strategies
have an effect on health (Halonen & Davis, 2001). Religious coping is the efforts to
understand and deal with life’s stressors in ways related to the sacred (Pargament
et al., 2011) and is distinctive from nonreligious coping (Fetzer Institute, 1999;
Pargament et al., 1990). Religious coping also helps people find meaning in life’s
challenging events and situations. Many people use religious coping to deal with a
wide range of illness and negative life events, and they tend to cope more
effectively than those who do not use religious coping (Pargament et al., 1990;
Pieper et al., 1992). Religious coping also add unique variance to the prediction of
health above and beyond non-religious coping (Pargament, 2001).

Pargament et al. (2011) proposed two opposite patterns of religious coping:
positive religious coping, where people use religion to seek spiritual support and
negative religious coping, where people express doubts about God. Positive
religious coping is associated with better health outcomes; negative religious
coping, on the other hand, is associated with worst health outcomes and
behaviours (Pargament et al., 2004; Witvliet et al., 2004) .

1.2.4. Positive attitudes, beliefs and emotions
Religion might boost positive emotions and help neutralize negative emotions and
encourage related positive psychological traits (Koenig, 2012). Religion is
positively associated with wellbeing, self-esteem and optimism (Crabtree &
Pelham, 2009; Koenig & Vaillant, 2009; Krause, 2003; Krause, 2006b). Through the
12

teaching of humility, which might increase a sense of guilt due to the high moral
standards and focus on sin, religion seems to be detrimental to one’s self-esteem.
On the other hand, religious doctrines, which view the deity as loving and caring,
might encourage positive attitudes and beliefs about one’s self worth, thus helping
a person to find meaning in life and improves his or her self-esteem. Low selfesteem is associated with the development of depressive symptoms subsequent to
life stress (Roberts & Kassel, 1997) and higher free cortisol stress responses
(Pruessner et al., 1999), and religion might be beneficial to health through
promoting self-esteem.

Interestingly, even though it is expected that a religious person, who believes that
God or the Transcendent is in control of the world, would exhibit greater external
locus of control, studies have shown that religious people tend to have a greater
internal locus of control (Pargament & Hahn, 1986). A study showed that locus of
control mediated the relationship between religiosity and life satisfaction
(Norman, 1995). In addition, religions also encourage positive emotions such as
forgiveness, optimism, which are also associated with better health (Lawler et al.,
2005; Szondy, 2006; Toussaint et al., 2001).

1.3. Issues in Religion, Spirituality and Health Research
1.4. [This section relies substantially on, and incorporates a published systematic
review on the relationship between religion, spirituality, and the intake of fruit,
vegetable and fat intake (Tan et al., 2013)]
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1.3.1. Conceptualization
In the research of religion and health, one of the major issues is defining religion
and spirituality in a way that supports their measurement. Historically, the
notions of religion and spirituality have often been used interchangeably;
however, recently there has been a trend towards distinguishing the two concepts
(Hill et al., 2000). Broadly, religion include “beliefs, practices, and rituals related
to the Transcendent or the Divine” (Koenig, 2011) while spirituality is concerned
with the “connection to that which is sacred, the transcendent” and also “a search
for the transcendent and the discovery of the transcendent” (Koenig et al., 2012).
Religion/religiosity tends to convey a negative impression that it is related to
organized religion and theological rigidness while spirituality is viewed more
positively and is associated with personal experience of the transcendent.

For research purposes, Koenig (2011; 2012) recommends the understanding of
spirituality within the context of religion, and making a distinction between
people who are “(1) spiritual (the deeply religious) (2) those who are not deeply
religious but for whom religion may be a part of their lives (the religious, but not
spiritual), and (3) those who are neither religious nor spiritual and who might be
called secular or humanistic.” In other words, spirituality is considered a subset of
religion. The category “spiritual but not religious” is excluded to avoid confusion.

In this study, the definitions according to Koenig (2011; 2012) were used. Unless
otherwise specified, the term religion/religiousness/religiosity were used
interchangeably with spirituality.
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1.3.2. Measurements
The measurement of religiosity remains a significant challenge for research in the
area. Religiosity is a latent construct which is not directly observable but may be
inferred from a series of indicators, such as religious attendance and private
religious activities (Miller & Thoresen, 2003). Disentangling the relationship
between religion and health is further complicated because of overlaps in the
latent constructs. Many spirituality scales include items that measure positive
psychological states such as peacefulness, meaningfulness etc., which when
correlated with health outcomes, guarantees a positive relationship, because these
positive psychological states are already positively associated with positive health
outcomes (Koenig, 2008a). For example, the 20-item Spiritual Well-Being scale,
which contains 10 existential well-being items that also measure psychological
well-being (Paloutzian & Ellison, 1982). Some other common latent constructs
include attitude, health, cognition etc. “Great care must be used to identify and
verify the validity of such indicators” (Berry, 2005). Thus, religion scales that
contain positive psychology items should be avoided.

Historically, religion and health research has been mainly conducted among
believers of Judeo-Christian faith, and most studies were carried out in the U.S. As
a result, the common measures of religion have been developed for these contexts
and may not be suitable for Eastern religions, especially those practiced outside
the U.S. The concern necessarily raises the issue of whether it is possible to have a
universal/global measure of faith (faith-neutral) or whether there is a need for
specific measures for religion (faith-specific) (King & Crowther, 2004) since
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different religions might have a different understanding of a theological concept
(e.g. devotion to God) and different practices for the same concept. For example,
while weekly church attendance is encouraged in Christianity, in Hinduism and
Buddhism temple worship could be done on any day and at any time during the
week.
The most commonly used religion measure has been the single-item religious
attendance measure because of its “ease of use” (Hall et al., 2008). In addition, in
many studies, religion data were collected as part of large epidemiological or
social studies whose focus was not religion and health and this can be a drawback
(Hill & Pargament, 2003; Levin, 1994). It is generally accepted that religion is a
multidimensional construct (Fetzer Institute, 1999), which means that a singleitem measure such as religious attendance will be insufficient to capture all
dimensions except possibly in the most general sense. This also limits insights that
can be gained about the relationship between religion and health. Recently, more
specific scales have been developed to measure different dimensions of religion
(Fetzer Institute, 1999).

In order to capture the multidimensional aspect of religion, in this study other
dimensions of religion such as private religious activities, intrinsic religiosity and
Sabbath-keeping were also measured, in addition to religious attendance. These
scales were developed in a Christian context and they were (as will be seen
shortly) suitable for the participants of this study, who were also Christians.
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1.4. Research Aim and Objectives
The aim of this study was to understand the relationship between
religion/spirituality and health. The specific objectives were:


To understand the relationship between individual religiosity and healthy
diet



To identify whether social gradient still exists in the dietary habits of a
health-conscious population



To identify whether the composition of religious congregations had an
effect on individual diet above and beyond the individual effects of
religiosity



To understand the relationship between religiosity, health behaviours, and
measurable health outcomes

1.5. Research Questions
The research questions of the study include the following:
I.

What is the relationship between individual religiosity and diet among
Seventh-day Adventists in West Malaysia?

II.

Does congregational conservativeness predict individual diet over and above
individual factors (religiosity and demographics)?

Additional subsidiary research questions included the following:
I.

Does the social gradient remain in the dietary habits of the Seventh-Day
Adventists in West Malaysia?
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II.

Do alcohol consumption, dietary habits and exercise mediate the
relationship between individual religiosity and health outcomes among the
Seventh-day Adventist in West Malaysia?
*Individual religious variables include organized religiosity (attendance of
religious services), non-organized religiosity (private religious activities such
as prayer, reading of religious literature), intrinsic religiosity and Sabbath
keeping.

1.6. Significance of Research
Religion is considered important by many people around the world (Crabtree &
Pelham, 2009). One recent survey estimated that 51% of the population in the
world believe in god(s) (Duffy, 2011). Another survey conducted in 143 countries
showed that the majority of people, especially those from Africa and Asia, held
that religion is an important part of their lives (Crabtree & Pelham, 2009). In
Malaysia, 99.07% of the population have a religion (Department of Statistics, 2011).

Specifically, this thesis examined the relationship between religion and dietary
behaviour. Unhealthy diet is a major risk factor in the development of noncommunicable diseases (NCD), which are responsible for about 63% of death
globally (2011). The World Health Organization (WHO) made the following
recommendations for an optimal diet (World Health Organization, 2013a):


Achieve energy balance and a healthy weight
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Limit energy intake from total fats and shift fat consumption away
from saturated fats to unsaturated fats and towards the elimination of
trans-fatty acids



Increase consumption of fruits and vegetable, and legumes, whole
grains and nuts



Limit the intake of free sugars



Limit salt (sodium) consumption from all sources and ensure that salt
is iodized

Globally, diet-related diseases kill about 36 million people every year (World
Health Organization, 2003). Malaysia is one of the developing countries
undergoing a nutrition transition, where there is a “shift away from relatively
monotonous diets of varying nutritional quality… toward more varied diets that
include more pre-processed food, more foods of animal origin, more added sugar
and fat, and often more alcohol” (Popkin et al., 2001, p. 3). The prevalence of dietrelated diseases in Malaysia is expected to increase (Noor, 2002). Thus, there is an
urgency to promote healthy eating in the country.
Food plays an important role in religion and many religions have laws about food.
It is possible that people who consider religion important will also follow the diet
required by their religion. The long-term dietary practices required by most
religions could have an influence on the adherents’ health and the outcomes of
diet-related diseases. Many solutions have been proposed to reduce the incidence
of diet-related disease, thus, the current study could help to explore whether
religion could be another channel to promote healthy eating.
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Most of the previous studies on religion and health included samples from the U.S
and other Western countries; there are only a handful of studies from Asia and
Africa. The current study was conducted in Malaysia, an Asian country where the
research of religion, health, and diet is still underexplored. It is unknown whether
Malaysians experience similar health benefits from religion as those from the
Western countries, and the current study aimed to examine whether religion
influenced diet differently in a multiracial setting in Malaysia.

In this study, the Seventh-day Adventist in West Malaysia was chosen as the
target population. The Adventists are a group of conservative Christians and
according to the Adventist doctrine, the believers are to shun biblically unclean
meat such as pork and shellfish, and smoking and alcohol are strictly prohibited.
Vegetarianism is encouraged because it is believed that that is the original diet
intended by God. If Adventists chose not to be vegetarians, they are still
encouraged to consume more fruit, vegetable and nuts, and less animal products.
In North America, about 36% of the Adventist vegans/vegetarians and Adventists
enjoy better health than the general population (Butler et al., 2008). However, it
is unknown whether the Adventists in West Malaysia also exhibit similar
prevalence of vegetarianism and experience similar health benefits as those
Adventists in North America.

Smoking and alcohol consumption are rare among the Adventists (Butler et al.,
2008). Even though there is no smoking and alcohol consumption statistics of
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Malaysian Adventists, it is very likely that the prevalence of these two practices are
also low among Adventists in Malaysia since smoking and alcohol drinking are
prohibited according to Adventist doctrine of health. As smoking and alcohol
consumption are the two major confounding factors in nutritional research, the
very low prevalence of the two practices means that the Adventists are an ideal
group for epidemiological study.

The earlier studies of Adventists compared Adventists with other religions or
Christian denomination. However, the study of religion and diet should also go
beyond simple denominational comparisons. Potentially insightful studies include
those that examine degree of religiosity/spirituality and diet within a single
denomination. Every denomination has different teaching about diet, thus a single
denominational study eliminate the need to control for denominational
differences (Lee et al., 2009). Another aim of this study was to examine the
relationship between religion and diet in a single denomination.

Social gradient has been shown to exist in many health outcomes and health
behaviours where people with higher socioeconomic status (SES) enjoy better
health and are more likely to be involved in health-promoting behaviours (Adler &
Ostrove, 1999). Adventists are a group of health-conscious Christians. Typically,
before joining the Adventist church through baptism, a person will go through
Bible study that includes lessons on healthy living, and baptized Adventists who
attend religious services regularly are exposed to various church-based health
promotion activities. It is likely that SES plays a lesser role in influencing the
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health behaviours of the Adventists. This study also examined whether social
gradient still existed in the dietary habits of the Adventists.

Even though religion is practiced individually, it is also a community activity, and
each religious congregation is a miniature neighbourhood by itself, where
adherents of the same faith gather regularly and interact with each other. It has
been recognized that the characteristics of the neighbourhood where individuals
live has an impact on their health behaviours above and beyond individual
characteristics (Macintyre et al., 1993). It is possible that the characteristics of
religious congregations also influence the dietary choices of the congregants. Even
though healthy diet is part of Adventist doctrine, there might be different level of
adherence in different congregations. It is possible that the more conservative
congregation tends to adhere more strictly to the dietary guidelines. However, it is
unknown whether the characteristics of a congregation exert an influence on
dietary practices of its members above and beyond individual characteristics.
Congregational effect and dietary intake has never been explored. Thus, another
aim of the current study was to investigate whether congregational characteristic
predict dietary intake over and above individual effects by using multilevel
analysis.
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CHAPTER 2: LITERATURE REVIEW
This chapter comprises of four sections. The first section is a literature review on
religions, spirituality and diet. This section includes a published systematic review
on the relationship between religion, spirituality and the intake of fruit, vegetable
and fat, and a discussion of the relationship between religion, spirituality and
other dietary measures. The second section examines the social determinants of
health. The third section discusses neighbourhood and health. The fourth section
provides an overview of the health studies conducted among the Seventh-Day
Adventists.

2.1. Religion, Spirituality and Diet
[This section relies substantially on, and incorporates a published systematic review on
the relationship between religion, spirituality, and the intake of fruit, vegetable and fat
intake (Tan et al., 2013)]

As mentioned in Introduction, one of the proposed mechanisms that religion
benefits physical health is through health-promoting lifestyle and behaviours.
Certain health practices are endorsed and encouraged by most religions, such as
healthy eating. In fact, most religions have specific dietary guidelines regarding
what food to eat or avoid. These guidelines fall into two categories. The first
category involves “a temporal abstinence from all or certain foods (fasting)” – the
majority of religions have fasting guidelines; for example, Muslims fasting during
Ramadan, and oriental orthodox Christians fasting before Holy Communion. The
second category relates to “stable and distinctive dietary habits that differ from
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the general population”; for example, Muslims consume halal meat, and Jews
consume kosher meat (Sabate, 2004).

The main purposes of these dietary guidelines are for spiritual advancement rather
than health per se. However, the long term dietary practices required by certain
religions could be a protective factor in preventing diet-related diseases. For
example, the Seventh-day Adventist Church and the Church of Jesus Christ of the
Latter-day Saints both encourage their believers to consume more fruit and
vegetable and less fat. There is evidence that Adventists, Mormons and adherents
of religions with strict dietary guidelines have healthier diets, better physical
health and longer lifespans than the general population (Enstrom, 1978; Mills et
al., 1994). Even in religions that do not have specific dietary guidelines or
restrictions, the teaching that the body is sacred might encourage the adoption of
a healthier diet. There is evidence that where a religion has stipulated dietary
requirements that (intentionally or unintentionally) endorse a diet that
empirically is found to result in better health outcomes, adherents of that faith
tend to have better health outcomes.

Notwithstanding the importance of food in many religions, there is a surprising
scarcity of research on the relationship between religion and diet. According to
the first edition of the Handbook of Religion and Health (Koenig et al., 2001), the
most comprehensive review about religion and health to date, there were only
seven studies on religion and diet before 1990. The second edition of this
Handbook (2012) reviewed 21 studies about religion and diet between year 2000
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and 2012. Sixty-two per cent showed a positive association i.e. higher measured
religiosity is associated with a healthier diet.

A few other reviews also identified generally positive associations between religion
and a healthier diet. Groan and Van Der Heid (1959), for instance, reviewed the
role of dietary cholesterol in the development of atherosclerosis and coronary
thrombosis among adherents of different religions. They found that Jews and
vegetarian Trappist monks have a lower cholesterol level than the comparable
groups. Shatenstein and Ghadirian (1998) reviewed the differences in health
behaviours, including dietary practices, among different religious groups. In
another review, Sarri, Higgins, and Kafatos (2006) examined religious dietary
practices and physical health among Muslims, Seventh-day Adventists, orthodox
Christians, Jews, Buddhists, and a few other religions. There was an inconsistent
finding about the influence of Ramadhan fasting on physical health among
Muslims, and an overall positive relationship between religious dietary practices
and health in other religions.

2.1.1. Religion, Spirituality and the Intake of Fruit, Vegetable and
Fat
2.1.1.1. Introduction
The majority of studies in religion and diet focused on the intake of fruit,
vegetable and fat. The following paper is a systematic review on the association
between religion and the intake of fruit, vegetable and fat. Thirty-nine studies
were included in the systematic review, and they were divided into two categories:
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1) Denominational studies that compared fruit, vegetable and/or fat intake
between members of different religions, or denominations within the same
religion, or between a religion with the general population; and 2) Degree of
religiosity studies that examined the degree of religiosity and its association with
fruit and vegetable and/or fat intake.
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2.1.2. Religion, Spirituality and Other Dietary Measures
[This section relies substantially on the following paper:
Tan, M.M, Chan, C.K.Y & Reidpath, D.D. (2013). Faith, food, and fettle: Is individual and
neighbourhood religiosity/spirituality associated with a better diet? Religions 5, 801-13.
For the full paper, see Appendix O.1]

Six of the 25 studies on degree of religiosity in the systematic review and a handful
of other studies also examined the relationship between religiosity and other
dietary measures besides fruit, vegetable and fat intake. A wide range of dietary
measures were used, which included fish intake (Obisesan et al., 2006), nutritional
risk (Locher et al., 2005); composite dietary index (Sahyoun & Zhang, 2005;
Wallace & Forman, 1998); validated nutritional/dietary quality scale (Chliaoutakis
et al., 2002; Homan, 2010; Reid & Smalls, 2004; Rew et al., 2007); dietary restriction
(Rabinowitz et al., 2009); eating habits measured by food frequency questionnaire
(Shmueli & Tamir, 2007) and 24-hour recall and/or food record (Kim et al., 2008;
McIntosh & Shifflett, 1984); frequency of weekly fast food consumption
(Benjamins, 2012; Dodor, 2012); regular breakfast (Benjamins, 2012; Pitel et al.,
2012); sweets intake (Pitel et al., 2012); practicing a vegetarian diet (Wiist et al.,
2012); meat intake (Underwood & Powell, 2006); and soft drink consumption
(Benjamins, 2012; Pitel et al., 2012).

Consistent with previous reviews (Groen & Heide, 1959; Koenig et al., 2012; Koenig
et al., 2001; Sarri et al., 2006; Shatenstein & Ghadirian, 1998) and the review on the
degree of religiosity and intake of fruit and vegetable (Tan et al., 2013), the studies
of religiosity and other dietary measures also pointed towards a positive direction,
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where a higher level of religiosity is associated with a better diet. The majority of
the studies reported positive relationship between religiosity and at least one
dietary measure – religiosity is positively associated with an increased fish intake
(Obisesan et al., 2006; Shmueli & Tamir, 2007), regular breakfast (Wallace &
Forman, 1998) and lower soft drinks consumption (Pitel et al., 2012) among
adolescents, healthful nutrition (Chliaoutakis et al., 2002; Homan, 2010; Reid &
Smalls, 2004), healthy food choices and eating patterns (Rew et al., 2007), less
dietary restriction (eating less than two meals a day) among the female Latinas
caregivers of older adults with dementia (Rabinowitz et al., 2009).

A few studies that examined the relationship between religiosity and diet
indirectly using other measures also showed a positive association between
religiosity and diet. In the Third National Health and Nutrition Examination
Survey in the U.S. of 3194 elderly, religious attendance was included as one of the
five measures of social contact, and it was found that elderly with four or more
social contacts have better healthy eating index than those with fewer than four
social contacts (Sahyoun & Zhang, 2005). In another study, also conducted in the
U.S, of 1000 elderly by the University of Alabaman at Birmingham, religious
attendance was one of the measures of social capital measure; and among African
American men, not attending religious services regularly was associated with
higher nutritional risk (Locher et al., 2005).

By contrast, a small number of religiosity and diet studies showed a negative
association between religiosity and diet. For example, in the 2004 Survey of Texas
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Adults of 1504 adults, a negative association was found between religious
attendance and diet quality, i.e., a monthly religious attendance was associated
with reduced odds of sound diet quality (Hill et al., 2006). Three religiosity and fat
intake studies also showed that a higher level of religiosity is associated with
higher fat intake (Tan et al., 2013). Some studies reported mixed association
between different dimensions of religiosity and diet, for example, in the study of
3620 African Americans adults aged 28–34 years, those who prayed regularly and
placed more importance in religion were more likely to consume fast food, while
those who attend religious services more were less likely to consume fast food
(Dodor, 2012).

Some religions and diet studies reported no significant relationship between
religiosity and diet. In a study of 351 Jewish adolescents from a Jewish community
in Chicago, self-reported religiosity was not associated with regular breakfast and
soft drink and fast food consumption (Benjamins, 2012). In a longitudinal study of
351 elderly women from Allegheny County, Pennsylvania, there was no association
between level of spirituality and diet (Harvey, 2008). Seven out of the 12 studies on
religiosity and fat intake showed no significant relationship (Tan et al., 2013). A
web-based study of 886 Buddhists in the U.S also found no association between
Buddhist devoutness and adopting a vegetarian diet (Wiist et al., 2012). The
conflicting results in religiosity and diet studies imply that the relationship
between religiosity and diet might not be straightforward and more careful
considerations are needed to understand this relationship.
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The majority of the studies that reported positive association used more than one
dimension of religion. In contrast, the study that reported negative association or
no relationship used either the one-item religious attendance measure or oneitem religious belief about healthy eating. This could be the reason for the
negative and non-significant associations between religiosity and diet.

2.2. Social Gradient and Health
[This section relies substantially on, and incorporates a published paper on social gradient
and dietary habits (Tan et al., 2016)]

Socioeconomic status (SES) is a strong predictor of health, and individuals with
higher SES tend to have better health than those with lower SES. This health
inequality is found not just at the threshold of poverty, but also at every level of
the SES hierarchy (Lundberg & Cooper, 2011). The SES-health gradient has been
associated with many major diseases and conditions including cardiovascular
diseases (Braveman et al., 2010), type II diabetes (Kavanagh et al., 2010), many
cancers (Ward et al., 2004) and arthritis (Canizares et al., 2008).

At the individual level, SES is usually measured by one or more of three interrelated but not fully overlapping indicators: education, occupation and income
(Shavers, 2007). In earlier epidemiology studies, SES was usually included as a
control or confounding variable instead of the independent variable of direct
interest (Adler & Ostrove, 1999). Over the past few decades the impact of SES on
health has become a direct focus of attention in health research (Braveman et al.,
2005).
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Behavioral factors are a significant contributor to many NCDs (World Health
Organization, 2014), and there is considerable evidence showing that SES is
associated with health behaviors. People with lower SES are more likely to smoke
(Laaksonen et al., 2005; Winkleby et al., 1992), less likely to be physically active
(Giles-Corti & Donovan, 2002; Powell et al., 2004) and more sedentary (van Sluijs
et al., 2008).

SES appears to influence health indirectly through lack of access to health care,
environmental exposure, and effects on behavior and lifestyle, which contribute to
about 80% of premature mortality; and among them, behavior and lifestyle
account for about half of the premature mortality (Adler & Newman, 2002;
McGinnis & Foege, 1993).

SES is also associated with dietary behaviors. Compared with those with high SES,
individuals with low SES consume less fruit and vegetable (De Irala-Estevez et al.,
2000; Giskes et al., 2002; Johansson et al., 1999), more added fat (Linseisen et al.,
2002), and less whole-grain food (Lang et al., 2003). Unhealthy diet is a major
contributor to the development of non-communicable diseases (NCDs), which are
responsible for 63% or about 36 million deaths globally (World Health
Organization, 2003, 2009). The diet-related health disparities due to SES reflect
not just differences in dietary intake and behaviors, but also differences in the
prevalence, mortality, morbidity and burden of diet-related diseases across social
gradient (Satia, 2009).
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2.3. Neighbourhood and Health: A Multilevel Approach
[This section relies substantially on the following paper:
Tan, M.M, Chan, C.K.Y & Reidpath, D.D. (2013). Faith, food, and fettle: Is individual and
neighbourhood religiosity/spirituality associated with a better diet? Religions 5, 801-13.
For the full paper, see Appendix O.1]

Neighbourhood and health is a relatively new research field which emerged
during the late 1980s and early 1990s and has grown exponentially during the last
10-15 years (Diez Roux & Mair, 2010). However, the study of neighbourhood and
health has a long history. In On Airs, Waters, Places, one of the writings in
Hippocratic Corpus, a collection of ancient medical texts written largely between
fifth and forth centuries BC, the physicians are advised to consider the seasons of
the year, the warm and the cold winds, and the effect of water on health while
examining patients (Hippocrates). In the mid-eighteenth century A.D in Europe
and in European colonies, probably due to increased urbanization, there had been
a rise of interest in medical topography, “the systematic surveying, mapping,
charting, and description of specific geographical sites, with reference to the
physical features that were presumed to influence health and disease” (Macintyre
& Ellaway, 2003; National Library of Medicine, 2015). The civil registration of
births and deaths in also enabled the flourish of medical topography. For example,
in a longevity study in England in the nineteenth century A.D., it was found that
people in the top social stratum live longer than those from the middle and lower
strata, and there were geographical variations such that there was even a longevity
gradient within the same stratum depending on the locations (Chadwick, 1842).
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One of the main reasons to study neighbourhood and health is that the
neighbourhood variations in health and health behaviours have been well
documented (Pickett & Pearl, 2001; Stafford & Marmot, 2003), and many studies
have shown that the places one lives influences his or her health. The earliest
studies in neighbourhood and health were those of all-cause mortality. It has been
found that mortality is significantly higher in deprived neighbourhoods after
adjustment for individual characteristics such as age, gender and race (Anderson
et al., 1997; Haan et al., 1987). In other studies, it was also found that increased
availability and access to a supermarket was positively related to healthier diet
and a lower risk of obesity; and an increased availability of health food in
supermarket was associated with a healthy diet. (Larson et al., 2009). The
presence of more fast food restaurant was associated with poorer diet (Moore et
al., 2009). In areas with better resources for physical activity, there was a higher
prevalence of physical activity and a lower risk of obesity (Papas et al., 2007),
indicating the role that neighbourhood may play in shaping health protective
behaviours.

Generally it has been thought that health is a personal responsibility; an
individual’s health is dependent on his or her choices (Minkler, 1999). Indeed,
numerous studies have shown that people who adopt a healthy lifestyle enjoy a
better health and longer lifespan. However, the “personal responsibility” paradigm
ignores the social contexts within which people make decisions. There are
circumstances when they may be unable to choose a healthy lifestyle. For
example, those who live in an area that lacks of resources for exercise are more
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likely to not exercise (Booth et al., 2005). Thus, individual-based explanation of
health and illness are insufficient. It is now recognized that an individual’s
broader social environment has an effect on health, illnesses, and health
behaviours, hence the increased interest to study neighbourhood and its influence
on health (Diehr et al., 1993).

The geographical variations in health (mortality, morbidity) and health
behaviours could have two possible explanations: a compositional explanation,
where the differences in health outcomes are due to the different kinds of people
living within a neighbourhood (individual effect), and a contextual explanation,
where the differences are due to differences between places/area/neighbourhood
(contextual effect) (Macintyre & Ellaway, 2003). For example, in a poor
neighbourhood, the high prevalence of poor dietary behaviours could be caused
by the people choosing to behave badly, or it could be caused by limited access to
healthy food choices within the neighbourhood. Compositional or contextual
explanation for health outcomes affects the health promotion methods.
Compositional explanation might lead to more research and policies targeting on
individual factors, while contextual explanation might lead to more actions on
health-promoting or health-damaging characteristics of a neighbourhood (Ellaway
& Macintyre, 1999).

2.3.1. Religious Neighbourhood and Health
Even though religion is practiced individually, it is also a community activity, and
each religious community is a miniature neighbourhood by itself where adherents
of the same faith gather regularly and interact with each other. Similar to other
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neighbourhoods, different religious communities also vary in socioeconomic
status (SES), racial proportions, education etc. In addition, there is a variation in
the degree of adherence to religious norms in different religious communities
even within the same religion. Thus, as in other neighbourhoods, the physical and
social characteristics of a religious community might influence the health and
health behaviours of its members.

There are numerous of social science studies that examined religious
neighbourhood. In one study it was found that living in a Protestant
neighbourhood increased moral trust regardless of the individual’s religions
(Traunmuller, 2011). In another study it was found that individual and
congregational characteristics influenced social justice prioritization and
participation differently (Todd & Allen, 2011). Another related study also showed
that individual and congregational variables predict differently personal social
justice participation through and outside the congregation (Houston & Todd,
2013).

However, very few studies explored the relationship between a religious
neighbourhood and health. In one study, Israeli Jewish men and women living in
more religiously affiliated neighbourhood were found to have a lower mortality
rate than that of secular neighbourhood, even after controlling for socioeconomic
status, age, country of origin, marital status, and education (Jaffe, 2005). For
women, the effect was observed only in those from low and medium SES-areas.
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These results in social science and health studies marked the significance for
taking into account the potential effect of neighbourhood/congregational
characteristics in understanding the relationship between religion and health
outcomes.

Another overlooked religious neighbourhood is the “congregation”. The past
studies on religious neighbourhood and health examined neighbourhood where
people from different religions lived together. Congregations, on the other hand,
are places where people from the same faith gather together. Even though there
might be variations of religious adherence, the majority of the congregants of a
particular congregation share the same faith. Different congregations have
different congregational characteristics such as size, conservativeness, gender
compositions, age group etc. that might influence health and health-related
outcomes. In this study, the neighbourhood was defined in the context of
congregation and the congregational characteristic that was being examined was
congregational conservativeness.

Similar to “neighbourhood effect” on health and health behaviours within a
neighbourhood, within a congregation, there might be a “congregational effect” on
health behaviour, such as dietary practices, among the congregants over and
above individual factors such as individual religiosity. For example, even though it
is part of the Seventh-day Adventist doctrine that vegetarian diet is the original
diet intended by God and Adventists are encouraged to consume more fruit and
vegetable, different Adventist congregations might have different level of
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adherence to Adventist doctrine (conservativeness), and hence exhibit different
congregational level of observance of Adventist dietary practices. The different
level of congregational observance might influence the level of observance of the
individuals attending that particular congregation. Are less adherent members
more likely to have a healthier diet if they are members of adherent congregations
than less adherent members who are members of less adherent congregations?

2.3.2. Multilevel Modelling
The study of contextual effect is multilevel analysis, which “seeks to explain
individual outcomes in terms of both individual and environmental or aggregate
variables” (Von Korff et al., 1992). Multilevel analysis allows for the separation
between individual and contextual effects and simultaneous examination of
individual- and contextual-level variables on individual-level outcomes. It has
been used in public health to study alcohol and drug abuse (Duncan et al., 2002;
Snedker et al., 2009), smoking (Moore et al., 2001) cardiovascular risk factors
(Sundquist et al., 1999), domestic violence (Gracia & Herrero, 2006).

Further details on multilevel modelling is found in Chapter 3.6.6.

2.4. Who are the Seventh-Day Adventists?
The target population of this study was the Seventh-day Adventists in West
Malaysia. The Seventh-day Adventist Church, established in 209 countries, is a
conservative Protestant denomination with a worldwide membership of about 17
million (Office of Archives, 2010). The Adventist Church shares many of the
mainstream Christian denominations’ doctrines, such as the Trinity, baptism and
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Holy Communion. One of the main characteristics that distinguish the Adventist
Church from other denominations is its observance of Saturday as the Sabbath
instead of Sunday.

The Adventist Church was first established in 1863, during the period of the health
reform movements in the U.S. In the nineteenth century U.S., many people were
disillusioned with orthodox medicine, which cared little about prevention of
diseases. Ellen G. White (1827-1915), one of the founders of the Adventist Church,
was one of the health reformers in the U. S. In her writings she stated that a
person’s spirituality is affected by his/her physical health, thus it is important to
maintain one’s health by adopting a vegetarian diet, exercising, and getting
sufficient sunlight, fresh air, and clean water (White, 2001). She also highlighted
the sanctity of the body, guided by the biblical idea that the body is “a temple of
the Holy Spirit” and one should “honour God with your body” (1 Corinthians 6:1920, New International Version).

Because of White’s advice, since the Church’s establishment healthy lifestyle has
been one of the Adventist core messages. According to the doctrine, smoking,
alcohol and drugs are prohibited. In addition, Adventists are discouraged from
consuming caffeinated beverages such as coffee, Coca-Cola, and tea. Adventists
observe the dietary law according to Leviticus 11 and Deuteronomy 14 of the Bible
– only “clean” meat is consumed, which includes that of mammals that have
divided hooves and chew the cud (the ruminants), and fish that have scales and
fins. Other meat, such as pork and shellfish, are considered unclean. The
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Adventist Church believes that the original diet intended by God was vegetarian,
and members are encouraged to be vegetarians; “I give you every seed-bearing
plant on the face of the whole earth and every tree that has fruit with seed in it.
They will be yours for food (Genesis 1:29, New International Version).

Numerous studies have been carried out among Adventists starting in the 1950s to
investigate the relationship between lifestyle and health. Largely because of their
distinct lifestyle, Adventists enjoy a better health and longer life span. The
Adventist community in Loma Linda, California, is one of the five “blue zones” in
the world, where a substantial number of centenarians were found (Buettner,
2005, 2012).

2.4.1. Major Health Studies of Adventists
2.4.1.1. Adventist Mortality Study
The Adventist Mortality Study (AMS) was the first major cohort study of
Adventists, conducted from 1958-1966 (Fraser, 2003). The aim of the study was to
determine the causes of death and mortality rates of Adventists. A total of 22,940
White Adventists above 25 years old from California were followed up intensively
for 5 years, then informally for the next 25 years. Each participant filled in a
questionnaire about their lifestyle and diet at the beginning of the study and
mortality was monitored.

Compared with the California population, the California Adventists had a lower
mortality rates after controlling for ethnicity and socioeconomic status. The all-
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cause mortality rate of Adventist males was 64.9% of the general California
population, and all-cancer mortality rate, 70.6%, and for Adventist females, 74.1%
and 80.1% respectively (Lemon et al., 1963). The mortality rates of liver cirrhosis in
both sexes were also lower than that of California population– 14% for Adventist
males and females. The California Adventists experienced a moderate but nonsignificant reduction in mortality rates in cancer of stomach, intestine and rectum,
urinary system and lymph and all other cancers for both sexes; prostate and
genital cancers for males; and breast, cervical and uterine cancers for female
(Lemon et al., 1963).

The AMS was carried out simultaneously with the American Cancer Society (ACS)
mortality study of non-Adventists, who were compared with the Adventists.
Smoking rate was low among Adventist; only 1.7% of Adventist males and 0.5% of
Adventist females were current smokers, compared with 51.4% of non-Adventist
males and 32.0% of non-Adventist females, and there were three times more
Adventist males than non-Adventist males and 1.5 times more Adventist females
than non-Adventist females who have never smoked before (Phillips et al., 1980).
One of the major findings of the AMS was the low mortality rate of cancer of the
lung and mouth for Adventist males. In California male population, lung cancer
was the top cause of cancer (13.8% of all deaths in California men), while in
Adventist males, the disease only ranked 6th or 7th (5.8% of all deaths in
Adventist men) (Lemon et al., 1963). Ten (7 males, 3 females) of the 14 Adventist
individuals in the AMS who died of cancer of the lung, mouth, or larynx have been
regular tobacco users before joining the Church. All the seven men were recent
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converts and smoked regularly between 28-49 years, including one who was
smoking up till his death (Lemon et al., 1963).

To eliminate the confounding effect of smoking, the researchers compared nonsmokers from the ACS study and the AMS. For lung cancer, the risk of dying of
Adventists was half of that of the non-smoking ACS study participants; and for
colon-rectal cancer, the mortality risk was also significantly lower (Phillips et al.,
1980). Compared with non-smoking non-Adventist males of ACS study, the
Adventist males has a lower mortality rate of all causes combined, coronary heart
disease, and stroke (Phillips et al., 1980). The post-menopausal breast cancer
mortality of Adventist females was 81% of the non-Adventist females (Phillips et
al., 1980).

Another important finding of AMS vs. ACS study was that adherence to Adventist
lifestyle is inversely related the risk of fatal lung, colon-rectal, stomach cancers in
males and females, and coronary heart diseases in males after controlling for
smoking (Phillips et al., 1980). Even though non-smokers non-Adventists have
more similar mortality rates as the Adventists, there were still health benefits of
Adventist lifestyle not accountable by smoking status. The Adventist lifestyle also
seemed to be more protective for males more than females. The results of AMS
raised another question – which part of Adventist lifestyle is conducive to health?
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2.4.1.2. Adventist Health Study-1
From 1974 to 1988, a prospective cohort study of Adventists was conducted: the
Adventist Health Study-1 (AHS-1). The purpose of the study was to determine
which lifestyle factors contributed to differences in health outcomes among the
Adventists. It compared Adventists with different dietary practices, rather than
with the general population. Even though Adventists are encouraged to be
vegetarians, it is not compulsory. As a result, there is a wide range of dietary
practices among the Adventists. There were 29.5% vegetarians (those who did not
consume meat at all), 21.2% semi-vegetarians (those who consumed meat less than
once a week), and 49.2% non-vegetarians (Fraser, 1999).

A total of 34,198 non-Hispanic, white California Adventists ages 25 and above were
followed up for eight years (1975-1982) for all-cause-mortality and six years (19771982) for cancer incidence and ischemic heart disease (Beeson et al., 1989). In
addition to mortality, AHS-1 also looked at non-fatal cases of cancer and heart
disease and examined in more detail the diet of Adventists.

Compared with non-vegetarian Adventists, vegetarians Adventists consumed
more fruit, legumes, tomatoes and nuts but much less coffee, donuts and eggs,
were more likely to prefer whole-grain bread and 20 times less likely to consume
alcohol than non-vegetarians (Fraser, 1999). The Adventist vegetarians, semivegetarians and non-vegetarians consumed similar amount of fat; however, the
vegetarian Adventists had a higher polyunsaturated to saturated fat ratio (0.83 in
vegetarian and 0.63 in non-vegetarians).
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The AHS-1 showed that a vegetarian diet is beneficial to health. Across the dietary
groups, from vegetarian to non-vegetarians, there was a significant increased risk
of obesity, diabetes, hypertension, rheumatoid arthritis and rheumatism for males
and females after adjustment for age (Fraser, 1999).

In males, those who

consumed beef more than three times a week had a relative risk of fatal ischemic
heart disease (IHD) of 2.31 compared with vegetarians, but the effect was not seen
in women (Fraser et al., 1992). Regular nut and whole wheat bread consumption
was also associated with lower risk of fatal and non-fatal IHD (Fraser et al., 1992).

The AHS-1 also found dietary association of various cancers. The risk of prostate
cancer was 54% greater in non-vegetarians and the lower risk among vegetarians
is associated with the high consumption of dried fruit and low consumption of
fish (Mills et al., 1989). The risk of colon cancer increased 88% among nonvegetarians and was associated with red and white meat consumption while
legume consumption was protective against colon cancer among those who ate
red meat. Those who consumed meat more than three times a week had a twofold increase in the risk of bladder cancer (Mills et al., 1991). For pancreatic
cancer, the consumption of dried fruits, legumes and vegetarian meat were
protective (Mills et al., 1988). The consumption of fruit was also negatively
associated with lung cancer (Fraser et al., 1991). However, the dietary association
of breast cancer was unclear. No food is associated with the disease (Mills et al.,
1989).
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The vegetarian females, on average, lived 2.52 years longer than non-vegetarian
females, and vegetarian males, on average, lived 3.21 years longer than nonvegetarian males (Fraser & Shavlik, 1999). Overall, compared with the California
population, on average the Adventists men live 7.3 years long and Adventist
women live 4.4 years longer (Fraser & Shavlik, 2001).
2.4.1.3.Adventist Health Study-2
In 2002, the Adventist Health Study-2 (AHS-2) was launched. This was one of the
largest and most comprehensive cohort studies of diet and cancer and included
96,000 Adventists in the U.S and Canada, aged 30 and above. Among the study
population were about 26,000 African American, making the AHS-2 the largest
health study of African Americans. The aim of AHS-2 was to investigate the role of
various food and nutrients and their relationship with the development of cancer
(Butler et al., 2008).

In AHS-2, the categorization of dietary subgroups was more specific than it was in
AHS-1. There were five subgroups: vegans (total abstinence from animal products,
4.2%), lacto-ovo vegetarians (consume eggs and/or dairy products but not meat,
31.6%), pesco-vegetarians (consume fish but no other meat, 11.4%), semivegetarians (consume meat less than once a week, 6.1%) and non-vegetarian
(consume meat more than once a week, 46.8%) (Butler et al., 2008). The nonvegetarians consumed only one-third of the quantity of fruit and vegetable
compared with the vegetarians.
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According to the preliminary results, across the dietary practices from vegans to
non-vegetarians, there was an increased risk of diabetes (Tonstad et al., 2009),
obesity (five units difference in BMI) and hypertension (Pettersen et al., 2012).
Compared with non-vegetarians, all the other vegetarian diets had better
metabolic risk factors profile (which includes measurements of HDL, triglycerides,
glucose, blood pressure, and waist circumference) and were at a lower risk of
metabolic syndrome, a cluster of disorders that are associated with increased risk
of diabetes and cardiovascular diseases (Rizzo et al., 2011).

As for specific food and relationship with diseases, the AHS-2 found that increased
consumption of cooked green vegetable, legumes, dried fruit, and brown rice
reduced the risk of rectal-colon polyps, the precursors to colorectal cancer
(Tantamango et al., 2011). There was also a dose-response effect.

The Adventist Religion and Health Study (ARHS), a sub-study of AHS-2, was
started in 2006 to examine how different dimensions of religion are associated
with physical and mental health. About 11,000 of the participants from AHS-2
answered questionnaires about religiosity, exposure to stressor, psychological
characteristics and social life (Lee et al., 2009). About 530 of the 11,000 participants
were recruited to provide their saliva sample, a 12-hour overnight urine sample,
fasting blood and adipose samples, and to assess their biometrics, percentage of
body fat, and physical performance. They also filled in questionnaire on physical
and cognitive functions (Lee et al., 2009).
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The ARHS preliminary results showed that recent divorce is positively associated
with increased depressive symptoms, and the styles of positive religious coping
buffer the deleterious effects of divorce on depressive symptoms (Webb et al.,
2010). The study also examined Sabbath-keeping, an important doctrine in the
Adventist Church. It was found that religious coping, religious support, diet and
exercise partially mediated the relationship between Sabbath-keeping and positive
physical and mental health (Superville et al., 2014).

2.5. Summary
Based on the literature review, there is a paucity of single-denominational studies
that examine the relationship between religion/spirituality and health and health
behaviours at individual and congregational levels. Little is known whether social
gradient still exists in a health-conscious population. From the evidence presented
in the review, the majority of the available studies point towards a positive
association between religion/spirituality and dietary behaviours. A cross-section
survey was conducted to answer the research questions, as described in the next
chapter.
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CHAPTER 3: METHODOLOGY
The aim of this study was to understand the relationship between
religion/spirituality and health. Specifically, it is to examine the relationship
between individual religiosity and congregational characteristic and individual
diet. In addition, this study also examined whether social gradient exists in the
dietary habits of the participants and whether health behaviours mediate the
relationship between religiosity and health. This chapter describes the
methodology used to answer the research questions raised in Chapter 1. Table 1
shows the methods of investigation for each research objective and its relevant
research question, and in which chapter of this thesis the results are reported.

Table 1. Research objectives and their corresponding research questions, methods
of investigation and chapters where the results are reported.
Study

Research Objective

Research Question

1

To understand the
relationship between
individual religiosity
and healthy diet

What is the
relationship between
individual religiosity
and diet among
Seventh-day Adventists
in West Malaysia?

2

To identify whether
social gradient still
exists in the dietary
habits of a healthconscious population

Does the social gradient
remain in the dietary
habits of the SeventhDay Adventists in West
Malaysia?

Multiple linear
regressions

6

3

To identify whether
the composition of
religious
congregations had an
effect on individual
diet above and beyond
the individual effects
of religiosity

Does congregational
conservativeness
predict individual diet
over and above
individual factors
(religiosity and
demographics)?

Multilevel
linear and
logistic
regressions

7
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Methods of
Investigation
Multiple linear
and logistic
regressions

Result
Chapter
5

4

To understand the
relationship between
religiosity, health
behaviours, and
measurable health
outcomes

Do alcohol
consumption, dietary
habits and exercise
mediate the
relationship between
individual religiosity
and health outcomes
among the Seventh-day
Adventist in West
Malaysia?

Path analysis

8

There are seven sections in this chapter. The first section describes the sampling
frame and sample of this study. The second section discusses how the participants
of this study were recruited. The third section describes the procedure of the
study. There were two surveys and a health screening. The fourth section
describes the measures used in this study. The fifth section describes the
translation of the questionnaires. The six section includes the pilot testing of the
questionnaires. The last section includes the statistical analyses of the data.
Multiple regressions were used to examine the relationship between individual
religiosity and diet and whether social gradient existed in the dietary habits of the
participants; while multilevel regressions were used to examine the influence of
congregational conservativeness on individual dietary habits. Mediation analysis
was used to study whether health behaviours mediated the relationship between
religiosity and health.

3.1. Sampling Frame and Sample
The Adventist missionary work in Malaysia commenced in the 1890s, when
American Adventist missionaries were sent from Singapore to Kuala Lumpur,
Malaya (as West Malaysia was known at that time) (Peininsular Malaysia Mission,
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2014). On 1 July 1914, the Federated Malay States Mission, the mission branch of
the Adventist Church in West Malaysia, was organized and it was under the
commission of Singapore Adventist Mission. After a few relocations, the Federated
Malay States Mission set up its office at Jalan Bukit Bintang, Kuala Lumpur, where
it would remain until 1996 and moved to Jalan Kuchai Lama, Kuala Lumpur. The
next town where Adventist missionaries were sent was Penang, and the Adventist
Mission Clinic, which later would become Penang Adventist Hospital, was
established on 12 December 1924. On 1 January 1988, the Federated Malay States
Mission began to operate independent of the Singapore Adventist Mission and
was known as Peninsular Malaysia Mission (PMM).

The sampling frame for the studies was all baptized Seventh-Day Adventists who
are residing at West Malaysia. According to PMM, the number of baptized
Adventists was 4,380 in 2013 when the current study was commenced, and the
total number of congregations is 51 (see Appendix A for the list of congregations).
Congregations range in size from 10 to 200 members, with an average yearly
baptismal/conversion rate (joining the Adventist Church) of 136 over the past five
years. Out of the 4380 members, 2,278 are active i.e. they attended church more
than twice a month. Eligible participants for this study were baptized Adventists
aged 18 years and above and were residing in West Malaysia. The average total
attendance on a given Saturday worship of all congregations in West Malaysia was
about 1,500, of whom about 50% were eligible participants for this study (the
other 50% included children below 12 years old, adolescents between 12-18 years
old, Adventists who were not residing in West Malaysia and non-Adventists). That
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is, there was an estimated 750 potential participants available for the study. Figure
1 is a summary of the number of eligible participants of this study.

Figure 1. The number of eligible participants.

There are three types of Adventist congregations: group, company, and church. A
group has fewer than 20 members; a company, fewer than 36 members but greater
than 20; and a church, more than 36 members. Table 2 is the summary of the
number of congregations according to language of worship (see Appendix A for
the list of congregations).
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Table 2. Number of congregations in PMM stratified by languages and types of
congregation.
Language

Group

Company

Church

Total

Chinese

2

2

8

12

English

4

2

10

16

Malay

3

2

2

7

Tamil

3

4

9

16

Total

12

10

29

51

3.2. Recruitment of Participants
Ethics approval was sought from Monash University Human Research Ethics
Committee (MUHREC) (see Appendix B). Permission to conduct the research was
sought from PPM and granted (see Appendix C for endorsement letter issued by
PMM). An introduction of the research was made during an annual PMM pastors’
meeting on 22 January 2013 and 21 January 2014. The pastors were briefed about
the purpose of the study and how it would be conducted.

The pastors, or elders in the case of congregations that had no pastors, were
contacted personally for permission to conduct the research at their
congregations. After permission was obtained, weekly recruitment announcement
was made during worship services for at least one month. A Facebook page was
created to promote the research and provide updates to the participants (see
Appendix D). In addition, eligible participants were contacted personally by the
researcher through social media such as WhatsApp, email, and Facebook
Messenger.
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3.3. Procedure
This study used a cross-sectional survey design. There were two surveys; the first
was congregational and the second, individual. One congregational survey was
completed by the pastor or elder for each participating group, company or church.
One individual survey was completed by each participant. A subset of the
Adventists from the individual survey also participated in a healthy screening.

In the first survey the pastors or elders were given an explanatory statement (see
Appendix E) and a questionnaire about congregational conservativeness (see
Appendix F). In the second survey, eligible Adventists were given an explanatory
statement (see Appendix G) and a questionnaire (see Appendix H) that included
items about religiosity, diet, lifestyle, self-reported anthropometric measurements
and history of diabetes and raised blood pressure, and demographics. The
researcher was present at the local congregations to administer and collect the
questionnaires of the second survey. If the researcher was unable to be present,
the local pastor or elder were trained to administer the questionnaires to the
eligible participants. The returned questionnaires were posted to the researcher.
Participants who completed and returned the questionnaire were given a small
token of appreciation.

The online version of the questionnaire of the second survey was created using
Survey Monkey and links to the survey were put onto the Facebook page of the
study. Link to the online questionnaire were also sent directly to eligible

76

Adventists through social media such as WhatsApp, LINE, Viber, email and
Facebook Messenger.

Seventeen congregations that were located within 100km from Monash University
Sunway Campus were selected for health screening. The pastors of the
congregations were asked for permission to conduct the health screening. Three
congregations consented. The participants received an explanatory statement (see
Appendix I) and signed an informed consent form (see Appendix J) before the
health screening. During the health screening, blood pressure, blood glucose level,
weight, height, BMI, and waist and hip circumferences were measured. See section
3.4 for details of the measurements. The health screening was open to all who
attended the congregations on the day of the screening. However, only data from
eligible participants of this study were included in the subsequent statistical
analysis.

3.4. Measures
3.4.1. Congregational Conservativeness
The questionnaire for pastors/elders (see Appendix F) contained the self-assessed
conservativeness of the congregation measured on a scale of 10, where a higher
score indicates more conservativeness. Congregational conservativeness was
included in multilevel analysis (see section 3.7.6). This variable was chosen in this
study because of their importance in health. A more conservative Adventist
congregation is more adherent of church doctrine regarding health and thus more
likely to organize health-related activities (Tan et al., 2014).
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3.4.2. Dietary Variables
Diet was measured using a dietary habits scale, a measure of fruit and vegetable
intake, and self-identification of vegetarian status.
3.4.2.1.Dietary Habits
Dietary habits were measured by using the Nutrition subscale of Health
Promotion Lifestyle Profile II (HPLPII), which was developed and validated by
Walker et al. (1987) and contains six subscales. The Nutrition subscale contained
nine items that assess various aspects of dietary habits such as choosing a low-fat,
low-salt and low-sugar diet, regular consumption of fruit and vegetable, eating
breakfast etc. The items were scored on a 4-point response scale (never,
sometimes, often, routinely), and a higher score indicates a higher frequency. A
total score for the subscale was obtained by calculating the mean of the responses
to the nine items (Walker et al., 1995).

HPLPII has been used to study the health-promoting behaviours of older adults
(Speake et al., 1989; Walker et al., 1988), university students in Hong Kong (Lee &
Loke, 2005), employed Mexican Women (Duffy et al., 1996), and rural older
women (Pullen et al., 2001). A study of the psychometric properties of HPLPII
using a sample of adult Turkish population showed high internal consistency of
the overall scale (Cronbach’s α=0.92) and the Nutrition subscale (Cronbach’s
α=0.73); and the factors were supported by exploratory factor analysis and
confirmatory factor analysis (Pinar et al., 2009). The internal consistency of the
Nutrition Subscale for this study is acceptable (Cronbach’s α=0.71).

78

3.4.2.2. Fruit and Vegetable Intake
Fruit and vegetable intake plays an important role in health. About 1.7 million
deaths worldwide are attributed to a low fruit and vegetable intake (World Health
Organization, 2002). In addition, about 14% of gastrointestinal cancers, 11% of
ischemic heart disease, and 9% of stroke worldwide are also attributable to low
fruit and vegetable intake (World Health Organization, 2009).

Fruit and vegetable intake was measured with the fruit and vegetable intake items
from WHO STEPwise Approach to Surveillance (STEPS) instrument, a tool to
collect data and measure non-communicable disease (NCD) risk factors (World
Health Organization, 2013b). STEPS has been used to study NCD risk factors in
many countries, including Nigeria (Okpechi et al., 2013), Democratic Republic of
Congo (Longo-Mbenza et al., 2008), Kenya (Bloomfield et al., 2013; Tawa et al.,
2011) and India (Thankappan et al., 2010), and fruit and vegetable consumption in
Mozambique (Padrão et al., 2012)m Iran (Esteghamati et al., 2012) and Asia
(Kanungsukkasem et al., 2009).

In this study, the participants were asked “In a typical week, on how many days do
you eat fruit/vegetable?” and “How many servings of fruit/vegetable do you eat on
the day you eat fruit?” A sum of fruit and vegetable intake was obtained by adding
the number of servings of fruit and vegetable. The STEPS questionnaire uses
generic terms for fruit and vegetable rather than a specific list of food, thus, it is
necessary for the participants to know the definition of fruit and vegetable
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(Agudo, 2005). As reference, pictures showing the size of servings of common fruit
and vegetable were provided in the questionnaire.
3.4.2.3. Vegetarian Status
Vegetarianism is an important teaching of the Adventist Church, which believes
that the original diet intended by God was vegetarian (Genesis 1: 29-30) and
encourages its members to become vegetarian. In North America, the prevalence
of vegetarianism among the Adventists was 35.8% (Butler et al., 2008).

In this study the participants were asked to indicate their dietary practices as
vegan, lacto-ovo vegetarian, pesco-vegetarian (a person who eat fish and no other
types of meat), or non-vegetarian. The vegan/vegetarian participants were also
asked to indicate the duration they have been a vegan/vegetarian. This dietary
classification has been used in a previous study on Adventists in Barbados
(Brathwaite et al., 2003) and is based on the findings of Adventist Health Study-2
(see section 2.3.1.3), which categorized the participants based on the reported
amount of foods of animal origin they consumed per month (Orlich et al., 2013).

Due to low number of vegan and vegetarian, these two categories were combined
as “vegetarian” while pesco-vegetarian and non-vegetarian were combined as
“non-vegetarian”.

3.4.3. Religious Variables
Four dimensions of religiosity were included in the study: religious attendance,
private religious activities, intrinsic religiosity and Sabbath-keeping.
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Religious attendance, private religious activities and intrinsic religiosity were
measured using the five-item Duke University Religion Index (DUREL), a brief,
comprehensive and low-burden measure of religiosity that is easy to use in large
cross-sectional and longitudinal studies (Koenig, Parkerson Jr, et al., 1997).
DUREL contains three subscales: organizational religious activity (ORA), nonorganizational religious activity (NORA) and intrinsic religiosity (IR). ORA is an
one-item subscale that measures the frequency of attendance of religious
gathering. NORA is also a one-item subscale; it measures the frequency of private
religious activities such as prayers, reading of religious literature, listening or
watching religious program etc. The ORA item, together with the NORA item,
have been administered to almost 7,000 adults aged 18-90 years old from the
National Institute of Health clinical studies (Koenig & Bussing, 2010). The threeitem intrinsic religiosity subscale measures the degree of internal religious
motivation and was taken from Hoge’s ten-item intrinsic religiosity scale (Hoge,
1972). The three-item subscale has acceptable internal consistency (Cronbach’s
α=0.75), and correlates strongly to the Hoge’s ten-item intrinsic religiosity scale
and moderately with ORA and NORA (Koenig & Bussing, 2010).

DUREL has been translated into many languages such as Portuguese (Lucchetti et
al., 2012), Malay (Nurasikin et al., 2010), Persian (Saffari et al., 2013), Chinese
(Wang et al., 2013) and so forth. DUREL has been used in more over 100 studies
(Koenig & Bussing, 2010). The two-week test-retest reliability of DUREL is high
(intra-class correlation coefficient = 0.91) (Storch, Strawser, et al., 2004). The
overall scale also has high internal consistency (Cronbach’s α=0.91) (Storch,
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Roberti, et al., 2004), and its validity is supported by

significant positive

correlation with other religious scales (Plante et al., 2002; Storch, Roberti, et al.,
2004).
3.4.3.1. Religious Attendance
In many early studies of religion and health, religion data were collected as “addon” variables of a large epidemiological or social studies (Hill & Pargament, 2003;
Levin, 1994). Since these studies included many variables, researchers had to
relied on brief religious measure. Single-item religious attendance measure has
been the most commonly used religiosity measure because of its “ease of use”,
(Hall, Meador, & Koenig, 2008). The use of brief religious measure that has limit
reliability might attenuate the association between religion and health, resulting
in smaller effect sizes (Hill & Pargament, 2003).

Despite the limited reliability, religious attendance has been a robust predictor of
many health outcomes; in most of the religion and health studies that have used a
religious attendance measure, the majority have also found that it is positively
associated with better health outcomes (Levin & Vanderpool, 1987); for example, it
has been associated with lower mortality rates (H. G. Koenig et al., 1999;
Strawbridge, Cohen, Shema, & Kaplan, 1997), better adoption of health behaviours
(T. D. Hill, Burdette, Ellison, & Musick, 2006; Strawbridge, Shema, Cohen, &
Kaplan, 2001), increased life’s satisfaction(Levin, Markides, & Ray, 1996) , and a
lower prevalence of hypertension (Gillum & Ingram, 2006).
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In this study, religious attendance is measured by the ORA subscale in DUREL
with the question How often do you attend church or other religious meetings? The
score options for ORA were: (1) More than once per week, (2) Once a week, (3) A
few times a month, (4) A few time a year, (5) Once a year or less, (6) Never. The
scores were reversed coded so that a higher score indicated higher attendance.
Due to low number of participants in the lower range of scores, ORA was recoded
into three categories: less than once per week, once per week, and more than once
per week.
3.4.3.2. Private religious activities
Private religious activities include prayers, meditation, reading of religious
literature, listening or watching religious programs and others. Many of the study
on private religious activities and health were conducted among the elderly. In
some studies they are positively associated with better survival among the elderly
before the onset of physical impairment (Helm et al., 2000), lower blood pressure
among the elderly (Koenig, George, Hays, et al., 1998); while in other studies
elderly who conducted more private religious activities had poorer physical health
(Koenig, Hays, et al., 1997), more physical impairment (Haley et al., 2001). The
possible reason for the negative association could be that elderly who have poorer
health tend to pray more as a form of religious coping (Ellison, 1991).

In this study, private religious activities was measured by the NORA subscale in
DUREL by asking the participants How often do you spend time in private religious
activities, such as prayer, meditation or Bible study? The score options for NORA
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were: (1) More than once per week, (2) Once a week, (3) A few times a month, (4)
A few time a year, (5) Once a year or less, (6) Never. The scores were reversed
coded so that a higher score indicated more private religious activities. Due to low
number of participants in the lower range of scores, NORA was recoded into two
categories: once or less than once per week and more than once per week.
3.4.3.3. Intrinsic religiosity
Intrinsic religiosity is characterized as religion that is an end in itself; intrinsically
motivated individuals live their religion, as compared to extrinsically motivated
individuals who use their religion as a means to an end, for example, to seek social
networks, status, security and comforts etc. (Allport & Ross, 1967; Masters, 2013).
Many of the studies on intrinsic religiosity have been done in mental health.
Previous studies have shown that a higher level of intrinsic religiosity is associated
with better psychological well-being (Donahue, 1985), quicker remission among
depressed patients (Koenig, George, & Peterson, 1998), and less depressive
symptoms among older patients (Koenig et al., 2004). However, whether the
relationship between intrinsic religiosity and positive mental health outcomes is
causal remains an open question.

The participants were given three statements about their religious beliefs or
experience and indicate the extent to which each statement is true to him or her.
An example of statement includes In my life, I experience the present of God. The
participants scored from 1 (Definitely true of me) to 6 (Definitely not true of me).
The scores were reversed coded so that a higher score indicated higher intrinsic
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religiosity. The Cronbach’s alpha for the intrinsic religiosity subscale in this study
was 0.60.
3.4.3.4. Sabbath-keeping
The Adventist Church believes that the Sabbath is a Holy day of rest that begins
on Friday sunset and ends at Saturday sunset. The Church encourages its
members to keep the Sabbath by attending worship services and not engaging in
secular activities.

The Secular Activities on Sabbath is one of subscales of the five-factor (Sabbath
gives rest, extrinsic social Sabbath-keeping, keeping Sabbath because of
guilt/shame, Sabbath helps connect to God, and Secular Activities on Sabbath)
Sabbath Belief and Activity Scale (Lee et al., 2006, April). The Sabbath-Keeping
Scale was developed from the 51-item preliminary measure of Sabbath beliefs,
which was administered to 408 participants from the Adventist Health Study-2
cohort of 97,000 persons to study the relationship between Sabbath-keeping and
other religious measures and physical and mental health (Lee et al., 2006, April).
The Secular Activities on Sabbath subscale has been used in Adventist Health
Study-2 to examine the mediators in the relationship between Sabbath-keeping
and physical and mental health and has a Cronbach’s α of 0.65 (Superville et al.,
2014).

The Secular Activities on Sabbath subscale measures how much a participant
engages in secular activities such as shopping, reading secular magazines,
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attending secular concert or watching movie, and watching or listening to news
programmes during Sabbath. It is scored on a 6-point response scale from 1 (every
Sabbath) to 6 (never). The scores were reversed coded so that a higher score
indicated better Sabbath-keeping. The internal consistency of the scale in this
study is acceptable (Cronbach’s α=0.80).

3.4.4. Lifestyle Variables
3.4.4.1. Alcohol Consumption
Alcohol consumption was measured by the Alcohol Consumption subscale of
WHO STEPS Instrument. The eight-item subscale assessed alcohol consumption
in the past 12 months and 30 days (World Health Organization, 2013b). Some
examples of questions: Have you ever consumed an alcoholic drink in the past 12
months? During the past 12 months, how frequently have you had at least one
alcoholic drink?
3.4.4.2. Exercise
Exercise was measured by the Godin Leisure-Time Exercise Questionnaire
(GLTEQ), a brief four-item scale that assessed average physical activity in a week
by summing up the products of strenuous, moderate and light activities with their
respective constants (Godin & Shephard, 1997). GLTEQ has been used to measure
physical activity in various samples, such as overweight adults (Sarkin et al., 2001)
and adolescents (Neumark‐Sztainer et al., 2009), diabetic patients (Tan &
Magarey, 2008), dog owners (Brown & Rhodes, 2006), depressed patients
(Hoffman et al., 2011) and so forth. In a psychometric study of the scale that
included 306 healthy adults, the items successfully discriminated between fit and
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unfit participants and between participants with low and high body fat percentage
(Godin & Shephard, 1985). The two-week test-retest reliability of the discriminant
functions classifying fit/unfit and thin/fat participants was satisfactory (reliability
coefficients =0 .83 and 0.85) (Godin & Shephard, 1985).
3.4.4.3. Smoking
The participants were asked about their past and current smoking habits
(Anderson et al., 1978; Hixson & Morgan, 1998). Some examples of the questions
include Have you ever smoked cigarettes during nay period of your life? What is the
greatest number of cigarettes that you have ever regularly smoked?

3.4.5. Self-Reported Anthropometric Measurements and History
of Diseases
The self-reported anthropometric measurements included height, weight, and
waist and hip circumferences. BMI and waist-to-hip ratio were computed. The
self-reported history of diseases included history of hypertension and diabetes.

3.4.6. Demographic Variables
For demographics, the participants were asked about their age, gender, ethnicity,
marital status, employment status, monthly household income, level of education,
age of conversion/baptism, and whether they are born into an Adventist family.
There were four categories of ethnicity: Chinese, Indians, non-Malay and nonMuslim Bumiputras (natives of Sabah and Sarawak states of Malaysia) and Others.
Employment status was examined using five categories: employed, unemployed,
retired, homemaker and student. For statistical analysis, the last four categories
(unemployed, retired, homemaker and student) were into the category
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‘unemployed’. Monthly household income of the participants was categorized as
less than RM1000 (USD257), RM1001-2999 (USD257-771), RM3000-4999 (USD7711285), and RM5000 (USD1285) and above. The highest education level of
participants was categorized as secondary school or less, diploma (a higher
education qualification just below a bachelor’s degree), and bachelor’s degree or
above.

3.4.7. Health Screening Measurements
Community health screenings were conducted to measure blood pressure,
random blood glucose level, weight, height, and waist and hip circumferences in a
sub-group of participants.
3.4.7.1. Blood Pressure
Systolic and diastolic blood pressures were measured using Omron HEM-7203
automatic blood pressure monitor. The participants were seated and rested for 10
minutes before their blood pressure was measured by volunteer second-year
medical students who had had no previous clinical practice; and three readings of
blood pressure were taken at a five minutes interval and the results were averaged
(Iyriboz & Hearon, 1992).

It is expensive to hire health workers to conduct health screening, thus, it a
common practice to include non-health workers. One of the concerns in the use
of non-health workers (such as medical students) in community health screening
is whether the measurements obtained through electronic blood pressure monitor
by non-health workers are as accurate as those obtained through mercury
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sphygmomanometers by health workers. There is evidence that blood pressure
measured by non-health workers using electronic blood pressure monitor is not
significantly different from that measured by qualified health workers (Reidpath
et al., 2012).
3.4.7.2. Random Blood Glucose Level
Random blood glucose level was measured using Omron HEA0221 blood glucose
meter. A drop of blood was obtained by pricking the participants’ ring fingers and
placed on the disposable test strip, which was read by the glucose meter.

Similar to the electronic blood pressure monitor, the accuracy of glucose meter is
also a common concern. The results from glucose meter is not as accurate as those
from laboratory results and many factors could affect the accuracy of glucose
meter, such as failure to calibrate the glucose meter regularly, poor hand washing,
dirty meters, improper storage of test strips and so on (Saudek et al., 2006). The
error grid analysis, which evaluates the accuracy of glucose meter by comparing
the results obtained from glucose meter with a reference value, breaks down a
scatterplot into five zones that represents level of accuracy (Clarke et al., 1987).
Zones A represents glucose values that deviate from the reference by no more
than 20% and Zone B represents values that deviate from the reference by more
than 20% but would not lead to inappropriate treatment, while Zone C to E
indicate inaccurate readings that could lead to inappropriate treatment (Clarke et
al., 1987). Many clinical studies of the accuracy of glucose meter have shown that
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glucose meter provide results that are in Zones A and B (Arabadjief & Nichols,
2006).
3.4.7.3. Weight and Height
Bod mass index (BMI), a widely used measure of body size, is a ratio of weight and
height. It is calculated by dividing weight in kilograms with the square of height in
metre (kg/m2); an BMI of 25 kg/m2 and above is considered overweight and an
BMI of 30kg/m2 and above is considered obese (World Health Organization,
2000). A higher BMI has been shown to be associated with higher risks of
cardiovascular diseases (Tirosh et al., 2011) and type-II diabetes (Narayan et al.,
2007). However, these BMI cut-off points for overweight and obesity are based on
Caucasian/European populations. Asian populations have a higher body fat
percentage at similar BMI and studies have shown that mortality and morbidities
among Asians occur at a lower BMI (Reddy et al., 2002; Yoshiike et al., 2002; Zhou,
2002). The suggested cut-off points for overweight and obesity among Asians are
23kg/m2 and 27.5kg/m2, respectively (Ismail et al., 2004). Since almost all the
participants of the current study are Asians, these lower cut-off points were used.

In this study, weight and height were measured using Deluxe GBS-721 scale with
height gauge. The participants removed their shoes and cleared their pockets
before the measurements. BMI was calculated automatically by the scale.
3.4.7.4. Waist and Hip Circumferences
BMI is a simple ratio between body weight and height and tends to overestimates
degree of obesity in very muscular individuals, underestimates individual who
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have lost muscles mass, and be exaggerated in very short or tall people and in the
presence of oedema (Ismail et al., 2004).
Abdominal obesity has been shown to be associated with increased risk of
cardiovascular diseases (Mahabadi et al., 2009). However, BMI does not account
for individual body fat distribution. Studies have shown that there is a wide range
of body fat distribution even between people with similar BMIs (World Health
Organization,

2000).

Abdominal

obesity

could

be

measured

by

waist

circumference, waist-hip ratio and the less common waist-height ratio (Huxley et
al., 2010). In fact, waist circumference and waist-hip ratio have been shown to be a
better indicator of risk of cardiovascular diseases (De Koning et al., 2007; Savva et
al., 2000; Welborn et al., 2003), diabetes (Qiao & Nyamdorj, 2010) and all-cause
mortality (Seidell, 2010). However, other studies have shown that BMI and waisthip-ratio are no different than BMI in predicting cardiovascular diseases (Dalton
et al., 2003) and diabetes (Vazquez et al., 2007).

Similar to BMI, the cut-off points of waist circumference and waist-hip ratio
associated with increased risks are specific to ethnic groups. In a study of
Singaporean Chinese, Malays and Indians, it was found these ethnic groups have
higher body fat percentage compared with Caucasians at a given BMI (Deurenberg
et al., 2002; Deurenberg-Yap, 2000). The World Health Organization suggested
that the waist circumferences greater than 94cm for men and 80cm for women
and a waist-hip ratio greater than 1.0 in men and .85 in women are associated with
increased risks of diseases (World Health Organization, 2000). However, evidence
from various studies that included Asians recommend that while waist-hip ratio
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should remain the same as the Caucasians, a lower cut-off points for waist
circumferences should be use (Ismail et al., 2004). For comparison with the waist
circumference of the Malaysian population, a cut-off points greater than 90cm for
men and greater than 80cm for women were used in this study (Institute for
Public Health, 2015).

In this study, waist and hip circumferences were measured using a flexible
measuring tape. The participants were standing upright during the measurement.
Waist circumference was measured at the midpoint between the top of the iliac
crest and the lower margin of the last palpable rib in the mid-axillar line and hip
circumference was measured at the largest circumference of the buttocks (World
Health Organization, 2008). Waist-to-hip ratio was computed for males and
females.

3.5. Translation of Questionnaires
Validated translated questionnaires were used where available. Validated Malay
translations were available for DUREL (Nurasikin et al., 2010) and validated
Chinese translation was available for HPLP-II Nutrition Subscale (Teng et al.,
2010).

When validated translations were unavailable, the questionnaires were translated
into Chinese and Malay by native speakers. The official Chinese translation of
DUREL, and WHO STEPS Instruments for diet, alcohol consumption, history of
diabetes and history of raised blood pressure were unsatisfactory and they were
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retranslated. All questionnaires were back-translated into English by native
Chinese and Malay speakers who were also fluent in English.

3.6. Pilot Testing of Questionnaires
The questionnaires were pilot tested for readability. Three elders were asked to
fill in the questionnaire for pastors/elders and nine Adventists (three for each
language) from PMM who were not pastors/elders were asked to fill in the
questionnaire for congregational members. The questionnaires were edited based
on the comments from the pilot testing participants.

3.7. Analyses
The data were analysed in the following sequence. First principal component
analysis (PCA) was conducted on the religious variables. Then multiple
imputations were conducted on all the variables (including dependent variables)
(Young & Johnson, 2010). Five imputed datasets (N=574) were obtained and they
were used subsequently in descriptive analysis, multiple regressions, and
multilevel regressions. A subset of each of the dataset (N=100) were used in path
analysis. Figure 2 is the flowchart of data analysis of this study:
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Figure 2. Main steps in data analysis.

Data were analysed with R statistical software (R Core Team, 2015).

3.7.1. Principal Components Analysis
Principal components analysis (PCA) is a multivariate statistical technique that
analyses a set of inter-correlated variables of a dataset and convert them into
linearly uncorrelated variables called principal components (Abdi & Williams,
2010). It could be conducted before preforming regression to explore the
relationship between variables. More importantly, it is used to overcome multicollinearity problems in regression (Sainani, 2014; Tabachnick & Fidell, 2013).

In this study, PCA was conducted on the religious variables to determine whether
the items cluster together within their scales, using the psych package in R
(Revelle, 2015). The four religious scales included in PCA were Religious
Attendance (one item), Private Religious Activities (one item), Intrinsic Religiosity
(three items), and Secular Activities on Sabbath (six items). The Secular Activities
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on Sabbath items and Intrinsic Religiosity items clustered among themselves
closely, indicating that they are two distinctive scales. Religious Attendance and
Private Religious Activities, both single-item, clustered with each other. However,
in this study, these two subscales were kept separated rather being summed into
one scale based on the recommendation of their authors (Koenig & Bussing, 2010).
The details of the PCA are found in Appendix K.

3.7.2. Multiple Imputation of Missing Data
In this study, the original dataset contained 607 cases. Thirty-three cases (5.4%)
from participants who were below 18 years old, Adventists not residing in West
Malaysia or non-Adventists, and who did not specify their age, were removed
before multiple imputation. Table 3 shows the number and percentage of missing
values of the current study after the removal of the thirty-three cases.

Table 3. Missing data in the dataset after removal of cases that do not fit into the
selection criteria.
Variables

Number of missing

% of missing values

values (out of 574)

Religious variables
Religious attendance

11

1.9

Private religious activities

11

1.9

Intrinsic religiosity

15

2.6

Sabbath keeping

31

5.4

Dietary habits

22

3.8

Fruit and vegetable intake

59

10.4

Vegetarian status

16

2.8

0

0

Dietary variables

Demographic variables
Gender

95

Ethnicity

2

0.4

Marital status

8

1.4

Monthly household income

70

12.2

Occupation

9

1.6

Education

12

2.1

Age of baptism

55

9.6

Born in Adventist family

10

1.7

Overall the percentage of missing data was small, except monthly household
income (12.2%), fruit and vegetable intake (10.3%), and age of baptism (9.6%). Of
the 70 cases with missing data on monthly household income, 26 (37.1%) were
students, and this might be the main reason of its high percentage of missingness
compared with other variables because the students might not be sure about their
monthly household income. The fruit and vegetable intake item asked the
participants how many average servings of fruit/vegetable they consume per day.
One possible reason for the high proportion of missingness for fruit and vegetable
intake could be that the participants might not know how to calculate average
serving, even though references to serving size had been included in the
questionnaire. Whether one was born in Adventist family also has high
missingness compared with other variables maybe because the participants were
not sure about the exact definition of “born in Adventist family”; there were cases
where participants were born in families where only one of the parents was
Adventist.

Missing data is a common problem in public health research. Rubin (1976)
proposed three mechanisms of missing data: missing completely at random
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(MCAR), missing at random (MAR) and missing not at random (MNAR). MCAR
means the missingness of variable X is unrelated to other variables in the data and
also to the underlying values of X itself; MAR is less restrictive than MCAR in that
missingness could be related to other variables but still must be unrelated to the
values of X; and MNAR means that missingness is related to the underlying values
of X.

The most common methods of handling missing data is listwise and pairwise
deletion (Peugh & Enders, 2004). Listwise deletion removes all cases that have
missing values, while pairwise deletion removed cases with missing data
depending on the variables that are used in statistical analysis. Even though
listwise and pairwise deletion are convenient to implement, they are considered
the worst methods to handle missing data and strongly discouraged (Wilkinson,
1999). Both deletion methods requires MCAR data and could produce distorted
results when this assumption is violated (Enders, 2010).

Modern missing data handling techniques, such as multiple imputation, are
recommended over the traditional methods (Peugh & Enders, 2004). Multiple
imputation, developed in the late 1980s, is a statistical technique to impute
incomplete data and has been shown to reduce bias and increase efficiency
compared to listwise deletion (Honaker et al., 2011). Unlike other procedures for
handling missing data, multiple imputation does not assume that the data MCAR
(Enders, 2010; Tabachnick & Fidell, 2013). Multiple imputation is gaining
popularity (Rubin, 1996) and has been used in various studies such as adult
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attention deficit/hyperactivity disorder (Kessler et al., 2006), cost-effectiveness of
chemotherapy (Burton et al., 2007), census (Clogg et al., 1991) etc.

Multiple imputations create multiple copies (usually 3-5) of the original dataset
and the missing values are replaced by the imputed values (Peugh & Enders, 2004;
Rubin, 2004; Sterne et al., 2009). In this study multiple imputations were
conducted using the Amelia package in R (Honaker et al., 2011). All the variables
that were used in subsequent analysis were multiply imputed, including the
dependent variables (Young & Johnson, 2010). Five imputations were obtained for
each multiple imputation. Multiple imputation is highly efficient in that a small
number of copies could produce is sufficient to produce excellent results; for
example, for a dataset with 30% missing data, five imputations produces 94%
efficiency, while ten imputations produces 97% efficiency (Schafer & Olsen, 1998).
Statistical analysis was then conducted on each of the imputed dataset and the
results are pooled according to Rubin’s rule (Rubin, 2004). Pooled parameter
estimates are calculated by taking the arithmetic mean of the estimates from each
data set while pooled standard error are calculated using within-imputation and
between-imputation variance (Baraldi & Enders, 2010). The within-imputation
variance is the arithmetic average of the squared standard errors, calculated as
follows:

𝑊=

∑ 𝑆𝐸𝑡2
𝑚

,
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where W is the within-imputation variance, SE is standard error, t denotes a
particular imputed data set, m the total number of imputed data sets. The
between-imputation variance is calculated using the following formula:

𝐵=

̂𝑡 −𝜃
̅ )2
∑(𝜃
𝑚−1

,

where B is the between-imputation variance, 𝜃̂𝑡 is the parameter estimate from
data set t, and 𝜃̅ is the average parameter estimate, and m the total number of
imputed data sets.

The pooled standard error includes both within- and between-imputation
variance:

𝑆𝐸 = √𝑊 + 𝐵 +

𝐵
𝑚

,

where SE is the pooled standard error, W is the within-imputation variance, B is
the between-imputation variance and m is the total number of imputed data sets.

Multiple imputation, like other statistical techniques, is based on certain
assumptions. In order to produce unbiased estimates, multiple imputation
requires that the data are MAR (Peugh & Enders, 2004). If data are MNAR
multiple imputation might produce misleading results. One way to make the MAR
assumption more plausible is to include a variety of variables in multiple
imputation even if they might not be used in subsequent statistical analysis
(Sterne et al., 2009). In this study, all variables, except congregational
conservativeness, were included in multiple imputations.
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Multiple imputation also assumes that data are normally distributed (Sterne et al.,
2009). Non-normal data should be transformed before multiple imputation and
the imputed values are transformed back to the original scale. However, there is
evidence showing that the violation of normality does not affect parameter
estimates seriously (Graham & Schafer, 1999). In this study, nominal data were
specified in the Amelia package, which transformed them before multiple
imputations and all the imputations that were created were returned to the
original untransformed form (Honaker et al., 2011).

3.7.3. Descriptive Analysis
Mean and standard deviations were computed for continuous data and
percentages were computed for categorical data. T-test (for continuous data) and
chi-square (for categorical data) were conducted to determine whether there were
gender differences between the variables.

3.7.4. Individual Religiosity and Diet
Multiple linear and logistic regressions were conducted using the stats package in
R (R Core Team, 2015). The subscales of the Duke University Religion Index
(DUREL) were analysed independently in separate regression models rather than
being summed into a total religiosity score. This approach follows the advice of
the DUREL scale developers (Koenig, 2011; Koenig & Bussing, 2010). If all subscales
are included in one regression model, the effects of religious attendance and
private religious activities might cancel out each other since diet may be positively
associated with religious attendance and negatively associated with private
religious activities. Separating the religious variables also avoids issues of multi-
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collinearity among the independent variables, and allows the estimation of each
possible effect.
3.7.4.1. Multiple Linear Regressions
In this study, multistep multiple linear regression analysis was conducted to
analyse the relationship between individual religiosity and diet. The religious
variables included for this analysis were religious attendance, private religious
activities, intrinsic religiosity and Sabbath keeping and the dietary variables were
dietary habits and fruit and vegetable intake, both of which were continuous. Each
religious variable was examined in separate regression models to avoid problems
of multi-collinearity (Koenig, 2011), see section 3.4.3. First the religious variables
were entered into the model to obtain the parameter coefficients for the bivariate
relationship between the religious variables and dietary variables. In this section,
only models including religious attendance are provided. Models including other
religious variables are found in Appendix L.1. The bivariate model for dietary
habits and religious attendance is specified below:
DH = β0 + β1(Religious attendance) + ε
where DH denotes dietary habit, β0 is the intercept, β1 is regression coefficient, and
ε is the error term.

The bivariate model for fruit and vegetable intake and religious attendance is
specified below:
FV = β0 + β1(Religious attendance) + ε
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where FV denotes fruit and vegetable intake, β0 is the intercept, β1 is regression
coefficient and ε is the error term.

In the next step the covariates (age, gender, ethnicity, marital status, employment
status, income, level of education, age of conversion/baptism, and whether they
are born into an Adventist family) were entered to determine whether there was a
significant relationship between the religious variables and the dietary variables.
The model for dietary habits and religious attendance is specified below:
DH = β0

+

β1(Age) + β2(Gender) + β3(Ethnicity) + β4(Marital Status) +

β5(Employment) + β6(Income) + β7(Education) + β8(Age of Baptism) +
β9(Born in Adventist
where DH denotes dietary habit, β0

is the intercept, β1-β10 are regression

coefficient, and ε is the error term.

The model for fruit and vegetable intake and religious attendance is specified
below:
FV = β0

+

β1(Age) + β2(Gender) + β3(Ethnicity) + β4(Marital Status) +

β5(Employment) + β6(Income) + β7(Education) + β8(Age of Baptism) +
β9(Born in Adventist Family) + β10(Religious Attendance) + ε
where FV denotes fruit and vegetable intake, β0 is the intercept, β1-β10 are
regression coefficients, and ε is the error term.
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3.7.4.2. Multiple Logistic Regressions
One of the assumptions of multiple linear regression is a linear relationship
between independent and dependent variables (Field et al., 2012). When the
dependent variable is dichotomous, this assumption is violated (Berry, 1993) and
logistic regression is more appropriate. Dichotomous outcomes are assumed to
follow a binomial distribution and a logistic regression equation expresses
multiple linear regression in logarithmic term (logit) in order to overcome nonlinearity of data (Kleinbaum & Klein, 2010). In logistic regression, the probability
of dependent variable is predicted. The general model of logistic regression is as
the following:
𝑃(𝑋) =

1
1 + 𝑒 −(𝛽0 +∑ 𝛽𝑖 𝑋𝑖 )

where P(X) is the probability of X, e is the base of natural logarithms, β0 is the
intercept and β1 the regression coefficient from linear regression.

In this study, multistep multiple logistic regression analysis was conducted to
analyse the relationship between individual religiosity and vegetarian status, a
dichotomous variable. The religious variables included for this analysis were
religious attendance, private religious activities, intrinsic religiosity and Sabbathkeeping. Similar to multiple linear regressions in the previous subsection, each
religious variable was examined in separate regression models. First the religious
variables were entered into the model to obtain the parameter coefficients for the
bivariate relationship between the religious variables and vegetarian status. In this
section, only models including religious attendance are provided. Models
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including other religious variables are found in Appendix L.2. The bivariate model
for fruit and vegetable intake and religious attendance is specified below:
𝑃(𝑉𝑒𝑔𝑒𝑡𝑎𝑟𝑖𝑎𝑛) =

1
1+

𝑒 −(𝛽0 +𝛽1 (𝑅𝑒𝑙𝑖𝑔𝑖𝑜𝑢𝑠 𝐴𝑡𝑡𝑒𝑛𝑑𝑎𝑛𝑐𝑒))

where P(Vegetarian) denotes the probability of being vegetarian, β0

is the

intercept, and β1 is regression coefficient.

Then the covariates (age, gender, ethnicity, marital status, employment status,
income, level of education, age of conversion/baptism, and whether they are born
into an Adventist family) were entered to determine whether there was a
significant relationship between the religious variables and vegetarian status. The
model are specified below:
𝑃(𝑉𝑒𝑔𝑒𝑡𝑎𝑟𝑖𝑎𝑛)
=

1
1+

𝑒 −(𝛽0 +β1(A)+β2(G) + β3(E) + β4(MS) + β5(E) + β6(In) + β7(Edu) + β8 (AB) + β9 (AF) + β10(𝑅𝐴))

where P(Vegetarian) denotes the probability of being vegetarian, β0

is the

intercept, and β1-β10 are regression coefficients, A=age, G=gender, E=ethnicity,
MS=marital status, In=income, Edu=education, AB=age of baptism, AF=born in
Adventist family, RA=religious attendance.

Odds ratios were calculated by exponentiating the regression coefficients. To
determine the 95% confidence intervals for the odds ratios, bootstrapping was
conducted 1,000 times on each of the five imputed datasets. The means of
coefficients were obtained from the five sets of bootstrap samples and sorted in
ascending order. The 25th and 975th values were exponentiated to obtain the 95%
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confidence interval. Bootstrapping was employed because it does not assume
normality of the sampling distribution (Efron & Tibshirani, 1994; Mooney & Duval,
1993).

3.7.5. Social Gradient and Diet
3.6.5.1.Multiple Linear Regressions
Multistep hierarchical multiple regression analysis was conducted to analyze the
relationship between socioeconomic variables and dietary habits. First, each
socioeconomic variable (education, employment, income) was entered separately
into the model to obtain the parameter coefficients for the bivariate relationship
between the socioeconomic variable and dietary variable. The models are specified
below:
DH = β0 + β1(Education) + ε
DH = β0 + β1(Employment) + ε
DH = β0 + β1(Income) + ε
where DH denotes dietary habit, β0 is the intercept, β1’s are regression coefficients,
and ε is the error term.

Then, the socioeconomic variables were entered one at a time together with
demographic

variables

(age,

gender,

ethnicity,

marital

status,

age

of

conversion/baptism, and whether the participants were born into an Adventist
family), and religious attendance. The models are specified below:
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DH = β0 + β1(Education) + β2(Age) + β3(Gender) + β4(Ethnicity) + β5(Marital Status)
+ β6(Age of Baptism) + β7(Born in Adventist Family) +

β8(Religious

Attendance)
DH = β0 + β1(Employment) + β2(Age) + β3(Gender) + β4(Ethnicity) + β5(Marital
Status) + β6(Age of Baptism) + β7(Born in Adventist Family) + β8(Religious
Attendance)
DH = β0 + β1(Income) + β2(Age) + β3(Gender) + β4(Ethnicity) + β5(Marital Status) +
β6(Age of Baptism) + β7(Born in Adventist Family) +

β8(Religious

Attendance)
where DH denotes dietary habit, β0

is the intercept, β1-β8 are regression

coefficient, and ε is the error term.

In the last step, all three socioeconomic variables, demographic variables and
religious attendance were entered together.
DH = β0 + β1(Education) + β2(Employment) + β3(Income) + β4(Age) + β5(Gender) +
β6(Ethnicity) + β7(Marital Status) + β8(Age of Baptism) + β9(Born in
Adventist Family) + β10(Religious Attendance)
where DH denotes dietary habit, β0

is the intercept, β1-β10 are regression

coefficient, and ε is the error term.

3.7.6. Congregational Effect and Diet: Multilevel Analysis
3.7.6.1.Multilevel Linear Regressions
Data generally are hierarchical or clustered in nature (Braveman et al., 2010), for
example, schoolchildren are nested within classrooms, employees are nested
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within

companies,

congregants

are

nested

within

congregations.

The

characteristics of the cluster/group where a person belongs to might influence
individual characteristics; for example, schoolchildren are nested within
classrooms with different characteristics such as the types of teachers, and the
classrooms are clustered within schools, which are located in areas with different
socioeconomic status.

One older approach to analyse hierarchical data is to disaggregate group-level
variable to the individual-level and examine individual- and group-level variables
both at the individual level (Hox, 1998). However, this approach can lead to the
atomistic fallacy, where inferences regarding variability across groups are drawn
based on individual data (Diez, 2002). For example, a study might find that
increased individual income is associated with decreased mortality from coronary
heart disease. Atomistic fallacy is committed when one infers from the individual
data that increased per capita income at the country level is also associated with
decreased mortality from coronary heart disease. Since individual who belong to
the same group tend to be more similar than those from other groups, this
approach also violates the assumption of independence of observations in singlelevel ordinary-least squares (OLS) regression (Luke, 2004). Another traditional
approach to analyse hierarchical data is to aggregate individual level variables to
group-level and conduct statistical analysis at group level (Hox, 1998). This can
lead to the ecological fallacy, where inferences at the individual level are drawn
based on group-level data (Diez, 2002). An example of ecological fallacy is to infer
that women who consume a lot of fat are more likely to get breast cancer because
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epidemiological studies have shown that countries that have high fat consumption
also have high breast cancer mortality rate.

The problems with these two

approaches to multilevel data lead to an increased interest in statistical methods
suitable for multilevel analysis. Multilevel modelling is an extension of ordinary
least squares regression so that multiple level data can be analysed (Paterson &
Goldstein, 1991).

In multilevel modelling, there are: 1) the unconstrained or null model, which
contains no level 1 or level 2 predictors and is used to determine whether there
was significant congregational-level variance to warrant the use of multilevel
modelling; 2) the random intercept model where level 1 intercepts vary across
level 2 units but level 1 slopes are held constant; and 3) the model where both
intercepts and slopes vary across level 2 units (Gelman & Hill, 2006; Luke, 2004).
Random-slope and random-intercept model is recommended when one wants to
study the cross level interaction between individual and group level variables
(Luke, 2004). The purpose of the current study was to examine congregational
effect on diet and cross level interaction was not included. Thus, only null and
random-intercept models were included in this study.

The general model of a two-level random-intercept multilevel model with one
predictor at the individual level and one predictor at the group level is as the
following:
Level 1: Yij = β0j + β1jXij + rij
Level 2: β0j = γ00 + γ01Wj + u0j
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where Yij is the score on the dependent variable for ith individual in jth group, Xij is
the individual-level predictor for ith individual in jth group, β0j is the intercept of
the dependent variable in group j, β1j is slope for the relationship in group j
between individual-level predictor and the dependent variable, rij is the
individual-level errors, γ00 is the grand mean value of the score of the individuallevel dependent variable when all the predictors are equal to 0, Wj is the grouplevel predictor, γ01 is the slope between the dependent variable and the group-level
predictor, u0j is the error for the intercept.

The combined formula is specified below:
Yij = [γ00 + γ10Xij + γ01Wj + γ11WjXij] + [u0j + u1jXij + rij]
fixed
random

When a linear model contains both fixed-effects and random-effects terms, it is
also known as mixed models. The fixed part is held constant across groups while
the random part is allowed to vary across groups (Diez, 2002).

In a multilevel analysis, two variances were examined: the group-level variance,
which “reflects the degree to which groups differ in their mean values (intercepts)
on the dependent variable”, and the individual-level variance, which “reflect the
degree to which an individual score differs from its predicted value within a
specific group “ (Kavanagh et al., 2010).
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In this study, multilevel modelling was used to examine how individual religiosity
and congregational conservativeness was associated with individual diet while
controlling for individual demographics. The current study used two-level data,
where the congregants are clustered within congregations, as shown in Figure 3.
The data were analysed with nlme package in R software (Pinheiro et al., 2016).

Figure 3. A two-level hierarchical structure.

Multilevel Linear Regression Model Building
Model 0 (null model). A baseline/null model was constructed for each of the
two continuous dietary variables (dietary habits and fruit and vegetable intake). A
null model does not include predictors but random intercept variance term for
groups (congregations). The purpose of examining a null model was to determine
whether there was significant congregational-level variance to warrant the use of
multilevel modelling. The model is specified as follow:
Dietij = β0j + rij
β0j = γ00 + u0j
The combined form: Dietij = γ00 + u0j + rij
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Dietij denotes the dietary variable for individual i nested in the congregation j, γ00
is the mean score of dietary variable in congregation j, u0j is congregational-level
error and rij is individual-level error.

To determine how much of the variance in dietary habits can be explained by
congregational level, the intra-class correlation (ICC) was computed from the
variance components by using the following formula (Luke, 2004):
𝐼𝐶𝐶 =

𝜎𝑢20
(𝜎𝑢20 + 𝜎𝑟2 )

Where 𝜎𝑢20 is the congregational-level variance, and 𝜎𝑟2 is the individual-level
variance. To test whether 𝜎𝑢20 was significantly larger than zero, the -2 log
likelihood value of the null model, which had a random intercept, was compared
to that of the model without a random intercept (Kavanagh et al., 2010). 𝜎𝑢20 is
significant if the -2 log likelihood of the null model is larger. A significant 𝜎𝑢20
indicates the need for multilevel modelling.

For dietary habits, there was a significant congregational clustering. However, for
fruit and vegetable intake, there was no significant intercept variation, thus no
significant congregational clustering. Multilevel modelling was unnecessary for
fruit and vegetable intake.

Model 1. In this model the relationship between dietary habits and demographics
(age, gender, ethnicity, marital status, employment status, income, level of
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education, age of conversion/baptism, and whether they are born into an
Adventist family) were examined. The model is specific as below:
DHij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + u0j + rij
DHij denotes dietary habits for individual i nested in the congregation j, γ00 is the
intercept, β1-9 are the coefficients, u0j is congregational-level error and rij is
individual-level error.

Models 2. Models 2 built on model 1 and added individual religious variables. In
this section, only models including religious attendance are provided. Models
including other religious variables are found in Appendix M.1 . The model is
specified as below:
DHij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + β10(Religious Attendance)ij + u0j + rij
DHij denotes dietary habits for individual i nested in the congregation j, γ00 is the
intercept, β1-10 are the coefficients, u0j is congregational-level error and rij is
individual-level error.

Models 3. Models 3 built on model 2 and included congregational size and
conservativeness. The model is specified below:
DHij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
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β9(Adventist Family)ij + β10(Religious Attendance)ij + β11(Congregational
Conservativeness)ij + u0j + rij
DHij denotes dietary habits for individual i nested in the congregation j, γ00 is the
intercept, β1-11 are the coefficients, u0j is congregational-level error and rij is
individual-level error.

Coefficient of Determination (r2)
Explained variance is an important concept in multiple regression, and the usual
measure for the proportion of variance modelled by the explanatory variables is
the coefficient of determination, R2 (Bliese, 2006). For multilevel model, the
concept of explained variance is problematic because there is more than one level
in the analysis. Since there are multiple levels, there are also multiple R2 and R2 is
calculated at each level. For the R2 explained at the individual level, the following
formula was used (Bliese, 2006):
𝑅12

2
2
𝜎𝑒𝑏
− 𝜎𝑒𝑚
=
2
𝜎𝑒𝑏

2
where 𝑅12 is the proportion of variance explained at the individual level, 𝜎𝑒𝑏
is the
2
individual level variance of the baseline model, which is the null model, and 𝜎𝑒𝑚
is

the individual level variance for the comparison model.

For R2 explained at the congregational level, the following formula was used:
𝑅22 =

2
2
𝜎𝑢𝑏
− 𝜎𝑢𝑚
2
𝜎𝑢𝑏
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where 𝑅22 is the proportion of variance explained at the congregational level,
2
𝜎𝑒𝑢𝑏𝑏
is the congregational level variance of the baseline model, which is the null
2
model, and 𝜎𝑢𝑚
is the congregational level variance for the comparison model.

Model Fit
Akaike Information Criterion (AIC), and -2 log likelihood of the fitted models
were compared. A better fit was indicated by reduced AIC and -2 log likelihood.
Chi-square tests were conducted to compare deviances of different models.
3.7.6.2. Multilevel Logistic Regression
When the dependent variable is categorical, it is necessary to use a generalized
multilevel model rather than a linear multilevel model due to violation of the
assumption of normality (Bolker et al., 2009). As in logistic regression, multilevel
logistic regression also utilizes the logit transformation. The general model of a
two-level generalized multilevel model with one predictor is as the following:
Level 1: ηij = β0j + β1jXij
Level 2: β0j = γ00 + γ01Wj + u0j
β1j = γ10
where ηij is the log odds of the score of the dependent variable for ith individual in
jth group, Xij is the individual-level predictor for ith individual in jth group, β0j is the
intercept of the dependent variable in group j, β1j is slope for the relationship in
group j between individual-level predictor and the dependent variable. There is no
term for level 1 error variance since the variance is a directly determined by the
mean (Luke, 2004).
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In level 2, γ00 is the log odds of the score of the individual-level dependent
variable, Wj is the group-level predictor, γ01 is the slope between the dependent
variable and the group-level predictor, u0j is the error for the intercept, γ10 is the
slope between the dependent variable and the individual-level predictor, and u1j is
the error for the slope.

The combined formula is specified below:
ηij = γ00 + γ10Xij + γ01Wj + u0j

In this study, multilevel logistic regression was conducted to examine how
individual religiosity and congregational characteristics were associated with
individual vegetarian status while controlling for individual demographics. The
data were analysed with lme4 package in R software (Bates et al., 2014).

Multilevel Logistic Regression Model Building
Model 0 (null model). A baseline/null model was constructed for vegetarian
status, a dichotomous variable. A null model does not include predictors but
random intercept variance term for groups (congregations). The purpose of
examining a null model was to determine how much of the variability in
vegetarian status is accounted for by congregations.

To determine how much of the variance in vegetarian status can be explained by
congregational level, the intra-class correlation was computed. There is a slight
modification to the formula as the previous section, where the level-1 error
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variance is assumed to have a standard logistic distribution, with a variance of
π2/3, as in the following formula (Rodrıguez & Elo, 2003):
𝐼𝐶𝐶 =

𝜎𝑢20
2
(𝜎𝑢20 + 𝜋 ⁄3)

where ICC is the intra-class correlation, 𝜎𝑢20 is the congregational-level variance.
Model 1. In this model the relationship between vegetarian status and
demographics (age, gender, ethnicity, marital status, employment status, income,
level of education, age of conversion/baptism, and whether they are born into an
Adventist family) were examined. The model is specific as below:
Vegij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + u0j
where Vegij is the log odds of being a vegetarian for individual i nested in the
congregation j, γ00 is the intercept, β1-9 are the coefficients and u0j is
congregational-level error.

Models 2. Models 2 built on model 1 and added individual religious variables. In
this section, only models including religious attendance are provided. Models
including other religious variables are found in Appendix M.2. The model is
specified as below:
Vegij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + β10(Religious Attendance)ij + u0j
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Models

3.

Model 3

built on model 2 and

included

congregational

conservativeness. The models are specified below:
Vegij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + β10(Religious Attendance)ij + β11(Congregational
Conservativeness)ij + u0j
Model Fit
Akaike Information Criterion (AIC), and -2 log likelihood of the fitted models
were compared. A better fit was indicated by reduced AIC and -2 log likelihood.
Chi-square tests were conducted to compare deviances of different models.

3.7.7. Mediation Analysis
Path analysis, originally developed by Sewall Wright, a geneticist in 1920s, is an
extension of multiple regression and is used to examine hypothesized casual
connections between variables (Pedhazur, 1997). Similar to regression, path
analysis is based on linear statistical models and is only valid when certain
assumptions are met; regression methods assume a normal distribution while
path analysis assumes multivariate normality (Suhr, 2008). Path analysis is a type
of structural equation modelling (SEM), a family of multivariate statistical
techniques that also include confirmatory factor analysis, structural regression
models, latent growth modelling and so on (Kline, 2015).

Path analysis is usually depicted with path diagram, a graphical representation of
associations between variables (Wright, 1934, 1960). In a path diagram, exogenous
variables are those that do not receive causal inputs from any other variable while
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endogenous variables are those that receive one or more such causal inputs
(Loehlin, 2004). Extraneous variables aare the variance unexplained by the
endogenous variables, such as measurement error (Kline, 2015).

A path analysis examines three types of effects: direct, indirect and total effects.
Direct effect is the association between two variables through direct pathways in
the path diagram without including the indirect effects (for example, the effects of
Ex1 on En1 in Figure 5); indirect effect is the association between two variables
mediated through other variables (for example, the effects of Ex1 on En2 through
En1), and total effect is the sum of direct and indirect effects of two variables
(Loehlin, 2004).

In this study, first Pearson product-moment coefficients were calculated for
correlations between religious, health behaviour (except alcohol consumption in
the past 30 days) and health outcomes variables. Alcohol consumption in the past
30 days is a dichotomous variable and point-biserial correlation coefficients were
calculated for correlation between alcohol consumption and other variables. Then
path analysis was conducted using the lavaan package in R (Rosseel, 2012) to
determine whether health behaviours (alcohol consumption, dietary habit and
exercise) mediate the relationship between individual religiosity (religious
attendance, private religious activities, intrinsic religiosity, and Sabbath-keeping)
and health outcomes (systolic and diastolic blood pressure and blood glucose
level), as shown in the path diagram in Figure 4 below. Twelve path analyses were
performed.
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Figure 4. Path diagram of the relationship between religiosity and health
outcomes.

The indirect effect of religious variable on health outcome through the one of the
health behaviour variables was calculated as the product of the path coefficient
between the religiosity variable and the health behaviour variable (a1-3) and the
path coefficient between the health behaviour variable and health outcome (b1-3).
The overall indirect effect was the sum of all the indirect effects of religiosity and
health outcome through health behaviour. The total effect of religiosity on health
outcome (c) was the sum of overall indirect effect and direct effect (c’). For each
path diagram, direct, indirect and total effects of religiosity on health outcomes
were computed. All path analyses were controlled for age, gender, ethnicity,
marital status, employment status, income, level of education, age of
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conversion/baptism, and whether the participants were born into an Adventist
family.
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CHAPTER 4: SAMPLE PROFILE
This chapter presents the descriptive results of the participating congregations
and participants. It contains five sections. The first section presents the
demographics of the 574 participants. The second to sixth sections summarise the
religiosity, diet, lifestyle factors and self-reported health status of the 574
participants.

4.1. Demographics of Participants
There were 607 returned questionnaires from church members, where 500 were
hardcopies, and 107 were online questionnaires. Thirty-three questionnaires were
excluded because the participants were below 18 years old, did not specify their
age, were Adventists not residing in West Malaysia, or non-Adventists. Five
hundred and seventy-four questionnaires from 45 congregations were available for
analysis. The response rate, based on 750 eligible participants, was 76.5%, which
was relatively low compared with the 90.0% and above response rates in Adventist
Health Studies, 98.8% (Beeson et al., 1989; Butler et al., 2008), but relatively
higher than other epidemiologic surveys (mean response rate about 60.0%) (Asch
et al., 1997; Galea & Tracy, 2007). Table 4 shows the demographic characteristics of
the participants (values are expressed as mean±standard deviation or percentage).
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Table 4. Demographics of participants.
Males

Females

(n=253)

(n=321)

34.6±13.70

35.31±14.42

34.0±13.09

Chinese

54.0%

51.5%

56.0%

Indian

9.4%

10.4%

8.6%

Bumiputra

25.5%

24.0%

26.6%

Others

11.2%

14.2%

8.8%

Secondary school or less

37.1%

35.8%

38.1%

Diploma

25.7%

22.9%

28.0%

Bachelor's degree

30.0%

33.1%

27.6%

Graduate degree

7.1%

8.2%

6.3%

Never married

52.4%

54.8%

50.6%

Currently married

41.4%

42.5%

40.6%

Previously married

6.1%

2.7%

8.8%

Less than RM1000

23.5%

23.6%

23.5%

RM1001-2999

35.6%

30.9%

39.4%

RM3000-4999

23.2%

22.6%

23.6%

Above RM5000

17.7%

22.9%

13.5%

Employment (Yes)

60.0%

65.6%

55.6%

Age of baptism (years)

19.4±10.08

19.6±10.36

19.2±8.86

Born in Adventist family (Yes)

45.7%

46.2%

45.3%

Variables

All

Age (years)
Ethnicity

Education

Marital status

Income

The average age of the sample was 34.6 years, while the average age of baptism
(joining the Seventh-Day Adventist Church) was 19.3 years. About half of the
participants were Chinese, and a quarter were non-Malay Bumiputras2. About 44%
of the participants were male and about 62% of the sample had completed tertiary
2

Non-Muslim natives of Sabah and Sarawak states of Malaysia
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education, and 40% were currently married. Sixty per cent of the participants were
employed. About 45% of them were born and raised by parent(s) who are
Seventh-Day Adventists. There were no significant demographic differences
between males and females.

4.2. Religiosity
There was no significant difference on most of the religious variable between
males and females, with the exception of Sabbath-keeping (females scored
higher), see Table 5.

Table 5. Religiosity of participants.
Variables

All

Males

Females

(n=253)

(n=321)

Religious attendance
Less than once per week

10.4%

10.3%

10.4%

Once a week

48.6%

43.0%

53.1%

More than once per week

41.0%

46.7%

36.5%

Once or less than once per week

20.9%

20.0%

21.6%

More than once per week

79.1%

80.0%

78.4%

Intrinsic religiosity (3 = low, 15 = high)

14.0±1.52

14.0±1.51

14.1±1.53

Sabbath-keeping(4 = low, 24 = high)*

20.8±3.86

20.4±4.15

21.1±3.59

Private religious activities

Note. Significant differences by gender: *p<0.05

About 90% of the participants attend church at least once a week, and about 80%
of them conducted private religious activities at least once a week. Their intrinsic
religiosity and Sabbath-keeping scores were on the high side too.
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4.3. Diet
Females had better dietary habit than the males, while both males and females
were not significantly different in fruit and vegetable intake and vegetarian status
(Table 6). The average daily fruit and vegetable intake of all participants was
about five servings. About 40% (not shown in the table) of them consumed five or
more servings of fruit and vegetable daily, compared to 7.5% of the general
Malaysian population (Ministry of Health, 2011). However, the prevalence of
vegetarianism among the participants of the current study (17.8%) was much
lower than the Adventists in North America (35.8%) (Butler et al., 2008).

Table 6. Diet of participants.
Males

Females

(n=253)

(n=321)

17.8%

17.4%

18.1%

4.8±2.32

4.9±2.56

4.6±2.10

2.7±0.48

2.7±0.44

2.8±0.50

Variables

All

Vegetarian status (yes)
Average daily fruit and/or vegetable
servings
Dietary habit (1= never, 4 = routinely)***

Note. Significant differences by gender: ***p<0.001

4.4. Lifestyle Factors
Consistent with the findings from AHS-2 (Butler et al., 2008), the prevalence of
alcohol drinking and smoking was low among the participants (Table 7). About
60% of the participants are lifetime alcohol abstainers; only about 6% of them are
current drinkers (consumed alcohol in the past 30 days), compared with 12.8% of
the general Malaysian population (Ministry of Health, 2011). More males
consumed alcohol in the past and in the past 30 days than females. None of the
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females are current smokers, and only 1.6% of males were current smokers,
compared to 25% of the Malaysian population (Ministry of Health, 2011). Overall
males exercised more than the females, and males also were engaged in
significantly more strenuous exercise in a week.

Table 7. Lifestyle factors of participants.
Males

Females

(n=253)

(n=321)

39.8%

46.6%

34.4%

16.3%

23.5%

10.7%

6.0%

8.9%

3.8%

0.8%

1.7%

0%

Godin leisure activity score**

30.1±32.03

33.8±37.80

27.1±26.05

Strenuous exercise per week***

1.4±2.12

1.8±2.54

1.1±1.64

Moderate exercise per week

2.1±2.66

2.3±3.05

1.9±2.30

Mild exercise per week

2.4±2.66

2.2±2.80

2.5±2.53

Variables

All

Past alcohol consumption (yes)
Past 12 months alcohol consumption
(yes)*
Past 30 days alcohol consumption
(yes)*
Smoking status (yes)
Exercise

Note. Significant differences by gender: *p<0.05; **p<0.01;***p<0.001

4.5. Self-Reported Anthropometric Measurements and
History of Diseases
Using the 23kg/m2 as the cut-off point for overweight and obesity, 29.0% of the
participants were pre-obese and 13.2% were obese (Table 8), compared to 33.4%
pre-obese and 30.6% obese among the Malaysian population (Table 9) (Institute
for Public Health, 2015; Ministry of Health, 2011). More females were underweight
and more males were pre-obese.
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Table 8. Self-reported health status.
Males

Females

(n=253)

(n=321)

22.7±4.23

23.2±4.34

22.3±4.11

Underweight (BMI<18.5)

13.4%

10.0%

16.3%

Normal (BMI=18.5-22.9)

44.8%

41.7%

47.2%

Pre-Obese (BMI=23-27.5)

29.0%

34.8%

24.6%

Obese (BMI>27.5)

13.2%

13.6%

11.9%

Waist circumference (cm)***

77.3±14.63

80.3±14.04

74.9±14.66

Abdominal obesity††***

23.2%

15.9%

29.0%

Hip circumference (cm)*

88.8±19.05

86.5±19.30

90.6±18.61

Waist-to-hip ratio

0.9±1.05

1.0±0.96

0.9±1.11

Raised blood glucose/diabetes (yes)

5.3%

7.0%

3.9%

11.1%

16.7%

6.7%

Variables

All

BMI†*

Overweight (BMI>23)

Raised

blood

(yes)*

pressure/hypertension

Note. Significant differences by gender: *p<0.05; ***:p<0.001
†Categorized

based on Management of Obesity, pg. 6

††

Waist circumference >90cm for males and >80cm for females

Table 9. Percentage of underweight, normal weight, pre-obesity and obesity
among Malaysians and Adventists in West Malaysia.
Ethnicity

Underweight
Normal
(BMI<18.5)
(BMI=18.5-23.0)
M’sia
Adv
M’sia
Adv
All
6.7
13.4
29.3
44.8
Chinese
8.3
16.5
34.4
46.5
Indian
4.6
11.5
33.1
42.0
Bumiputras
6.1
9.0
35.8
46.0
M’sia=Malaysia; Adv=Adventist

Pre-Obese
(BMI=23.0-27.5)
M’sia
Adv
33.4
29.0
35.4
28.3
33.1
32.0
35.8
25.4

Obese
(BMI>27.5)
M’sia
Adv
30.6
13.2
21.9
8.8
43.5
14.5
30.7
19.6

Note. Extracted from Institute for Public Health. (2015). National Health and Morbidity
Survey 2015, Vol II: Non-Communicable Diseases, Risk Factors and Other Health Problems.
Ministry of Public Health.
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Males had significantly lower hip circumference than the females. The overall and
by gender prevalence of abdominal obesity (overall=23.2%; males=15.9%;
females=29.0%) of the participants was about half of the prevalence of the
Malaysian population (overall=48.6%, males=38.2%, females=60.2%) (Institute for
Public Health, 2015). Similar to the Malaysian population, in this study females
had significantly higher percentage of abdominal obesity compared with males.

Since Indians and Malays have higher prevalence of obesity (Institute for Public
Health, 2015), it is possible that the low obesity prevalence among the participants
was due to the fact that the majority of the participants were Chinese and there
was no Malay participant and very few Indian participants. However, when
compared by ethnicity, the Adventists in West Malaysia have lower BMI; 44.8%,of
the Adventists in West Malaysia have normal body weight, compared with 29.3%
of Malaysians (Table 9) (Institute for Public Health, 2015).

The Adventists in West Malaysia had slightly lower prevalence of self-reported
diabetes and hypertension, at 5.3% and 11.1%, compared with the Malaysian
population, at 8.3% and 13.1% (Institute for Public Health, 2015). However, since
the diseases were self-reported, there might be cases where the participants were
unaware of their conditions. In addition, the low prevalence of diabetes and raised
blood pressure/hypertension might be due to age; most of the participants were
below 60 years old and the diseases are more common among those who are more
senior.
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CHAPTER 5: INDIVIDUAL RELIGIOSITY AND DIET
5.1. Introduction
This chapter reports the finding of the statistical analysis on the relationship
between individual religiosity and diet. It includes a published paper based on the
results from multiple linear and logistic regression analyses on the relationship
between religiosity and diet. Additional multiple regression analysis was
conducted and the results are presented. The paper addressed the first research
question: What is the relationship between individual religiosity and healthy
eating among Seventh-day Adventist in West Malaysia? It reported the results
from the data of 574 participants.
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5.2. Declaration for Thesis Chapter 5
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Nature of contribution
 Collected and analysed data
 Wrote the draft
 Designed the study
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5.3. Additional Regression Analysis
In the paper, multiple regressions were conducted by entering the four religious
variables into one regression model. My original approach was to enter the
religious variables into separate regression models. However, the journal editor
required that the religious variables to be entered into one regression model in
order to examine the independent effects of the religious variables. Koenig and
Bussing (2010) and Koenig (2011) recommend separate and independent analysis of
the different religious variables to avoid the problem of multi-collinearity (see
Sections 3.4.3 and 3.7.4.1). I included the original analytic approach here to
examine the different religious measures.

5.3.1. Results
Intrinsic religiosity and Sabbath-keeping were positively associated with better
dietary habit before and after controlling for covariates (Table 10). None of the
religious variables were significantly associated with fruit and vegetable intake
(Table 11). All religious variables were significantly associated with vegetarian
status (Table 12). After controlling for covariates, those who attended religious
gatherings once a week had 4.5 times higher odds of being vegetarians than those
who attended less than once per week; those who attended religious gatherings
more than once a week had seven times higher odds of being vegetarians than did
those who attended less than once per week; and those who conducted private
religious activities more than once per week had 2.1 times higher odds of being
vegetarians than did those who conducted private religious activities less than
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once per week (Table 12). Intrinsic religiosity and Sabbath-keeping had slightly
increased significant odds ratios, 1.5 and 1.3 respectively (Table 12).

For religious attendance, there was a significant difference in vegetarian status for
those attending once a week or more. The confidence intervals were, however,
very wide, indicating, for example the Adventists attending one per week had
odds of being vegetarians between 1.3 times and more than 17.6 times greater than
those who attend less than once per week. An examination of the distribution of
bootstrapped results showed a smooth gradient of results up to 17.6 (for
attendance once per week, and 29.6 for attendance more than once per week).

The results from the published paper and the additional analysis were similar,
with the exception of religious attendance and private religious activities and the
interpretation of the results were substantially similar too. Thus, the discussions
will not be repeated.
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Table 10. Multiple linear regression of dietary habit on religious variables.
Bivariate
Variables

Multivariate†

B

SE

β

t

R2

B

SE

β

t

R2

Once a week

0.040

0.071

0.054

0.584

0.008

0.024

0.069

0.032

0.358

More than once per week

0.115

0.070

0.156

1.662

0.085

0.068

0.088

1.254

0.129***

0.096

0.050

0.082

1.972

0.007

0.066

0.049

0.056

1.392

0.128***

Intrinsic religiosity

0.052

0.015

0.165

4.010***

0.0274***

0.042

0.016

0.134

3.303**

0.142***

Sabbath-keeping

0.021

0.013

0.172

4.176***

0.0297***

0.018

0.012

0.142

3.495***

0.144***

Religious attendance
Less than once per week

Private religious activities
Less than once per week
More than once per week

Note. **p<0.01; ***p<0.001
†Controlled

for covariates (Age, gender, ethnicity, marital status, income, employment, education, age of baptism, born in Adventist family or not)
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Table 11. Multiple linear regression of fruit and vegetable intake on religious variables.
Multivariate†

Bivariate
B

SE

β

t

R2

B

SE

β

t

R2

Once a week

-0.391

0.331

-0.109

-1.186

0.014

-0.448

0.330

-0.125

-1.358

0.070

More than once per week

0.178

0.336

0.050

0.236

0.005

0.339

0.001

0.015

0.091

0.238

0.016

0.382

0.000

-0.092

0.239

-0.016

-0.383

0.061

Intrinsic religiosity

0.070

0.064

0.046

1.105

0.002

0.081

0.065

0.053

1.261

0.064

Sabbath-keeping

0.022

0.028

0.036

0.862

0.001

0.016

0.029

0.027

0.636

0.062

Variables
Religious attendance
Less than once per week

Private religious activities
Less than once per week
More than once per week

†

Controlled for covariates (Age, gender, ethnicity, marital status, income, employment, education, age of baptism, born in Adventist family or not)
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Table 12. Logistic regression of vegetarian status on religious variables.
Multivariate†

Bivariate
Variables

B

SE

Odds ratio (CI)

B

SE

Odds ratio (CI)

Once a week

1.47

0.72

4.4(1.56,>13.96)*

1.56

0.75

4.5(1.32,>17.64)*

More than once per week

2.05

0.72

7.7(2.80,>26.81)**

2.80

0.75

7.0(2.29,>29.58)**

0.84

0.35

2.3(1.32,4.99)*

1.32

0.36

2.1(1.15,4.90)*

Intrinsic religiosity

0.34

0.11

1.4(1.15,1.92)*

1.15

0.12

1.5(1.21,1.97)***

Sabbath-keeping

0.28

0.06

1.3(1.18,1.58)***

1.18

0.07

1.3(1.20,1.63)***

Religious attendance
Less than once per week

Private religious activities
Less than once per week
More than once per week

Note. *p<0.05; **p<0.01; ***p<0.001
†

Controlled for covariates (Age, gender, ethnicity, marital status, income, employment, education, age of baptism, born in Adventist

family or not)
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CHAPTER 6: SOCIAL GRADIENT AND DIET
6.1. Introduction
This chapter reports the finding of the statistical analysis on the relationship
between social gradient and diet. It includes a published paper based on the
results from multiple linear regression analyses of social gradient and dietary
habits. The paper addressed the following research question: Does the social
gradient remain in the dietary habits of the Seventh-Day Adventists in West
Malaysia? It reported the results from the data of 574 participants.
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CHAPTER 7: CONGREGATIONAL EFFECT AND DIET
Having established that individual religiosity is associated with individual dietary
habits and vegetarian status and that social gradient exists in the dietary habits of
Adventists, a health-conscious population, multilevel modelling is used to
examine the question “Does congregational conservativeness predict individual
diet over and above individual factors (religiosity and demographics)?”. This
chapter includes the results of multilevel modelling of dietary habits and
vegetarian status. There was no significant congregational clustering for fruit and
vegetable intake, thus multilevel modelling would be redundant.

7.1. Results
7.1.1. Congregational Conservativeness
Pastors

from

forty-five

congregations

returned

the

questionnaires

on

congregational conservativeness. The average congregational conservativeness
rating by pastors was 6.2 (1=most liberal, 10=most conservative), with a range of 2
to 10. Table 13 summarizes the number of participants from each of the 51
Adventist congregations in Malaysia.
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Table 13. List of participating congregations and number of participants.
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Church Name
Alor Setar
Bagan Datoh Indian
Banting Indian
Bukit Jelutong Indian
Damansara Adventist Hope Centre
Farlim
Ipoh Chinese
Ipoh English
Johor Bahru BM
Johor Bahru English
Johor Bahru Indian
Klang BM
Klang Indian
Klebang Indian
Kluang
Kota Bahru Chinese
Kota Masai
Kuala Lumpur Chinese
Kuala Lumpur English
Kuala Selangor Indian
Kuantan Chinese
Kulai Chinese
Kulim
Kulim Indian
Lighthouse
Megah Ria
Melaka
Muar
Nibong Tebal Indian
Pandamaran BM
Penang Adventist Hopistal Church
Penang Chinese
Penang English
Penang Indian
Petaling Jaya Chinese
Petaling Jaya English
Pontian Chinese
Puchong Chinese
Puchong Indian
Seremban
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Number of
Participants
2
0
1
2
48
1
19
11
15
7
0
21
1
2
2
12
7
27
13
0
5
17
11
0
34
8
16
4
0
20
4
20
26
0
26
30
14
10
0
1

41
42
43
44
45
46
47
48
49
50
51

Shah Alam Indian
Sitiawan Indian
Skudai Chinese
Sungai Petani
Sungai Way Indian
Taiping
Tampin
Teluk Indian Indian
Ulu Tiram
USJ
Utama Beacon

2
0
13
2
0
0
25
12
23
45
15

Ten congregations with zero participants were excluded from the multilevel
analysis. Four of the congregations had only one participant; however, they were
still included in the multilevel analysis because “they can still provide partial
information that allows estimation of the coefficients and variance parameters of
the individual- and group-level regressions” (Gelman & Hill, 2006, p. 275).

7.1.2. Multilevel Linear Regression
The null model is as follow:
Dij = γ00 + u0j + rij
where Dij denotes the dietary variable (dietary habits and fruit and vegetable
intake) for individual i nested in the congregation j, γ00 is the mean score of
dietary variable in congregation j, u0j is congregational-level error and rij is
individual-level error.

For dietary habits, the estimated overall population mean dietary habits score, γ00,
was 2.74, with a standard error of .031. The estimated congregational-level
variance was 0.017 and the estimated of individual-level variance was 0.21. Intraclass correlation (ICC) was computed using the following formula:
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𝜎𝑢20
𝐼𝐶𝐶 = 2
(𝜎𝑢0 + 𝜎𝑟2 )
Where ICC is the intra-class correlation, 𝜎𝑢20 is the congregational-level variance,
and 𝜎𝑟2 is the individual-level variance.

An ICC of 0.076 was obtained which means that 7.6% of the variance in individual
dietary habits can be explained by congregational characteristics. There was a
significant difference between the -2 log likelihood of the null model with the
model without random intercept, indicating significant congregational-level
variance. Thus, from the null model, there was a significant congregational-level
variation in terms of dietary habits across the congregations, and about 7.6% of
the variation in individuals’ dietary habit score was due to the congregation to
which he or she belongs.

For fruit and vegetable, the estimated overall population mean fruit and vegetable
intake, γ00, was 4.8 servings, with a standard error of 0.12. The estimated
congregational-level variance was 0.15 and the estimated of individual-level
variance was 5.24. An ICC of 0.028 was obtained which means that 2.8% of the
variance in individual fruit and vegetable intake can be explained by
congregational characteristics. There was a no significant difference between the 2 log likelihood of the null model with the model without random intercept; there
was no significant congregational-level variation in terms of fruit and vegetable
intake across the congregations. Thus, multilevel modelling would be redundant
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Tables 14-17 summarize the three multilevel modelling results of individual and
congregational variables on dietary habits for each religious variable. In Model 1,
the relationship between dietary habit and demographics (age, gender, ethnicity,
marital status, employment status, income, level of education, age of
conversion/baptism, and whether they are born into an Adventist family) was
examined. Models 1 showed that age, being a female, having a Bachelor’s degree
and being born in an Adventist family were positively associated with dietary
habits score, while age of baptism was negatively associated with dietary habits
scores.

Models 2 built on model 1 and added individual religious variables. There was one
model for each religious variable. In Models 2, only intrinsic religiosity and
Sabbath keeping were positively and significantly associated with dietary habits.

Initially all congregational variables were added in Models 3. However, only
congregational conservativeness was included in the final Models 3, since the
other

congregational

variables

had

near

zero

regression

coefficients.

Congregational conservativeness was positively and significantly associated with
dietary habits in all Models 3.The addition of congregational conservativeness in
Models 3 improved the fit indexes over and above the addition of the individual
religious variables in Models 2 in all four sets of models.
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Table 14. Multilevel linear regression of dietary habits on demographics, religious
attendance and congregational conservativeness.
Variables
Fixed effect
Intercept
individual level
Age
Gender
Male
Female
Ethnicity
Chinese
Indian
Indigenous
Others
Marital status
Unmarried
Currently married
Previously married
Education
Secondary school or less
Diploma
Bachelor's degree
Graduate degree
Income†
Less than RM1000
RM1001-2999
RM3000-4999
Above RM5000
Employment (yes)
Age of baptism
Born in Adventist family
No
Yes
Religious attendance
Less than once per week
Once a week
More than once per week
Congregational level
Conservativeness
Random effect
Congregation

Model 1
β
SE

Model 2
β
SE

Model 3
β
SE

2.51***

0.08

2.46***

0.09

2.17***

0.14

0.11***

0.03

0.11***

0.03

0.11***

0.03

0.14***

0.04

0.14***

0.04

-0.10
0.08
-0.08

0.08
0.06
0.07

-0.09
0.13*
-0.05

0.07
0.06
0.07

-0.02
0.05

0.06
0.09

-0.01
0.07

0.06
0.09

0.08
0.10
0.10

0.05
0.05
0.08

0.10
0.10
0.10

0.05
0.05
0.08

Reference category
0.13***

0.04

Reference category
-0.10
0.08
-0.08

0.08
0.06
0.07

Reference category
-0.02
0.06

0.06
0.09

Reference category
0.08
0.10*
0.11

0.05
0.05
0.08

Reference category
-0.04
0.06
0.13
0.05
-0.09***

0.06
0.06
0.07
0.05
0.02

-0.03
0.07
0.14*
0.04
-0.09***

0.06
0.06
0.07
0.05
0.02

-0.02
0.08
0.15*
0.04
-0.08***

0.06
0.06
0.07
0.04
0.03

Reference category
0.09*

0.05

0.09

0.05

0.09

0.05

0.03
0.09

0.07
0.07

0.03
0.10

0.07
0.07

Reference category

0.04**

0.01

σ2

σ2

σ2

0.013

0.013

0.008
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0.187
Residual
0.186
0.186
Fit indices
729.5
AIC
730.10
726.20
691.5
-2 Log likelihood
688.10
680.20
With
Model
0
Model Comparison
With Model 1
With Model 2
72.2(16)***
Chi-square (df)
3.4(2)
7.9(2)*
2
R
With Model 0
With Model 0
With Model 0
2
Congregational level R
0.25
0.25
0.54
2
Individual level R
0.11
0.12
0.12
Note. *p<0.05; **p<0.01; ***p<0.001
σ2 – variance; AIC – Akaike information criterion
†Income categories and their USD equivalent: Less than RM1000 =USD257, RM10012999=USD257-771, RM3000-4999=USD771-1285, and RM5000 and above=USD1285
and above
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Table 15. Multilevel linear regression of dietary habits on demographics, private
religious activities and congregational conservativeness.
Variables
Fixed effect
Intercept
individual level
Age
Gender
Male
Female
Ethnicity
Chinese
Indian
Indigenous
Others
Marital status
Unmarried
Currently married
Previously married
Education
Secondary school or less
Diploma
Bachelor's degree
Graduate degree
Income†
Less than RM1000
RM1001-2999
RM3000-4999
Above RM5000
Employment (Yes)
Age of baptism
Born in Adventist family
No
Yes
Private religious activities
Once or less than once
per week
More than once per week
Congregational level
Conservativeness
Random effect
Congregation

Model 1
β
SE

Model 2
β
SE

Model 3
β
SE

2.51***

0.08

2.47***

0.08

2.20***

0.13

0.11***

0.03

0.11***

0.03

0.11***

0.03

0.13***

0.04

0.13***

0.04

-0.09
0.08
-0.08

0.08
0.06
0.07

-0.08
0.12*
-0.06

0.07
0.06
0.07

-0.02
0.06

0.06
0.09

-0.01
0.08

0.06
0.09

0.08
0.10*
0.10

0.05
0.05
0.08

0.10
0.11***
0.11

0.05
0.05
0.08

Reference category
0.13***

0.04

Reference category
-0.10
0.08
-0.08

0.08
0.06
0.07

Reference category
-0.02
0.06

0.06
0.09

Reference category
0.08
0.10*
0.11

0.05
0.05
0.08

Reference category
-0.04
0.06
0.13
0.05
-0.09***

0.06
0.06
0.07
0.05
0.02

-0.04
0.06
0.12
0.05
-0.09***

0.06
0.06
0.07
0.05
0.02

-0.03
0.07
0.14*
0.05
-0.09***

0.06
0.06
0.07
0.05
0.02

Reference category
0.09*

0.05

0.09*

0.05

0.09*

0.05

0.05

0.05

0.05

0.05

Reference category

0.04**
σ2
0.013
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0.01

σ2

σ2

0.012

0.008

0.187
Residual
0.187
0.187
Fit indices
729.5
AIC
730.00
726.80
691.5
-2 Log likelihood
690.00
682.80
With
Model
0
Model Comparison
With Model 1
With Model 2
72.2(16)***
Chi-square (df)
1.5(2)
7.2(2)*
2
R
With Model 0
With Model 0
With Model 0
2
Congregational level R
0.25
0.29
0.54
2
Individual level R
0.11
0.11
0.11
Note. *p<0.05; **p<0.01; ***p<0.001
σ2 – variance; AIC – Akaike information criterion
†Income categories and their USD equivalent: Less than RM1000 =USD257, RM10012999=USD257-771, RM3000-4999=USD771-1285, and RM5000 and above=USD1285
and above
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Table 16. Multilevel linear regression of dietary habits on demographics, intrinsic
religiosity and congregational conservativeness.
Variables
Intercept
individual level
Age
Gender
Male
Female
Fixed effect
Ethnicity
Chinese
Indian
Indigenous
Others
Marital status
Unmarried
Currently married
Previously married
Education
Secondary school or
less
Diploma
Bachelor’s degree
Graduate degree
Income
Less than RM1000
RM1001-2999
RM3000-4999
Above RM5000
Employment (Yes)
Age of baptism
Born in Adventist family
No
Yes
Intrinsic religiosity
Congregational level
Conservativeness
Random effect
Congregation
Residual

Model 1
β
SE

Model 2
β
SE

Model 3
β
SE

2.51***

0.08

1.91***

0.20

1.65***

0.22

0.11***

0.03

0.10**

0.03

0.10**

0.03

Reference category
0.13***
0.04

0.13**

0.04

0.12**

0.04

Reference category
-0.10
0.08
0.08
0.06
-0.08
0.07

-0.09
0.06
-0.09

0.08
0.06
0.07

-0.08
0.10
-0.06

0.07
0.06
0.07

Reference category
-0.02
0.06
0.06
0.09

-0.02
0.07

0.06
0.09

-0.01
0.09

0.06
0.09

Reference category
0.08
0.05
0.10*
0.05
0.11
0.08

0.08
0.10**
0.10

0.05
0.05
0.08

0.10
0.11*
0.10

0.05
0.05
0.08

0.06
0.06
0.07
0.04
0.02

-0.03
0.07
0.14*
0.05
-0.08***

0.06
0.06
0.07
0.04
0.02

0.05
0.01

0.10**
0.04***

0.05
0.01

Reference category
-0.04
0.06
-0.04
0.06
0.06
0.07
0.13
0.07
0.13
0.05
0.05
0.05
-0.09***
0.02 -0.09***
Reference category
0.09*
0.05

0.10**
0.04***

0.04*
σ2
0.013
0.187
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0.01

σ2

σ2

0.013
0.183

0.009
0.183

Fit indices
729.5
AIC
719.60
716.80
691.5
-2 Log likelihood
679.60
672.80
With
Model
0
Model Comparison
With Model 1
With Model 2
72.2(16)***
Chi-square (df)
11.9(2)**
6.8(2)*
2
R
With Model 0
With Model 0
With Model 0
2
Congregational level R
0.25
0.25
0.48
2
Individual level R
0.11
0.13
0.13
Note. *p<0.05; **p<0.01; ***p<0.001
σ2 – variance; SD – standard deviation; AIC – Akaike information criterion
†Income categories and their USD equivalent: Less than RM1000 =USD257, RM10012999=USD257-771, RM3000-4999=USD771-1285, and RM5000 and above=USD1285
and above

173

Table 17. Multilevel linear regression of dietary habits on demographics, Sabbathkeeping and congregational conservativeness.
Variables
Fixed effect
Intercept
individual level
Age
Gender
Male
Female
Ethnicity
Chinese
Indian
Indigenous
Others
Marital status
Unmarried
Currently married
Previously married
Education
Secondary school or less
Diploma
Bachelor's degree
Graduate degree
Income
Less than RM1000
RM1001-2999
RM3000-4999
Above RM5000
Employment (Yes)
Age of baptism
Born in Adventist family
No
Yes
Sabbath-keeping
Congregational level
Conservativeness
Random effect
Congregation
Residual
Fit indices
AIC

Model 1
β
SE

Model 8
β
SE

Model 9
β
SE

2.51***

0.08

2.17***

0.13

1.94***

0.16

0.11***

0.03

0.10***

0.03

0.10***

0.03

0.12***

0.04

0.12*

0.04

-0.12
0.08
-0.07

0.08
0.06
0.07

-0.11
0.12*
-0.05

0.07
0.06
0.07

-0.01
0.07

0.06
0.09

0.00
0.08

0.06
0.09

0.10
0.11*
0.10

0.05
0.05
0.08

0.11*
0.11*
0.10

0.05
0.05
0.08

Reference category
0.13***

0.04

Reference category
-0.10
0.08
-0.08

0.08
0.06
0.07

Reference category
-0.02
0.06

0.06
0.09

Reference category
0.08
0.10*
0.11

0.05
0.05
0.08

Reference category
-0.04
0.06
0.13
0.05
-0.09***

0.06
0.06
0.07
0.05
0.02

-0.03
0.07
0.13*
0.04
-0.08***

0.05
0.06
0.07
0.05
0.02

-0.02
0.08
0.14*
0.04
-0.08**

0.05
0.06
0.07
0.04
0.02

0.09*
0.02**

0.05
0.01

0.09*
0.02**

0.05
0.01

Reference category
0.09*

0.05

0.03*

0.01

σ2

σ2

σ2

0.013
0.187

0.011
0.184

0.007
0.184

729.5

720.70

718.50
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691.5
-2 Log likelihood
680.70
674.50
With
Model
0
Model Comparison
With Model 1
With Model 8
72.2(16)***
Chi-square (df)
10.8(2)**
6.2(2)*
2
R
With Model 0
With Model 1
With Model 8
2
Congregational level R
0.25
0.36
0.60
2
Individual level R
0.11
0.13
0.13
Note. *p<0.05; **p<0.01; ***p<0.001
σ2 – variance; AIC – Akaike information criterion
†Income categories and their USD equivalent: Less than RM1000 =USD257, RM10012999=USD257-771, RM3000-4999=USD771-1285, and RM5000 and above=USD1285
and above
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7.1.3. Multilevel Logistic Regression
Multilevel logistic regression was used to examine how individual religiosity and
congregational characteristics were associated with individual vegetarian status, a
dichotomous variable. To determine how much of the variance individual
vegetarian status, the intra-class correlation was calculated using the following
formula:
𝐼𝐶𝐶 =

𝜎𝑢20
2
(𝜎𝑢20 + 𝜋 ⁄3)

where ICC is the intra-class correlation, and 𝜎𝑢20 is the congregational-level
variance.

About 28% of the variance in vegetarian status can be explained by congregational
level. Tables 8-11 summarize the three multilevel modelling results of individual
and congregational variables on vegetarian status for each religious variable.
Model 1 includes individual level demographic variables only. It shows that being
currently married and educational level were positively associated with vegetarian
status in all four sets of models.

In Model 2, individual religious variables were added. Religious attendance,
intrinsic religiosity and Sabbath-keeping were positively and significantly
associated with vegetarian status. In Model 3, congregational conservativeness,
was added. Congregational conservativeness was positively and significantly
associated with vegetarian status in models that included religious attendance and
private

religious

activities.

However,
176

the

addition

of

congregational

conservativeness in Models 3 did not improve the fit indexes over and above the
addition of the individual religious variables in Model 2 in all four sets of models.
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Table 18. Multilevel logistic regression of vegetarian status on demographics, religious attendance and congregational
conservativeness.
Variables
Fixed effect
Intercept
individual level
Age
Gender
Male
Female
Ethnicity
Chinese
Indian
Indigenous
Others
Marital status
Unmarried
Currently married
Previously married
Education
Income
Occupation
Employed
Unemployed
Age of baptism

β
-2.89

SE
0.64

Model 1
OR(95% CI)
0.06(0.02, 0.20)***

0.02

0.19

1.02(0.70, 1.48)

-0.05

0.20

0.95(0.65, 1.41)

-0.05

0.20

0.95(0.65, 1.40)

Reference category
-0.15 0.27
0.86(0.50, 1,46)

-0.05

0.28

0.95(0.55, 1.64)

-0.06

0.28

0.94(0.55, 1.62)

Reference category
0.06 0.53
1.06(0.37 ,3.03)
-0.81 0.49
0.44(0.17, 1.15)
0.58 0.45
1.79(0.74, 4.35)

-0.03
-0.77
0.55

0.55
0.50
0.47

0.97(0.33, 2.88)
0.46(0.17, 1.24)
1.74(0.69, 4.35)

0.02
-0.58
0.64

0.55
0.50
0.47

1.02(0.35, 2.98)
0.56(0.21, 1.48)
1.90(0.76, 4.75)

Reference category
0.84 0.42
2.31(1.01, 5.28)*
0.85 0.64
2.33(0.66, 8.24)
0.38 0.15
1.46(1.09, 1.96)**
-0.21 0.16
0.81(0.60, 1.11)

0.89
0.87
0.35
-0.19

0.44
0.65
0.15
0.16

2.44(1.03, 5.75)*
2.39(0.67, 8.55)
1.41(1.05, 1.90)*
0.83(0.60 1.14)

0.89
0.91
0.35
-0.18

0.44
0.65
0.15
0.16

2.44(1.04, 5.76)*
2.49(0.70, 8.89)
1.41(1.05, 1.90)*
0.84(0.60, 1.15)

Reference category
0.29 0.30
1.33(0.75, 2.39)
-0.21 0.16
0.81(0.59, 1.11)

0.20
-0.15

0.31
0.16

1.22(0.67, 2.23)
0.86(0.63, 1.19)

0.20
-0.12

0.30
0.16

1.22(0.67, 2.22)
0.89(0.64, 1.22)

β
-4.88
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SE
0.91

Model 2
OR(95% CI)
0.0076(0.0013, 0.045)***

β
-6.51

Model 3
SE
OR(95% CI)
1.29
0.0015(0, 0.019)***

Born in Adventist family
No
Reference category
Yes
0.56 0.32
1.75(0.93, 3.30)
Religious attendance
Congregational level
Conservativeness
Random effect
σ2
Congregation
1.23
Fit indices
AIC
484.4
-2 Log likelihood
456.4
Model Comparison
With Model 0
Chi-square(df)
25.9(12)*
Note. *p<0.05; **p<0.01; ***p<0.001
σ2 – variance; AIC – Akaike information criterion

0.50
0.83

0.33
0.24

1.66(0.87, 3.16)
2.29(1.43,3.68)***

σ2
1.39
473.0
442.7
With Model 1
13.7(1)***
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0.50
0.83

0.33
0.24

1.65(0.86, 3.16)
2.30(1.44, 3.69)***

0.26

0.12

1.30(1.02, 1.66)*
σ2
1.05

474.8
438.8
With Model 2
3.9(2)

Table 19. Multilevel logistic regression of vegetarian status on demographics, private religious activities and congregational
conservativeness.
Variables
Fixed effect
Intercept
individual level
Age
Gender
Male
Female
Ethnicity
Chinese
Indian
Indigenous
Others
Marital status
Unmarried
Currently married
Previously married
Education
Income
Occupation
Employed
Unemployed
Age of baptism

Model 1
β
SE
OR(95% CI)
-2.89 0.64 0.06(0.02, 0.20)***

β
-3.79

SE
0.93

Model 2
OR(95% CI)
0.023(0.0037, 0.14)***

0.02

1.02(0.70, 1.48)

0.00

0.19

1.00(0.68, 1.45)

0.00

Reference category
-0.15 0.27
0.86(0.50, 1,46)

-0.14

0.27

0.87(0.51, 1.49)

-0.15 0.27

0.86(0.51, 1.47)***

Reference category
0.06 0.53
1.06(0.37 ,3.03)
-0.81 0.49
0.44(0.17, 1.15)
0.58 0.45
1.79(0.74, 4.35)

0.05
-0.81
0.53

0.54
0.49
0.46

1.05(0.37, 2.99)
0.44(0.17, 1.16)
1.70(0.70, 4.15)

0.10 0.53
-0.63 0.49
0.63 0.46

1.10(0.39, 3.13)
0.53(0.20, 1.40)
1.87(0.77, 4.58)

Reference category
0.84 0.42
2.31(1.01, 5.28)*
0.85 0.64
2.33(0.66, 8.24)
0.38 0.15 1.46(1.09, 1.96)**
-0.21 0.16
0.81(0.60, 1.11)

0.85
0.85
0.36
-0.22

0.42
0.65
0.15
0.16

2.33(1.02, 5.35)*
2.35(0.66, 8.34)
1.43(1.07, 1.92)*
0.80(0.59, 1.09)

0.85
0.90
0.37
-0.21

0.42
0.64
0.15
0.16

2.35(1.03, 5.37)*
2.45(0.69, 8.68)
1.44(1.07, 1.93)*
0.81(0.70, 1.10)

Reference category
0.29 0.30
1.33(0.75, 2.39)
-0.21 0.16
0.81(0.59, 1.11)

0.26
-0.20

0.30
0.16

1.29(0.72, 2.32)
0.82(0.60, 1.12)

0.26 0.30
-0.17 0.16

1.29(0.72, 2.31)
0.84(0.61, 1.15)

0.19
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Model 3
β
SE
OR(95% CI)
-5.19 1.23
0.0056(0, 0.062)
0.19

1.00(0.69, 1.45)

Born in Adventist family
No
Reference category
Yes
0.56 0.32
1.75(0.93, 3.30)
Private religious activities
Congregational level
Conservativeness
Random effect
σ2
Congregation
1.16
Fit indices
AIC
484.4
-2 Log likelihood
456.4
Model Comparison
With Model 0
Chi-square(df)
25.9(12)*
Note. *p<0.05; **p<0.01; ***p<0.001
σ2 – variance; AIC – Akaike information criterion

0.57
0.55

0.33
0.38

1.77(0.93, 3.35)
1.73(0.82, 3.66)

σ2
1.16
484.0
454.0
With Model 1
2.5(1)
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0.57
0.53

0.33
0.38

1.76(0.93, 3.35)
1.69(0.80, 3.57)

0.24

0.12

1.27(1.00, 1.59)*
σ2
0.90

484.2
450.2
With Model 2
3.8(2)

Table 20. Multilevel logistic regression of vegetarian status on demographics, intrinsic religiosity and congregational
conservativeness.
Variables
Fixed effect
Intercept
individual level
Age
Gender
Male
Female
Ethnicity
Chinese
Indian
Indigenous
Others
Marital status
Unmarried
Currently married
Previously married
Education
Income
Occupation
Employed
Unemployed
Age of baptism

β
-2.89

Model 1
SE
OR(95% CI)
0.64 0.06(0.02, 0.20)***

β
-7.69

Model 2
SE
OR(95% CI)
1.91 0.00046(0, 0.019)***

β
-9.05

Model 3
SE
OR(95% CI)
2.07 0.00012(0, 0.0069)***

0.02

0.19

1.02(0.70, 1.48)

-0.07

0.19

0.93(0.64, 1.36)

-0.07

0.19

0.93(0.64, 1.36)

Reference category
-0.15 0.27
0.86(0.50, 1,46)

-0.15

0.27

0.86(0.51, 1.47)

-0.16

0.27

0.85(0.50, 1.46)

Reference category
0.06 0.53
1.06(0.37 ,3.03)
-0.81 0.49
0.44(0.17, 1.15)
0.58 0.45
1.79(0.74, 4.35)

0.10
-0.94
0.56

0.54
0.49
0.46

1.10(0.38, 3.18)
0.39(0.15, 1.03)
1.75(0.72, 4.28)

0.14
-0.75
0.65

0.54
0.49
0.46

1.15(0.40, 3.28)
0.47(0.18, 1.24)
1.92(0.79, 4.70)

Reference category
0.84 0.42
2.31(1.01, 5.28)*
0.85 0.64
2.33(0.66, 8.24)
0.38 0.15 1.46(1.09, 1.96)**
-0.21 0.16
0.81(0.60, 1.11)

0.79
0.87
0.37
-0.21

0.42
0.65
0.15
0.16

2.21(0.97, 5.03)*
2.38(0.66, 8.57)
1.45(1.07, 1.95)*
0.81(0.60, 1.11)

0.80
0.90
0.37
-0.20

0.42
0.66
0.15
0.16

2.22(0.98, 5.06)*
2.46(0.68, 8.89)
1.45(1.07, 1.95)*
0.82(0.60, 1.12)

Reference category
0.29 0.30
1.33(0.75, 2.39)
-0.21 0.16
0.81(0.59, 1.11)

0.26
-0.20

0.30
0.16

1.29(0.72, 2.32)
0.82(0.59, 1.12)

0.26
-0.17

0.30
0.16

1.30(0.72, 2.32)
0.84(0.61, 1.16)
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Born in Adventist family
No
Reference category
Yes
0.56 0.32
1.75(0.93, 3.30)
Intrinsic religiosity
Congregational level
Conservativeness
Random effect
σ2
Congregation
1.23
Fit indices
AIC
484.4
-2 Log likelihood
456.4
Model Comparison
With Model 0
Chi-square(df)
25.9(12)*
Note. *p<0.05; **p<0.01; ***p<0.001
σ2 – variance; AIC – Akaike information criterion

0.62
0.34

0.33
0.13

1.85(0.96, 3.57)
1.41(1.10, 1.80)**

σ2
1.19
475.9
445.9
With Model 1
10.5(1)**
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0.61
0.33

0.34
0.12

1.85(0.95, 3.58)
1.39(1.09, 1.78)**

0.23

0.12

1.26(0.99, 1.59)
Var
0.95

476.4
442.4
With Model 2
3.5(2)

Table 21. Multilevel logistic regression of vegetarian status on demographics, Sabbath-keeping and congregational
conservativeness.
Variables
Fixed effect
Intercept
individual level
Age
Gender
Male
Female
Ethnicity
Chinese
Indian
Indigenous
Others
Marital status
Unmarried
Currently married
Previously married
Education
Income
Occupation
Employed
Unemployed
Age of baptism

β
-2.89

Model 1
SE
OR(95% CI)
0.64 0.06(0.02, 0.20)***

SE
1.71

Model 2
OR(95% CI)
0.00031(0, 0.0086)***

β
-9.19

SE
1.85

Model 3
OR(95% CI)
0.00010(0, 0.0039)***

β
-8.09

0.02

0.19

1.02(0.70, 1.48)

-0.12

0.19

0.89(0.61, 1.30)

-0.11

0.19

0.89(0.61, 1.30)

Reference category
-0.15 0.27
0.86(0.50, 1,46)

-0.26

0.28

0.77(0.45, 1.33)

-0.27

0.28

0.76(0.44, 1.31)

Reference category
0.06 0.53
1.06(0.37 ,3.03)
-0.81 0.49
0.44(0.17, 1.15)
0.58 0.45
1.79(0.74, 4.35)

-0.23
-0.74
0.67

0.55
0.48
0.45

0.79(0.27, 2.30)
0.48(0.18, 1.23)
1.96(0.80, 4.76)

-0.20
-0.59
0.74

0.54
0.49
0.45

0.82(0.28, 2.36)
0.56(0.21, 1.44)
2.09(0.86, 5.09)***

Reference category
0.84 0.42
2.31(1.01, 5.28)*
0.85 0.64
2.33(0.66, 8.24)
0.38 0.15
1.46(1.09, 1.96)**
-0.21 0.16
0.81(0.60, 1.11)

0.84
0.87
0.36
-0.22

0.43
0.65
0.15
0.16

2.31(1.01, 5.32)
2.38(0.67, 8.51)
1.43(1.07, 1.91)*
0.81*0.59, 1.09)

0.84
0.90
0.36
-0.21

0.43
0.65
0.15
0.16

2.31(1.00, 5.31)*
2.46(0.69, 8.73)
1.43(1.07, 1.92)*
0.81(0.60, 1.10)

Reference category
0.29 0.30
1.33(0.75, 2.39)
-0.21 0.16
0.81(0.59, 1.11)

0.10
-0.12

0.30
0.17

1.11*0.62, 2.00)
0.89(0.64, 1.23)

0.11
-0.09

0.30
0.17

1.12(0.62, 2.01)
0.91(0.66, 1.26)
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Born in Adventist family
No
Reference category
Yes
0.56 0.32
1.75(0.93, 3.30)
Sabbath-keeping
Congregational level
Conservativeness
Random effect
σ2
Congregation
1.23
Fit indices
AIC
484.4
-2 Log likelihood
456.4
Model Comparison
With Model 0
Chi-square(df)
25.9(12)*
*p<0.05; **p<0.01; ***p<0.001
σ2 – variance; AIC – Akaike information criterion

0.55
0.25

0.33
0.07

1.74(0.91, 3.34)
1.29(1.12, 1.49)***

σ2
1.00
464.8
434.8
With Model 1
21.7(1)***
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0.54
0.25

0.33
0.07

1.72(0.89, 3.32)
1.28(1.11, 1.48)***

0.20

0.11

1.22(0.97, 1.53)
σ2
0.80
465.9
431.9
With Model 2
2.8(2)

7.2. Discussions
7.2.1. Dietary Habits
There has been considerable research showing the effects of neighbourhoods on
health (Cummins et al., 2005; Parkes & Kearns, 2006; Stafford & Marmot, 2003),
and a small amount of research looking at religious congregations as
“neighbourhoods” that affect social values (Houston & Todd, 2013; Todd & Allen,
2011) There has been, however, no research looking at the effect of congregations
on

health

outcomes.

The

current

study

showed

that

congregational

conservativeness was significantly associated with individual dietary habits above
and beyond any association with individual characteristics.

At the individual level, the current study showed that age, sex (being female),
level of education, and greater personal religiosity were all positively associated
with better dietary habit score. This was consistent with previous studies which
showed that females have healthier food choice than males (Baker & Wardle,
2003; Wardle et al., 2004). Older females also consumed more fruit and vegetable
(Liu et al., 2000). People who were more educated also had healthier diet
(Johansson et al., 1999; Murakami et al., 2009; Shimakawa et al., 1994). A higher
level of religiosity is associated with regular breakfast (Wallace & Forman, 1998)
and lower soft drinks consumption (Pitel et al., 2012) among adolescents,
healthful nutrition (Chliaoutakis et al., 2002; Homan, 2010; Reid & Smalls, 2004),
healthy food choices and eating patterns (Rew et al., 2007).
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At the congregational level, greater congregational conservativeness was positively
associated with better individual dietary habit scores. Given the data, we can only
speculate about the nature of the relationship between congregational
conservativeness and individual dietary habit. One possible reason that an
individual attending a more conservative church is more likely to practice healthy
eating than an equivalent individual attending a less conservative church relates
to the intensity of exposure to health related messages. Given the doctrinal
centrality of health and diet to SDA teachings, more conservative church might
have more health-related sermons and seminars, and more health literature being
distributed, and displayed within the church. This would be consistent with one
recent study which found that higher perceived church support for healthy eating
through spoken and written information within the church was positively
associated with higher fruit and vegetable intake and low-fat dietary consumption
(Baruth et al., 2011). What is clear, however, is that there is an effect above and
beyond the individual congregants’ religiosity.

The conservativeness of a congregation, one might imagine, would be influenced
by the conservativeness of the faith leader of the congregation. Presuming
doctrinally more conservative SDA pastors are more likely to adhere to the central
teaching around healthy diet and healthy behaviour this could also influence the
entire congregation. This would be consistent with a study by Bopp & Fallon
(2011), when they found that congregations with faith leaders’ who were more
physically active and consumed more fruit and vegetables also tended to engage in
more health and wellness activities (Bopp & Fallon, 2011).
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In addition, there may be effects of social conformity on dietary choices (Mollen et
al., 2013). Aggregating individual choices may create a norm within the
congregation towards more or less healthy diets. Within doctrinally conservative
congregations this would have the effect of creating a social support structure to
practice healthy eating. Religion also predicts conformity for a number of social
norms (Welch et al., 2006), and the less adherent individual attending a more
conservative congregation might feel the social pressure to conform to the diet of
other members of the congregation. In addition, a more conservative
congregation might be more explicit regarding its doctrinal teaching about diet
and thus providing clear guidelines for the congregation to follow. One study, for
instance, found that a higher cohesion within a congregation resulted in more
formal and more explicit rules are positively associated with higher fruit and
vegetable intake and lower fat intake (Hart et al., 2007).

7.2.2. Fruit and Vegetable Intake
For fruit and vegetable intake, there was no significant congregational clustering.
As discussed in the paper in Chapter 5, the reason for the non-significant effect
could be that the teaching of fruit and vegetable is so common among the
Adventist churches that congregational characteristics have no influence on this
variable. Adventist churches generally emphasize high intake of fruit and
vegetable, as evidenced by studies which showed that Adventists tend to consume
more fruit and vegetable compared with the other Christians and the general
population (Rouse et al., 1983). The results from Chapter 4 also show that the
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mean fruit and vegetable consumption of the Adventists in West Malaysia was
substantially higher than the Malaysian average.

7.2.3. Vegetarian Status
It is interesting to note that while conservativeness is a significant predictor of
vegetarian status in models that included religious attendance and private
religious activities, the models themselves (Models 3) were not significantly better
than the models not containing level-2 explanatory variables. An immediate
response may simply be to discard the variable because its addition did not add to
the fit, nonetheless, it is worth retaining, at the very least as a reminder to future
researchers that this effect may need further consideration. About 28% of the
variance in vegetarian status can be explained by congregational level; rather than
congregational

conservativeness,

there

might

be

other

congregational

characteristics that play a role in vegetarian status and were not accounted for in
this study. Future research should consider other congregational variables.
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CHAPTER 8: HEALTH BEHAVIOURS AS MEDIATORS
Having established that individual religiosity is positively associated with dietary
habits and vegetarian status and that congregational conservativeness predicts
individual dietary habits above and beyond individual religiosity, it is possible that
health behaviours may mediate the relationship between religiosity and health
outcomes. Thus, this chapter examines the research question “Do alcohol
consumption, dietary habits and exercise mediate the relationship between
individual religiosity and health outcomes among the Seventh-day Adventist in
West Malaysia?” To answer this research question, path analysis was conducted to
determine whether health behaviours (alcohol consumption, dietary habit and
exercise) mediate the relationship between individual religiosity (religious
attendance, private religious activities, intrinsic religiosity, and Sabbath-keeping)
and health outcomes (systolic and diastolic blood pressure, blood glucose level,
body mass index and waist circumference). The first section presents a summary
of the health screening results and results of path analysis. The second section
discusses the results of the path analysis.

7.1. Results
One hundred people participated in the health screening, where their height,
weight, blood pressure, blood glucose level, and waist and hip circumferences
were measured. The mean age of the participants was 34.6 years. None of the
participants were taking medication for hypertension and diabetes. Table 10
summarised the results of the health screening. T-tests were conducted to
determine whether there was gender difference in blood pressure and blood
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glucose level. Males had significantly higher systolic blood pressure and blood
glucose level than the females. Two of the participants had systolic blood pressure
higher than 120 and diastolic blood pressure higher than 90. None of the
participants had blood glucose level more than 11mmol/l, which is the cut-off
point for hyperglycaemia (American Diabetes Association, 2006).

Table 22. Summary of health screening results (N=100).
Male

Female

(n=54)

(n=46)

1.6±9.08

1.7±6.65

1.6±6.35

Weight (kg)

70.0±6.31

81.2±8.39

56.0±11.48

BMI (kg/m2)

23.8±4.30

24.6±4.16

23.0±4.36

Variables

All

Height (m)

Underweight (BMI<18.5)

11.0%

7.4%

15.2%

Normal (BMI=18.5-22.9)

43.0%

27.8%

41.3%

Pre-Obese (BMI=23-27.5)

31.0%

50.0%

26.1%

Obese (BMI>27.5)

15.0%

14.8%

17.4%

Overweight (BMI>23)

Systolic blood pressure (mmHg)***

121.0±13.89

126.3±12.44

114.8±12.98

Diastolic blood pressure (mmHg)

72.4±8.82

72.8±7.4

71.9±10.3

Blood glucose level (mmol/l)***

7.7±9.51

6.7±1.32

8.8±13.94

82.0±11.99

87.1±9.27

75.7±12.0

33.0%

33.3%

32.6%

Hip circumference (cm)

93.9±9.48

93.4±9.15

94.5±9.94

Waist-to-hip ratio

0.87±0.097

0.93±0.065

0.90±0.076

Waist circumference (cm)
Abdominal obesity

Note. Significant differences by gender: ***p<0.001

Males had significantly lower self-reported hip circumference than the females.
However, there was no significant difference by gender in hip circumference.
Overall, the prevalence of abdominal obesity calculated from the measured waist
circumference (overall=33.0%, males=33.3%, females=32.6%, Table 22) was higher
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compared

to

that

calculated

from

self-reported

waist

circumference

(overall=23.2%, males=15.9%, females=29.0%). The difference was two-fold in the
abdominal obesity among males. Similarly, the prevalence of pre-obesity among
males calculated from measured height and weight (50.0%) was about one-third
higher than that calculated from self-reported height and weight (34.8%). This
might be due to the fact that males under reported their waist circumference
(mean

self-reported

waist

circumference=80.3cm,

mean

measured

waist

circumference=87.1cm) and weight. The abdominal obesity from measured waist
circumference among males was comparable to the Malaysian population (38.2%).
The overall abdominal obesity and female abdominal obesity were still lower than
the Malaysian population (overall=48.6%, females=60.2%).

Pearson product-moment coefficients were calculated for correlations between
religious, health behaviour (except alcohol consumption in the past 30 days) and
health outcomes variables. Alcohol consumption in the past 30 days is a
dichotomous variable and point-biserial correlation coefficients were calculated
for correlation between alcohol consumption and other variables. The
correlational analysis showed that religious variables were not significantly
correlated with any of the health behaviours and health outcomes, except private
religious activities and alcohol consumption in the past 30 days, which were
negatively correlated; while systolic and diastolic blood pressures, and blood
glucose level were positively correlated with waist circumference (see Table 22).
Systolic blood pressure was positively correlated with diastolic blood pressure and
body mass index (see Table 22).
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Table 23. Correlations among religious, health behavioural, and health outcome variables.
RA
1.00

PRA
0.26*
1.00

IR
0.06
0.30**
1.00

Alco†
-0.15
-0.32*
-0.32
1.00

DH
0.03
0.03
0.08
-0.15
1.00

Ex
0.00
0.13
-0.05
0.12
0.07
1.00

SBP
-0.17
0.06
-0.09
0.0053
0.02
0.06
1.00

DBP
-0.11
0.06
-0.12
0.032
0.17
-0.11
0.53***
1.00

Glu
-0.03
0.04
0.08
-0.070
-0.05
-0.13
0.11
0.07
1.00

BMI
0.14
-0.01
-0.18
0.25
-0.14
-0.06
0.22*
0.14
0.14
1.00

Waist
0.10
0.08
-0.16
0.17
-0.17
-0.14
0.42***
0.21*
0.21*
0.78
1.00

RA
PRA
IR
Alco†
DH
Exe
SBP
DBP
Glu
BMI
Waist
†
Point-biserial correlation. The others are Pearson correlations.
RA=religious attendance; PRA=private religious activities; IR=intrinsic religiosity; Alco=alcohol consumption
in the past 30 days; DH=dietary habits; Ex=exercise; SBP=systolic blood pressure; DBP=diastolic blood
pressure; Glu=blood glucose level; BMI=body mass index; Waist=waist circumference
*p<0.05; **p<0.01; ***p<0.001
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Twenty path analyses were conducted for this study. None of the health
behaviours significantly mediated the relationship between religiosity and health
outcomes, except alcohol consumption on Sabbath-keeping and blood glucose
level (Figure 5), and alcohol consumption on Sabbath-keeping and body mass
index (Figure 6), and diet on Sabbath-keeping and body mass index. Sabbathkeeping was negatively associated with alcohol consumption in both path
analyses, which in turn was negatively associated with blood glucose level and
positively associated with BMI. The other eighteen path diagrams are available in
Appendix N.

Figure 5. Effects of Sabbath-keeping on blood glucose level.
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Figure 6. Effects of Sabbath-keeping on body mass index.

Tables 24 and 25 summarises the indirect, direct and total effects of the four
religious variables on systolic blood pressure, diastolic blood pressure, blood
glucose level, body mass index and waist circumference as determined by the 20
path analyses. Indirect effect is the sum of all the indirect effects of religiosity and
health outcome through the mediators. None of the indirect effects were
significant. Overall, the direct effects on systolic and diastolic blood pressure,
blood glucose level, body mass index and waist circumference were larger than the
indirect effects.
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Table 24. Summary of indirect, direct and total effects of religiosity on systolic blood pressure and diastolic blood pressure.
Religious variables
Religious attendance
Private religious activities
Intrinsic religiosity
Sabbath-keeping
*p<0.05; **p<0.01; ***p<0.001

Effects on SBP
Indirect
Direct
Total
0.10
-6.10**
-6.00**
0.40
-1.63
-1.24
-0.02
-0.88
-0.90
0.12
-0.44
-0.32

Effects on DBP
Indirect
Direct
0.12
-0.44
-2.00
5.91***
-0.08
-0.51
0.023
-0.47*

Total
-0.32
3.92
-0.59
-0.45*

Table 25. Summary of indirect, direct and total effects of religiosity on blood glucose level, body mass index and waist
circumference.
Religious variables
Religious attendance
Private religious activities
Intrinsic religiosity
Sabbath-keeping
***p<0.001

Effects on BGL
Indirect
Direct
Total
0.10
-0.82
-0.72
0.18
0.34
0.52
0.14
0.27
0.41
0.24
-1.16***
-0.92***

Effects on BMI
Indirect
Direct
-0.18
0.67
-0.90
0.40
-0.13
-0.41
-0.15
0.16
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Total
0.49
-0.50
-0.54
0.01

Effects on WC
Indirect
Direct
-0.24
0.95
-1.73
3.32
-0.16
-0.62
-0.20
0.002

Total
0.71
1.59
-0.78
-0.20

For systolic blood pressure, all the total effects were negative. Religious
attendance had the strongest negative total effect (unstandardized point
estimate=-6.00) on systolic blood pressure compared with the other three
religious variables and was the only one significant. For diastolic blood pressure,
all the total and direct effects of religious variables were negative, except private
religious activities, which also had the strongest significant and positive direct
effect (unstandardized point estimate=5.91). However, the total effect of private
religious activities was not significant. Sabbath-keeping had small but significant
negative directs and total effects on diastolic blood pressure and blood glucose
level. None of the religious variables had significant direct and total effects on
body mass index and waist circumference.

7.2. Discussions
The results of the path analyses showed that alcohol consumption, dietary habits
and exercise did not mediate the relationship between individual religiosity and
blood pressure, blood glucose level, body mass index and waist circumference,
and overall the direct effects of religiosity on the health outcomes were stronger
than the indirect effects through health behaviours. In other words, instead of
acting through health behaviours, religiosity directly influences health outcomes.
The results also showed that different dimensions of religiosity influence health
outcomes differently.
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A few previous studies have shown similar direct influence of religiosity on health
instead of through mediators such as health-promoting behaviours. For example,
in a study that investigated the relationship between religiosity and blood
pressure among men, while there was no difference in blood pressure between
non-smokers of high and low religious importance groups, smokers who consider
religion important in their lives had significantly lower systolic and diastolic blood
pressure compared with smokers who consider religion unimportant, before and
after adjusting for covariates (Meihan & Chung-Ngok, 2011).

In the current study, religious attendance had significant and strong total effects
(-6.00) on systolic blood pressure; i.e. the higher the attendance, the lower the
systolic blood pressure. This is consistent with previous studies on religious
attendance and blood pressure (Can et al., 2008; Gillum & Ingram, 2006; Levin &
Vanderpool, 1989). One of the causes of hypertension is stress (Kuster & Fong,
1993). Attending religious functions regularly enables positive religious coping and
the social support a congregant receives could help to reduce stress, which in turn
reduces blood pressure (Walker et al., 1987). In a study that examined composite
religiosity score, a higher religiosity is associated with lower salivary cortisol,
which is an objective indicator of lower stress responses to stressful task (Peltzer
et al., 2013).

A study of Adventists in North American found that the relationship between
Sabbath-keeping and self-reported physical and mental health was mediated by
health behaviours (exercise and diet) (Supervill et al., 2013). However, in this
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study, health behaviours did not mediate the relationship between Sabbathkeeping and diastolic blood pressure and blood glucose level. It is unknown why
the results are different even though in both studies the samples were Adventists.
It could be that the North American study examined general physical and mental
health while in the current study specific health outcomes were measured. In
addition, the North American study is extensive and included more than 90,000
Adventists while the current study is small.

Interestingly, private religious activities had a significant positive direct effect on
diastolic blood pressure, i.e. the more one conducted private religious activities,
the higher was his/her diastolic blood pressure. This contradicts previous studies
(Walker et al., 1988). Since the current study was cross sectional, no causality
could be implied. It could be that people who had high diastolic blood pressure
pray more or read the Bible more because of his/her sickness rather than high
diastolic blood pressure being caused by higher frequency of private religious
activities.

In the current study, Sabbath-keeping had a significant negative total and direct
effect on blood glucose level. In diabetic patients, a higher religiosity is associated
with better glycaemic control (Koenig, Parkerson Jr, et al., 1997). Religion might
influence glycaemic control through psychosocial pathways. A study that
examines psychosocial factors of glycaemic control among diabetic patients found
that type II diabetic patients with better self-controlled style of coping had better
glycaemic control (Koenig, Hays, et al., 1997). People with higher religiosity might
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have better self-control due to doctrinal teaching. Diabetic patients experiencing
high stress but better social support had lower level of glycosylated haemoglobin
(Haley et al., 2001). People who attend religious functions regularly might have
better social support and thus better glycaemic control. However, it is unknown
whether the negative association between religion and blood glucose level could
also be found among the non-diabetic person, which were the case in the current
study. The negative association could be a Sabbath effect. Psychological stress is
associated with higher blood glucose level (Wing et al., 1985); since the blood
glucose level of the participants were measured on Sabbath after religious service,
the participants might be more relaxed than other days.

Most of the coefficients of religiosity and diet mediator were very small and all
were insignificant. This contradicted the previous section, where in the multiple
regressions it was found that religiosity was positively associated with dietary
habit. The main reason could be that the sample size for this analysis was small;
only 100 of the 574 participants participated in the health screening. The 100
participants might be different from the rest of the sample. Another reason could
be that this was a convenience sample; congregations participated in health
screening voluntarily and those that refused to participate might have different
congregants.
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CHAPTER 9: CONCLUSIONS
This chapter summarizes the main findings of this study and discusses the
implications of the findings. Limitations and recommendations for future research
are included.

8.1. Summary of Main Findings
Religiosity was positively associated with dietary habits and vegetarian status at
individual level. However, congregational conservativeness was associated only
with dietary habits above and beyond individual factors. None of the religious
variable was associated with fruit and vegetable intake at individual and
congregational level. Social gradient remained in the dietary habits of the
participants; a higher level of education was positively and significantly associated
with dietary habits. Health behaviours did not mediate the relationship between
religiosity and health outcomes; the direct effect of religiosity on health outcomes
was more important than the indirect effect.

8.2. Strengths of the Study
The strength of this study was the use of single-denomination, which removed the
need to control for denominational differences (Lee et al., 2009). The results of
the study showed that even within a health conscious denomination, religiosity
still play a role in the adoption of a healthy diet.

Another strength of the study was that one of the dietary measures was a scale
that measures dietary habits. Diet is “the kinds of food that a person… habitually
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eats” ("Diet," 2015), and the dietary habit scale examined diet more holistically; it
measured nine dimensions of a diet and not just intake of certain food groups.
Compared with the fruit and vegetable intake and vegetarian status, the positive
association between the religiosity and dietary habit scale was more informative
and comprehensive.

8.3. Limitations
Research

and

Recommendations

for

Future

Some limitations should be noted in this study. First is related to measurements.
This study included only four dimensions of religiosity, which is a multidimensional construct. Other important religiosity measures, such as religious
coping and religious support, were not included in this study. The Duke
University Religion Index (DUREL), which was used to measure religious
attendance, private religious activities and intrinsic religiosity in this study, is not
an in-depth measure of religiosity (Koenig & Bussing, 2010). The intrinsic
religiosity subscale of the DUREL had low Cronbach’s alpha in this study (α=0.60).
In addition, a simple measure of congregational conservativeness was used; the
local church pastors were asked to rate the congregational conservativeness based
on the ten-point scale.

Second, this study included three dimensions of diet, none of which was a detailed
record of dietary intake. Dietary record, the “golden standard” in dietary research
where the respondents record all food and beverage consumed within a period
(Thompson & Byers, 1994), was not used in this study.
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Third, the study is cross-sectional and no causal association could be indicated.
While it is more likely that religiosity precedes better dietary habit and
vegetarianism rather than vice versa, it is possible that Adventists who practice
healthy lifestyle are more likely to be drawn to attend church more and are more
religious, rather than religion per se that have a positive influence on lifestyle. In
addition, some other variables may be affecting this relationship too.

Fourth, the responses to questionnaires were self-reported and might be affected
by recall or social desirability biases. The latter bias may reflect the apparent
congregational effect, rather than a truly healthier diet. That is, members of more
conservative congregations may be more likely to report diets that are more
doctrinally consistent.

Fifth, even though there is official statistics about the membership of Adventists
in West Malaysia, the record has not been updated regularly and the exact
number of Adventists in West Malaysia is unknown. Efforts have been made to
recruit as many Adventists in West Malaysia as possible. However, those who
refused to or did not participate might have different characteristics than those
who participated.

Sixth, about 18% of the participants answered the online questionnaire, which was
promoted in social media, phone applications and emails. This might be the
reason of the young average age of the participants, since the younger generation
is savvier in technology. The elderly Adventists who were illiterate, bed-ridden or
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have poor eyesight did not participate in the survey. Since most Adventists of this
study were recruited through pastors/elders during worship service, those who did
not attend worship during that particular week when questionnaires were
administered were left out from the study and they might have different
characteristics from those who participated. Effort had been made to recruit the
inactive Adventists who rarely or no longer attend worship services through
online survey. However, it is unknown how many were missed out.

Finally, the current study included only one denomination in Malaysia, and the
results should not be generalised to other denominations where diet was not so
centrally important. Nonetheless, the results do point to the potential role of
religious communities in health promotion, particularly where the health
promotion message and the doctrinal message are consonant.

While not strictly a limitation, it should be remembered that, Malays, the major
ethnic group in Malaysia which makes up about 60% of the population, were not
included in the study. Malays are necessarily Muslim, and not permitted to be
Adventists. They have a different diet from the other ethnic groups in Malaysia
and the results are unlikely to generalize in any way to them.

Taking into considerations of the limitations of the current study, future research
should include other dimensions of religiosity such as religious coping and
religious support and use better dietary measures to shed more light on the
relationship between religiosity and diet. The congregational conservativeness
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measure could also benefit from additional refinement. Longitudinal studies
following individuals prior to formal conversion to the Adventist church may
elucidate the relationship better. Similar single-denominational studies conducted
on other religions or Christian denomination, especially those that have specific
dietary guidelines such as Mormonism and Islam, might also help in
understanding the relationship between religiosity and diet.

8.4. Implications of the Findings
Despite its limitations, the current study showed a connection between individual
religiosity, congregational conservativeness and diet. Even among a healthconscious Christian group, religiosity is still significantly associated with diet. This
study has several implications for public health, especially in the promotion of
healthy eating.

Religious communities are one of the very few places where people from different
socioeconomic status and ethnic and cultural background gather regularly, thus
religious communities present an ideal channel to conduct health promotion
activities (Koenig, 2008b), especially in communities where there is a lack of
access or resources for non-religious health promotion programmes. Compared
with hospitals and other clinical settings, religious congregations present a nonthreatening and supportive environment for health promotion (Saharyildizi,
2006). The results of the current study show that religious congregations could be
a potential channel to promote health, especially among those who are difficult to
reach due to lack of health education and poor access to health care.
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Religion is experienced differently in different groups of people: Africans in the
U.S tend to be more religiously active than Whites (Taylor et al., 1996); females
are more religious than males (Loewenthal et al., 2002); and older people are
generally more religious than young people (Hout et al., 2013). In addition,
religion might influence health and health behaviours differently in different
ethnic groups. For example, overall African Americans have poorer health than
the Whites (Donahue, 1985), however, African Americans who are more religious
have better health than African Americans who are less religious, and this
correlation is not as strong as in Whites (Drevenstedt, 1998; Ferraro & Koch, 1994;
Krause, 2002). Given the central role of religion in the lives of Blacks Americans,
many faith-based health promotion projects have been conducted successfully in
African churches in increasing fruit and vegetable intake (Campbell et al., 1999),
producing clinically significant weight loss (McNabb et al., 1997), and improving
cardiovascular diseases risk profiles among African Americans (Yanek et al., 2001),
who have relatively poorer health and health outcomes.

The type of health promotion programmes could be tailored to fit the teaching of
the church. For example, while many studies have shown that religiosity is
positively associated with increased fruit and vegetable intake, the current study
showed that it was not so in Adventists. Most other Christian denominations do
not teach about health as much as the Adventists. For Adventist churches or other
churches that have health-related doctrines, health promotion programs could be
more specific while for denominations that do not have health-related doctrines,
health promotion program should be more general.
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In Christian churches pastors are seen as trusted, respected and credible leaders,
and have significant influence on the types of health-related activities being
offered in their churches (Baruth et al., 2015; Bopp et al., 2013). In fact, the
effectiveness of faith-based health promotion programmes is moderated by faith
leaders (Peterson et al., 2002) and pastors should be included as active
participants

in

faith-based

health

promotion

programmes.

Pastors

are

significantly involved in offering faith-based health counselling, however, they
may lack self-efficacy (Fallon et al., 2013). To address this issue, theological
seminary should provide training on health counselling. Another way to promote
health within a religious community is through improving the health of faith
leaders. Research has shown that congregations with faith leaders’ who were more
physically active and consumed more fruit and vegetables also tended to engage in
more health and wellness activities (Bopp & Fallon, 2011).

Socioeconomic status (SES) has been shown to be significantly associated with
health, and social gradient that exists in many health outcomes and health
behaviours remains an important challenge in health promotion. In the current
study, the sub-studies that examined individual and congregational characteristics
and diet showed that religion could be a potential channel to promote health and
to overcome social gradient in health and health behaviours. However, the results
from the social gradient and dietary habits sub-study showed that social gradient
still existed even in the dietary habits of Adventists, a group of health-conscious
Christians.
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The social gradient might be due to the differences in exposure to health-related
messages. In a study that examined area deprivation and exposure to health
promotion materials on HPV vaccination, it was found that schools located in the
least deprived area had significantly higher odds of requesting health promotion
materials than those located in the most deprived area, and there was also a
significant trend where decreasing deprivation was significantly associated with
more requests of health promotion materials (Chivu & Reidpath, 2010). In other
words, there was a social gradient in the exposure to health promotion materials.
Initially it was assumed that since the Adventists are similarly exposed to healthy
living due to Bible study and church-related health activities. However, this might
not be the case. Those who are more educated might be more exposed to health
messages because of the church they are attending. It is likely that people attend
churches that are nearest to their homes. Since a higher level of education is
associated with higher income (Martins & Pereira, 2004), it is possible that those
who are more educated tend to live in affluent areas and attend more affluent
churches, which have more financial resources to conduct health activities. Rather
than being a place where people from all walks of life gather together, as
mentioned earlier in this section, a church might be a place where people of a
status flock together. The implication for public health is that when religious
institutions are considered for health promoting programmes, the SES of the
members and areas where the religious institutions are located should be taken
into account too. To improve exposure to health promotional materials, churches
or other religious institutions located at deprived areas should be targeted for
more health promotional activities. Perhaps the best way to reach out to the most
210

disadvantaged is through the religious institutions that are located at the
disadvantaged area.

Christian denominations generally have weekly religious services and other
religious gathering during the weekdays. As a result, members of a Christian
denomination tend to have more social interactions. Even in mega churches,
many members belong attend cell groups, where those who live in a certain area
gather together regularly during weekdays. In addition, Christian churches tend to
keep a membership record of when and how a person joins the church. Since the
sample of this study was a group of Christians, the results of this study might
apply more to other Christians or religions that meet weekly or regularly, have
close relationship among the members, and keep membership record. The results
might not be applicable to religions that do not keep membership record and do
not have regular meeting, such as Buddhism and Hinduism, and also in religions
where certain groups of people are excluded from the regular meeting, such as
Islam in Malaysia, where females are not required to attend the weekly Friday
worship.

In conclusion, the findings of this study provide a significant opportunity for
health professionals to improve health promotion program by accommodating
and understanding participants’ religious beliefs. While it is impossible to
manipulate a person’s religiosity and unethical to “prescribe” religious
intervention or activities, he or she could be encouraged to participate in more
public and private religious activities.
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A. List of Adventist Congregations in West Malaysia
1. Alor Setar SDA Company
2. Bagan Datoh SDA Indian Church
3. Banting SDA Indian Church*
4. Bukit Jelutong SDA Indian Company*
5. Damansara Adventist Hope Centre*
6. Farlim SDA Church
7. Ipoh SDA Chinese Church
8. Ipoh SDA English Church
9. Johor Bahru SDA BM Church
10. Johor Bahru SDA English Church
11. Johor Bahru SDA Indian Church
12. Klang SDA BM Company*
13. Klang SDA Indian Company*
14. Klebang SDA Indian Church
15. Kluang SDA Group
16. Kota Bharu SDA Chinese Church
17. Kota Masai SDA Group
18. Kuala Lumpur SDA Chinese Church*
19. Kuala Lumpur SDA English Church*
20. Kuala Selangor SDA Indian Group*
21. Kuantan SDA Chinese Company
22. Kulai SDA Chinese Church
23. Kulim SDA Group
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24. Kulim SDA Indian Company
25. Megah Ria SDA Company
26. Melaka SDA Church
27. Muar SDA Church
28. Nibong Tebal SDA Indian Company
29. Pandamaran SDA BM Group*
30. Penang Adventist Hospital Church
31. Penang SDA Chinese Church
32. Penang SDA English Church
33. Penang SDA Indian Church
34. Petaling Jaya SDA Chinese Church*
35. Petaling Jaya SDA English Church*
36. Pontian SDA Chinese Church
37. Puchong SDA Chinese Company*
38. Puchong SDA Indian Group*
39. Seremban SDA Church*
40. Shah Alam SDA Indian Church*
41. Skudai SDA Chinese Church
42. Setiawan Indian Group
43. Sungai Petani SDA Group
44. Sungai Way SDA Indian Church*
45. Taiping SDA Church
46. Tampin SDA Group
47. Teluk Intan SDA Indian Church
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48. The Lighthouse Company
49. Ulu Tiram SDA Group
50. USJ SDA Church*
51. Utama Beacon Group*

*Located within 100km from Monash University Sunway Campus and where
community health screening
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F. Questionnaire for Pastors/ Elders
Congregational Conservativeness
On a scale of 1 to 10, please rate your church’s conservativeness:
Very liberal
1
2

3

4

5

6
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Very conservative
8
9
10
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I. Explanatory Statement for Health Screening
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J. Informed Consent Form for Health Screening
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K. Principal Components Analysis Results
Since there were a total of nine items from the religious variables, a nine-factor
PCA was conducted. A scree plot was obtained (see Figure 9) and it shows that
three of the nine components have Eigen value more than 1 and explained most of
the variability.
Figure 7. Scree plot of religious variables.

Rotation is “a variety of methods to further analyse initial PCA results” to make
“the pattern of loadings clearer, or more pronounced” (Brown, 2009) so that the
results are more interpretable. Rotated principal components are not principal
components but merely components (Revelle, 2015). There are two types of
rotation: orthogonal, and oblique. Orthogonal rotation forces the components to
be uncorrelated while oblique rotation permits correlations among components
(Richman, 1986). To decide on the type of rotation, oblique rotation was first
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conducted; if the correlations among the components are less than 0.32,
orthogonal rotation would be used subsequently (Tabachnick & Fidell, 2013). A
three-factor PCA with direct oblimin rotation, a type of oblique rotation, was
conducted. The resulting correlation matrix of the components is shown in Table
26.
Table 26. Correlation matrix for the three components in the PCA with oblimin
rotation.

Component 1

Component 1

Component 2

Component 3

1.00

-0.16

-0.24

1.00

0.23

Component 2
Component 3

1.00

None of the correlations exceed 0.32, thus an orthogonal rotation was used
subsequently. A three-factor PCA with varimax rotation, the most popular
orthogonal rotation (Abdi, 2003), was conducted and the resulting loadings are
shown in Table 3 (only loadings exceeding 0.30 are displayed).
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Table 27. Standardized loadings of varimax rotated PCA of religious variables.
h2

u2

com

0.81

0.66

0.34

1.0

Secular Activities on Sabbath #2

0.78

0.63

0.37

1.1

Secular Activities on Sabbath #4

0.77

0.60

0.40

1.0

Secular Activities on Sabbath #3

0.74

0.57

0.43

1.1

Item

C1

Secular Activities on Sabbath #1

C2

C3

Intrinsic Religiosity #1

0.77

0.59

0.41

1.0

Intrinsic Religiosity #2

0.76

0.59

0.41

1.1

Intrinsic Religiosity #3

0.65

0.47

0.53

1.2

0.87

0.78

0.22

1.1

0.76

0.69

0.31

1.4

Religious Attendance
Private Religious Activities

0.32

C = components loadings from the pattern matrix; h2 = communality estimate of each
item; u2 = the uniqueness; com = Hoffman’s index of complexity of each item

The Sabbath-keeping items and intrinsic religiosity items clustered among
themselves closely, indicating that they are two distinctive scales. Religious
attendance and private religious activities, both single-item, clustered with each
other. However, in this study, these two subscales were kept separated rather
being summed into one scale based on the recommendation of their authors (see
section 3.4.3.1-3
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L. Multiple Regression Models for Individual Religiosity
and Diet
L.1. Multiple Linear Regression Models
The bivariate models for dietary habits and the other three religious variables are
specified below:
DH = β0 + β1(Private religious activities) + ε
DH = β0 + β1(Intrinsic Religiosity ) + ε
DH = β0 + β1(Religious Attendance) + ε
where DH denotes dietary habit, β0 is the intercept, β1 is regression coefficient,
and ε is the error term.

The bivariate models for fruit and vegetable intake are specified below:
FV = β0 + β1(Private religious activities) + ε
FV = β0 + β1(Intrinsic Religiosity ) + ε
FV = β0 + β1(Religious Attendance) + ε
where FV denotes fruit and vegetable intake, β0 is the intercept, β1 is regression
coefficient and ε is the error term.

In the multivariate models, the covariates (age, gender, ethnicity, marital status,
employment status, income, level of education, age of conversion/baptism, and
whether they are born into an Adventist family) were entered to determine
whether there was a significant relationship between the religious variables and
the dietary variables. The models for dietary habits are specified below:
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DH = β0

+

β1(Age) + β2(Gender) + β3(Ethnicity) + β4(Marital Status) +

β5(Employment) + β6(Income) + β7(Education) + β8(Age of Baptism) +
β9(Born in Adventist Family) + β10(Private Religious Activities) + ε
DH = β0

+

β1(Age) + β2(Gender) + β3(Ethnicity) + β4(Marital Status) +

β5(Employment) + β6(Income) + β7(Education) + β8(Age of Baptism) +
β9(Born in Adventist Family) + β10(Intrinsic Religiosity) + ε
DH = β0

+

β1(Age) + β2(Gender) + β3(Ethnicity) + β4(Marital Status) +

β5(Employment) + β6(Income) + β7(Education) + β8(Age of Baptism) +
β9(Born in Adventist Family) + β10(Sabbath Keeping) + ε
where DH denotes dietary habit, β0

is the intercept, β1-β10 are regression

coefficient, and ε is the error term.

The model for fruit and vegetable intake are specified below:
FV = β0

+

β1(Age) + β2(Gender) + β3(Ethnicity) + β4(Marital Status) +

β5(Employment) + β6(Income) + β7(Education) + β8(Age of Baptism) +
β9(Born in Adventist Family) + β10(Private Religious Activities) + ε
FV = β0

+

β1(Age) + β2(Gender) + β3(Ethnicity) + β4(Marital Status) +

β5(Employment) + β6(Income) + β7(Education) + β8(Age of Baptism) +
β9(Born in Adventist Family) + β10(Intrinsic Religiosity) + ε
FV = β0

+

β1(Age) + β2(Gender) + β3(Ethnicity) + β4(Marital Status) +

β5(Employment) + β6(Income) + β7(Education) + β8(Age of Baptism) +
β9(Born in Adventist Family) + β10(Sabbath Keeping) + ε
where FV denotes dietary habit, β0

is the intercept, β1-β10 are regression

coefficients, and ε is the error term.
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L.2. Multiple Logistic Regression
The bivariate models for vegetarian status and the other three religious variables
are specified below models are specified below:
𝑃(𝑉𝑒𝑔𝑒𝑡𝑎𝑟𝑖𝑎𝑛) =
𝑃(𝑉𝑒𝑔𝑒𝑡𝑎𝑟𝑖𝑎𝑛) =
𝑃(𝑉𝑒𝑔𝑒𝑡𝑎𝑟𝑖𝑎𝑛) =

1
1 + 𝑒 −(𝛽0+𝛽1 (𝑃𝑟𝑖𝑣𝑎𝑡𝑒 𝑅𝑒𝑙𝑖𝑔𝑖𝑜𝑢𝑠 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑖𝑒𝑠))
1
1+

𝑒 −(𝛽0+𝛽1 (𝐼𝑛𝑡𝑟𝑖𝑛𝑠𝑖𝑐 𝑅𝑒𝑙𝑖𝑔𝑖𝑜𝑠𝑖𝑡𝑦))
1

1 + 𝑒 −(𝛽0+𝛽1 (𝑆𝑎𝑏𝑏𝑎𝑡ℎ 𝐾𝑒𝑒𝑝𝑖𝑛𝑔))

where P(Vegetarian) denotes the probability of being vegetarian, β0

is the

intercept, and β1 is regression coefficient.

In the multivariate models, the covariates (age, gender, ethnicity, marital status,
employment status, income, level of education, age of conversion/baptism, and
whether they are born into an Adventist family) were entered to determine
whether there was a significant relationship between the religious variables and
vegetarian status. The models are specified below:
𝑃(𝑉𝑒𝑔𝑒𝑡𝑎𝑟𝑖𝑎𝑛)
=

1
1 + 𝑒 −(𝛽0 +β1(A)+β2(G) + β3(E) + β4(MS) + β5(E) + β6(In) + β7(Edu) + β8 (AB) + β9 (AF) +

β10 (𝑅𝐴))

𝑃(𝑉𝑒𝑔𝑒𝑡𝑎𝑟𝑖𝑎𝑛)
=

1
1 + 𝑒 −(𝛽0+β1 (A)+β2 (G)+ β3(E)+ β4 (MS)+ β5 (E)+ β6(In)+ β7 (Edu)+ β8(AB)+ β9(AF)+

β10 (𝑃𝑅𝐴))

𝑃(𝑉𝑒𝑔𝑒𝑡𝑎𝑟𝑖𝑎𝑛)
=

1
1+

𝑒 −(𝛽0 +β1(A)+β2(G) + β3(E) + β4(MS) + β5(E) + β6(In) + β7 (Edu) + β8(AB) + β9 (AF) + β10(𝐼𝑅))
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𝑃(𝑉𝑒𝑔𝑒𝑡𝑎𝑟𝑖𝑎𝑛)
=

1
1+

𝑒 −(𝛽0 +β1(A)+β2(G) + β3(E) + β4(MS) + β5(E) + β6(In) + β7(Edu) + β8 (AB) + β9 (AF) + β10(𝑆𝐾))

where P(Vegetarian) denotes the probability of being vegetarian, β0

is the

intercept, and β1-β10 are regression coefficients, A=age, G=gender, E=ethnicity,
MS=marital status, In=income, Edu=education, AB=age of baptism, AF=born in
Adventist family, PRA=private religious activities, IR=intrinsic religiosity,
SK=Sabbath keeping.
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M. Multilevel Rregression Models
M.1. Multilevel Linear Regressions
Models 2. Models 2 built on model 1 and added individual religious variables. The
models are specified as below:
Dietij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + β10(Private Religious Activities)ij + u0j + rij
Dietij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + β10(Intrinsic Religiosity)ij + u0j + rij
Dietij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + β10(Sabbath-Keeping)ij + u0j + rij

Models 3. Models 3 built on model 2 and included congregational size and
conservativeness. The models are specified below:
Dietij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist

Family)ij

+

β10(Private

Religious

Activities)ij

+

β11(Congregational Conservativeness)ij + β12(Congregational Size)ij + u0j + rij
Dietij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + β10(Intrinsic Religiosity)ij + β11(Congregational
Conservativeness)ij + β12(Congregational Size)ij + u0j + rij
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Dietij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + β10(Sabbath-Keeping)ij + β11(Congregational
Conservativeness)ij + β12(Congregational Size)ij + u0j + rij

M.2. Multilevel Logistic Regressions
Models 2. Models 2 built on model 1 and added individual religious variables. In
this section, only models including religious attendance are provided. Models
including other religious variables are found in Appendix *. The model is specified
as below:
Vegij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + β10(Religious Attendance)ij + u0j
Vegij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + β10(Private Religious Activities)ij + u0j
Vegij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + β10(Intrinsic Religiosity)ij + u0j
Vegij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + β10(Sabbath-Keeping)ij + u0j
Models 3. Model 3 built on model 2 and included congregational size and
conservativeness. The models are specified below:
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Vegij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist

Family)ij

+

β10(Private

Religious

Activities)ij

+

β11(Congregational Conservativeness)ij + β12(Congregational Size)ij + u0j
Vegij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + β10(Intrinsic Religiosity)ij + β11(Congregational
Conservativeness)ij + β12(Congregational Size)ij + u0j
Vegij = γ00 + β1(Age)ij + β2(Gender)ij + β3(Ethnicity)ij + β4(Marital Status)ij +
β5(Employment)ij + β6(Income)ij + β7(Education)ij + β8(Age of Baptism)ij +
β9(Adventist Family)ij + β10(Sabbath-Keeping)ij + β11(Congregational
Conservativeness)ij + β12(Congregational Size)ij + u0j
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N. Path Diagrams
Figure 8. Effects of religious attendance on systolic blood pressure.
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Figure 9. Effects of private religious activities on systolic blood pressure.
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Figure 10. Effects of intrinsic religiosity on systolic blood pressure.
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Figure 11. Effects of Sabbath-keeping on systolic blood pressure.
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Figure 12. Effects of religious attendance on diastolic blood pressure.
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Figure 13. Effects of private religious activities on diastolic blood pressure.
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Figure 14. Effects of intrinsic religiosity on diastolic blood pressure.
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Figure 15. Effects of Sabbath-keeping on diastolic blood pressure.

287

Figure 16. Effects of religious attendance on blood glucose level.
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Figure 17. Effects of private religious activities on blood glucose level.
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Figure 18. Effects of intrinsic religiosity on blood glucose level.
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Figure 19. Effects of religious attendance on BMI.
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Figure 20. Effects of private religious activities on BMI.
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Figure 21. Effects of intrinsic religiosity on BMI.
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Figure 22. Effects of religious attendance on waist circumference.
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Figure 23. Effects of private religious activities on waist circumference.
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Figure 24. Effects of intrinsic religiosity on waist circumference.
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Figure 25. Effects of Sabbath-keeping on waist circumference.
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Abstract
Neighbourhood characteristics have an effect on the health above and beyond the
effect of the individual characteristics of those living in the neighbourhood.
Neighbourhood might affect the health of its residents by influencing the
adoption and maintenance of health behaviours. Religion is a community activity
and religious congregation could be considered a community of faith and similar
to neighbourhoods. Thus, the characteristics of a religious congregation might
influence the health behaviour and health of the congregants. The purpose of this
study was to examine whether congregational size and religious conservativeness
would be significantly associated with the quality of members’ diets even after
taking account of their demographics and individual levels of religiosity. Data
from survey of 574 Seventh-Day Adventists of 41 congregations in West Malaysia
were analysed using multilevel linear regression. Congregational conservativeness
predicted individual dietary habit above and beyond individual characteristics; a
higher congregational conservativeness was positively associated with better
individual dietary habit scores. Congregational size was not significantly
associated with dietary habit. Individuals from more conservative congregations
had better dietary habit; they might be exposed more to health promotion
activities and receive more social support to practice healthy eating. They might
feel the social pressure to conform to a healthier diet. All the Adventist
congregations in West Malaysia are small and the effect of congregational size
might not be sufficiently strong to influence the dietary habit of the congregants.
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The finding supports the role of religious congregations as a potential channel to
promote health by encouraging the congregants to adopt a healthy diet.
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Introduction
It is well established that Seventh-Day Adventists (SDAs) in the United States live
healthier life styles and enjoy healthier diets than non-SDA (Fraser & Shavlik,
2001; Phillips et al., 1980). Members of the church tend to consume diets richer in
fruit and vegetables, and the majority are exclusively vegetarian (Alexander et al.,
1999; Kent & Worsley, 2009; Kuczmarski et al., 1994; Sabate et al., 1990). The
increased consumption of fruit and vegetables does not simply express a food
preference. It is an article of faith among this group of Christians that one should
maintain a healthy diet; and members of the Church are encouraged towards
vegetarianism. As a consequence of the healthier lifestyle and diet, SDAs also have
a greater life expectancy than non-SDAs, with lower rates of cancers and
cardiovascular diseases (Phillips et al., 1980)
A recent cross-sectional study of SDAs in West Malaysia, the first study of
SDA dietary practice outside North America and Europe, found an association
between religiosity and diet (Tan et al., 2016). That is, there was a significant
relationship between individual levels of religiosity and better dietary habits as
well as higher rates of vegetarianism.
One aspect of the relationship between religiosity and dietary practice that
has not been examined before is whether it is individual levels of faith that are
associated with dietary practice or whether there are effects that operate at the
level of the community of faith, that is, the congregation, above and beyond
individual religiosity.
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In the social epidemiology literature there are many examples of
community or neighbourhood level factors associated with health behaviours and
health outcomes (Ellison, 1991; Helm et al., 2000; H. G. Koenig et al., 1998).
Neighbourhood is “generally defined as a specific geographic area and functionally
as a set of social networks where face-to-face social interaction occur” (Hunter &
Riger, 1986; Schuck & Rosenbaum, 2000). A number of studies have shown that
neighbourhood characteristics have an effect on the physical and mental health of
the people living in the neighbourhood beyond the characteristics of the
individuals within the neighbourhood (Diehr et al., 1993b; Diez Roux & Mair, 2010;
Pickett & Pearl, 2001). There is a strong association, for instance, between
neighbourhood level poverty and mortality (Anderson et al., 1997; Haan et al.,
1987) and exposure to neighbourhood violence is significantly associated with
reported distress symptoms among children (Martinez & Richters, 1993).
Neighbourhood might affect the health of its residents by influencing the
adoption and maintenance of health behaviours (Diehr et al., 1993a). People living
in more deprived areas are more likely to smoke daily and less likely to exercise
(Sundquist et al., 1999). In neighbourhoods with resources for physical activity,
there is a higher prevalence of physical activity and a lower risk of obesity (Papas
et al., 2007). Neighbourhood characteristics are also associated with the diet of its
residents. In communities where there are more fast food restaurants the
residents have poorer diet (Moore et al., 2009). In contrast, an increased
availability of and access to supermarkets is associated with a healthier diet and a
lower risk of obesity among the residents (Larson et al., 2009). Higher perceived
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neighborhood disorder is also associated with poorer self-rated overall diet quality
(Burdette & Hill, 2008) and poor dietary quality in children (Keita et al., 2011).
Religion, in addition to being an individual practice, is also a community
activity, where the adherents gather together regularly at a specific geographic
location and interact with each other face-to-face. Thus, a religious congregation
could be considered a community of faith and similar to neighbourhoods in so far
as different congregations within the same Church may vary in characteristics
such as size and religious conservatism.
In the religious studies literature there are a number of multilevel studies
that simultaneously took account of individual characteristics such as religiosity
and the factors operating at the level of the community of faith or congregation,
notably in the area of social justice (Houston & Todd, 2013; Todd & Allen, 2011). To
our knowledge, however, no study has looked at the multilevel relationship
between individual and congregational factors and health-related outcomes. We
hypothesised that in a multilevel analysis of Adventist church members,
congregational factors such as the size of the congregation and the religious
conservativeness of the congregation would be significantly associated with the
quality of members’ diets even after taking account of individual church members’
levels of religiosity.

322

Methods
The participants of this study were baptized Seventh-Day Adventists who were
above 18 years old and were residing in West Malaysia recruited through the
pastors of the congregations. The participants filled in a questionnaire that
contained items about religiosity and socio-demographics whereas the pastors
filled in a questionnaire that contained items about congregational characteristics.
See Tan et al. (2016) for additional details of the study.

Measures Outcome
Dietary habit was measured by using the Nutrition subscale of Health Promotion
Lifestyle Profile II (HPLPII). The Nutrition subscale contains nine items that
assess various aspects of dietary habit such as choosing a low-fat, low-salt and
low-sugar diet, regular consumption of fruit and vegetable, eating breakfast etc.
The items are scored on a 4-point response scale (never, sometimes, often,
routinely), and a higher score indicates a higher frequency. A total score for the
subscale was obtained by calculating the mean of the responses to the nine items
(Walker et al., 1995). The internal consistency of the scale in the present study was
0.71.

Individual Characteristics
The participants were asked about their age, gender, ethnicity, marital status,
employment status, income, level of education, age of conversion/baptism, and
whether they were born into an Adventist family. Age and age of
conversion/baptism were measured in years and centered through grand-mean
centering. Employment status has five categories: employed, unemployed, retired,
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homemaker and student. For statistical analysis, the last four categories
(unemployed, retired, homemaker and student) were combined as one category
(unemployed). Monthly household income of the participants was categorized as
less than RM1000 (USD257), RM1001-2999 (USD257-771), RM3000-4999 (USD7711285), and RM5000 (USD1285) and above. Highest education level of participants
was categorized as secondary school or less, diploma (a higher education
qualification just below a bachelor’s degree), and bachelor’s degree or above. t-test
and chi-square were conducted to determine whether there is gender differences
in the demographic and religious variables.
Intrinsic religiosity was measured using the three-item intrinsic religiosity
subscale from the Duke University Religion Index (H. Koenig & Bussing, 2010). It
is scored on a 6-point response from Definitely true of me to Definitely not true.
The scores were reversed coded so that a higher score indicates a higher intrinsic
religiosity. The internal consistency (Cronbach’s alpha) of the scale in the present
study was 0.60. This is discussed further in study limitations.
The Adventist Church encourages its members to keep the Sabbath by not
engaging in secular activities during the Sabbath (from Friday sunset to Saturday
sunset). Sabbath keeping was measured using the Secular Activities on Sabbath
subscale, one of the subscales of the Sabbath-Keeping Scale (Lee et al., 2006,
April). The Secular Activities on Sabbath measures how much a participant
engages in secular activities such as shopping, reading secular magazines,
attending secular concert or watching movie, and watching or listening to news
programs. It is scored on a 6-point response scale from every Sabbath to never.
The scores of this subscale were reversed coded so that a higher score represent
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better Sabbath keeping. The internal consistency of the scale in this study was
0.80.

Congregational Characteristics
The pastor of each congregation was asked about the average attendance of the
congregation during the previous quarter and the conservativeness of their
congregations, which was measured on a 10-point scale, where a higher score
indicated greater conservativeness.

Analysis
Multilevel modeling was used to examine how individual religiosity and
congregational characteristics were associated with individual dietary habits while
controlling for individual demographics. Four nested models were developed. The
null model, Model 0, was used to establish whether there was a significant
congregational clustering of dietary habits. Models 1 and 2 examined individual
(level 1) variables, while Model 3 added congregational (level 2) variables. In
Model 1, the relationship between dietary habit and demographic were examined.
Model 2 added two religiosity variables, intrinsic religiosity and Sabbath-Keeping
and Model 3 added congregational conservativeness and size. The models were
fitted using maximum likelihood estimation. Fit indices (AIC, and -2 log
likelihood) and intra-class correlation coefficients were computed. To compare
models, chi-square tests of -2 log likelihood were conducted. The data were
analyzed with nlme package in the R statistical environment (Pinheiro et al.; R
Core Team, 2015).
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About 10% of the cases included some missing data. Multiple imputation
was conducted to overcome this. Multiple imputation is a statistical technique to
impute incomplete data and has been shown to reduce bias and increase efficiency
compared to listwise deletion (Honaker et al., 2011). Unlike some other procedures
for handling missing data, multiple imputation does not assume that the data are
completely missing at random (Tabachnick & Fidell, 2013). Five imputed datasets
were obtained and each dataset was analyzed separately and their results were
pooled according to Rubin’s rule (Rubin, 2004).

Results
Five hundred and seventy-four questionnaires from 41 Adventist congregations in
West Malaysia were available for analysis. Table 1 is a summary of the
demographics of the participants. The average age of the sample was 34.6 years,
while the average age of baptism (joining the Seventh-Day Adventist Church) was
19.4 years. About half of the participants were Chinese, and a quarter were
indigenous Malaysians. About 44 percent of the participants were male and about
62 percent of the sample had completed tertiary education, and 40 percent were
currently married. Sixty per cent of the participants were employed. About 45
percent of them were born and raised by parent(s) who are Seventh-Day
Adventists. There were no significant differences between males and females,
except dietary habits and Sabbath-keeping, where females scored higher than the
males.
[TABLE 1 ABOUT HERE]
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Pastors

from

41

congregations

returned

the

questionnaires

on

congregational characteristics. Four of the 41 congregations had only one
participant. However, they were still included in the multilevel analysis because
“they can still provide partial information that allows estimation of the coefficients
and variance parameters of the individual- and group-level regressions” (Gelman
& Hill, 2006, p. 275). The average congregational size is 62 regular attendees. The
largest congregation had about 200 regular attendees while the smallest
congregation had about 15 regular attendees. The average congregational
conservativeness rating by local pastors was 6.2.
To determine how much of the variance in dietary habits can be explained
at the congregational level, the intra-class correlation (ICC) was computed from
the variance components of the null model, i.e. the model containing no
independent variables. About 7.6 percent of the variance in dietary habits can be
explained by congregational level. Table 2 summarizes the three multilevel
modeling results of individual and congregational variables on dietary habits.
Model 1 includes individual level demographic variables only. Only a few of these
were significantly associated with dietary habit. Model 1 shows that age, being a
female, having a Bachelor’s degree and being born in an Adventist family were
positively associated with dietary habits score, while age of baptism is negatively
associated with dietary habit.
In Model 2, individual religious variables were added. Both intrinsic
religiosity and Sabbath keeping were positively and significantly associated with
dietary habit. In Model 3, two congregational variables, size of congregation and
congregational

conservativeness,

were
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added.

Only

congregational

conservativeness was positively and significantly associated with dietary habit.
The addition of the congregational variables in Model 3 improved the fit indexes
over and above the addition of the individual religious variables in Model 2. All
the previously significant demographic variables remained significant in Models 2
and 3, with the addition of significant positive association between having a
diploma and having a household income of more than RM5000 per month and
dietary habits in Model 3.
[TABLE 2 ABOUT HERE]
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Discussions
There has been considerable research showing the effects of neighborhoods on
health (Cummins et al., 2005; Parkes & Kearns, 2006; Stafford & Marmot, 2003),
and a small amount of research looking at religious congregations as
“neighborhoods” that affect social values (Houston & Todd, 2013; Todd & Allen,
2011) There has, until now, however been no research looking at the effect of
congregations on health outcomes. The current study showed that congregational
characteristics were significantly associated with individual dietary habits above
and beyond any association with individual characteristics.
At the individual level, the current study showed that age, sex (being
female), level of education, and greater personal religiosity were all positively
associated with better dietary habit score. This is consistent with previous studies
which showed that females have healthier food choice than males (Baker &
Wardle, 2003; Wardle et al., 2004). Older females also consume more fruit and
vegetable (Liu et al., 2000). People who are more educated also have healthier diet
(Johansson et al., 1999; Murakami et al., 2009; Shimakawa et al., 1994). A higher
level of religiosity is associated with regular breakfast (John M. Wallace & Forman,
1998) and lower soft drinks consumption (Pitel et al., 2012) among adolescents,
healthful nutrition (Chliaoutakis et al., 2002; Homan, 2010; Reid & Smalls, 2004),
healthy food choices and eating patterns (Rew et al., 2007).
At the congregational level, greater congregational conservativeness was
positively associated with better individual dietary habit scores, whereas
congregational size was not significantly associated with dietary habit. Given the
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data, we can only speculate about the nature of the relationship between
congregational conservativeness and individual dietary habit.

One possible

reasons an individual attending a more conservative church is more likely to
practice healthy eating than an equivalent individual attending a less conservative
church relates to the intensity of exposure to health related messages. Given the
doctrinal centrality of health and diet to SDA teachings, more conservative church
might have more health-related sermons and seminars, and more health literature
being distributed, and displayed within the church. This would be consistent with
one recent study which found that higher perceived church support for healthy
eating through spoken and written information within the church was positively
associated with higher fruit and vegetable intake and low-fat dietary consumption
(Baruth et al., 2011).
The conservativeness of a congregation, one might imagine, would be influenced
by the conservativeness of the faith leader of the congregation.

Presuming

doctrinally more conservative SDA pastors are more likely to adhere to the central
teaching around healthy diet and healthy behavior this could then influence the
entire congregation. This would be consistent with a study by Bopp & Fallon
(2011), when they found that congregations with faith leaders’ who were more
physically active and consumed more fruit and vegetables also tended to engage in
more health and wellness activities (Bopp & Fallon, 2011).
In addition, there may be effects of social conformity on dietary choices
(Mollen et al., 2013). Aggregating individual choices may create a norm within the
congregation towards more or less healthy diets. Within doctrinally conservative
congregations this would have the effect of creating a social support structure to
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practice healthy eating. Religion also predicts conformity for a number of social
norms (Welch et al., 2006), and the less adherent individual attending a more
conservative congregation might feel the social pressure to conform to the diet of
other members of the congregation. In addition, a more conservative
congregation might be more explicit regarding its doctrinal teaching about diet
and thus providing clear guidelines for the congregation to follow. One study, for
instance found that a higher cohesion within a congregation resulted in more
formal and more explicit rules are positively associated with higher fruit and
vegetable intake and lower fat intake (Hart et al., 2007).
The study does have a number of limitations that should be kept in mind.
The data are cross-sectional and it is difficult to be clear about the causal
relationships.

Longitudinal studies following individuals prior to formal

conversion to the Adventist church may elucidate the relationship better. The
responses to questionnaires were also self-reported and might be affected by recall
or social desirability biases. The latter bias may reflect the apparent
congregational effect, rather than a truly healthier diet. That is, members of more
conservative congregations may be more likely to report diets that are more
doctrinally consistent. Finally, only a simple measure of congregational
conservativeness was used, and this could benefit from additional refinement. The
current study was of only one religious congregation in Malaysia, and the results
should not be generalised to other denominations where diet was not so centrally
important. Nonetheless, the results do point to the potential role of religious
communities in health promotion, particularly where the health promotion
message and the doctrinal message are consonant.
331

Table 28. Demographics
Males

Females

(n=253)

(n=321)

34.6±13.70

35.31±14.42

34.0±13.09

Chinese

54.0%

51.5%

56.0%

Indian

9.4%

10.4%

8.6%

Indigenous

25.5%

24.0%

26.6%

Others

11.2%

14.2%

8.8%

Secondary school or less

37.1%

35.8%

38.1%

Diploma†

25.7%

22.9%

28.0%

Bachelor's degree

30.0%

33.1%

27.6%

Graduate degree

7.1%

8.2%

6.3%

Never married

52.4%

54.8%

50.6%

Currently married

41.4%

42.5%

40.6%

Previously married

6.1%

2.7%

8.8%

Less than RM1000

23.5%

23.6%

23.5%

RM1001-2999

35.6%

30.9%

39.4%

RM3000-4999

23.2%

22.6%

23.6%

Above RM5000

17.7%

22.9%

13.5%

Employment (Yes)

60.0%

65.6%

55.6%

19.4±10.08

19.6±10.36

19.2±8.86

45.7%

46.2%

45.3%

Variables

All

Age (years)
Ethnicity

Education

Marital status

Income††

Age of baptism (yrs)
Born in Adventist family (Yes)
Intrinsic religiosity (3 = low, 15 = high)

14.0±1.52

4.0±1.51

14.1±1.53

Sabbath-keeping (4 = low, 24 = high)*

20.8±3.86

20.4±4.15

21.1±3.59

Dietary habit (1= never, 4 =
2.7±0.48
2.7±0.44
2.8±0.50
routinely)***
Significant differences by gender: *, p<0.05; **,p<0.01;***:p<0.001
†
A higher education qualification just below a bachelor’s degree
††
Income categories and their USD equivalent: Less than RM1000 =USD257, RM10012999=USD257-771, RM3000-4999=USD771-1285, and RM5000 and above=USD1285 and above
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Table 2. Multilevel linear modeling of dietary habits
Model 1

Variables
Level 1 (individual)
Intercept
Age
Gender
Male
Female
Ethnicity
Chinese
Indian
Indigenious
Others
Marital status
Umarried
Currently married
Previously married
Education
Secondary school or less
Diploma†
Bachelor's degree
Graduate degree
Income††
Less than RM1000
RM1001-2999

Model 2

Model 3

β

SE

β

SE

β

SE

2.51***
0.11***

0.08
0.03

1.71***
0.09**

0.21
0.03

1.49***
0.09**

0.23
0.03

0.13***

0.04

0.12**

0.04

0.11**

0.04

-0.10
0.08
-0.08

0.08
0.06
0.07

-0.11
0.07
-0.08

0.08
0.06
0.07

-0.10
0.10
-0.05

0.07
0.06
0.07

-0.02
0.06

0.06
0.09

-0.01
0.08

0.06
0.09

0.00
0.09

0.06
0.09

0.08
0.10*
0.11

0.05
0.05
0.08

0.09
0.10*
0.09

0.05
0.05
0.08

0.10*
0.11**
0.09

0.05
0.05
0.08

-0.04

0.06

-0.03

0.05

-0.02

0.05
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RM3000-4999
0.06
0.06
0.07
0.06
0.08
0.06
Above RM5000
0.13
0.07
0.13
0.07
0.14*
0.07
Occupation
0.05
0.05
0.04
0.04
0.05
0.04
Employed
Unemployed
Age of baptism
-0.09***
0.02
-0.08***
0.02
-0.08**
0.02
Born in Adventist family
No
Yes
0.09*
0.05
0.10*
0.05
0.10*
0.05
Intrinsic religiosity
0.04**
0.01
0.04**
0.01
Sabbath-keeping
0.01**
0.01
0.01*
0.01
Level 2 (Congregational)
Size of congregation
0.00
0.00
Conservativeness
0.03*
0.01
2
2
2
σ
SD
σ
SD
σ
SD
Variance components
0.013
0.113
0.012
0.110
0.008
0.090
Congregation
0.187
0.433
0.181
0.436
0.181
0.426
Residual
Fit indices
729.5
714.0
712.1
AIC
691.5
672.0
665.1
-2 Log likelihood
With null model
With Model 1
With Model 2
Model Comparison
72.2(16)***
19.5(2)***
6.9(2)*
Chi-square (df)
*:P<0.05; **:P<0.01; ***:P<0.001
σ2 – variance; SD – standard deviation; AIC – Akaike information criterion
† A higher education qualification just below a bachelor’s degree
†† Income categories and their USD equivalent: Less than RM1000 =USD257, RM1001-2999=USD257-771, RM30004999=USD771-1285, and RM5000 and above=USD1285 and above
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