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ABSTRACT OF THE DISSERTATION
THE INDEPENDENT EFFECT OF FRESH FRUITS AND PHYSICAL
ACTIVITY ON STROKE MORTALITY RESULTS FROM THE ADVENTIST
HEALTH STUDY-1
by
Tahereh Zamansani
Doctor of Public Health in Epidemiology
Loma Linda University, Toma Linda, California, 2013
W. Lawrence Beeson, Chair
Stroke is one of the leading causes of death and disability, with major global
public health implications. Stroke ranks No. 4 among all causes of death, behind heart
disease, cancer, and chronic lower respiratory disease (CLRD). Stroke accounts for
almost 1 of every 18 deaths in the United States. Women accounted for 60.6% of stroke
deaths. Death certificate data show that the mean age at stroke death was 79.6 years;
males had a younger mean age (76.3) than females.
There is still a great scientific uncertainty among researchers and epidemiologists
about the magnitude of any preventive effect, mechanisms of action and optimal diet and
exercise prescription in relation to stroke reduction and prevention. Additionally, many of
the studies investigating diet had several limitations since their results were based on
crude assessments of diet and limited adjustments for confounding factors. Similarly,
controversy regarding physical activity type, intensity and amount of time spent exist in
relation to stroke mortality.
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This dissertation examined the independent effect of physical activity and the
consumption of fruits/vegetables on stroke mortality, with a newly appreciated
connection specific to fresh/raw and processed fruits, using data from the Adventist
Health Study-1 (AHS-1). In the study, a cohort of 34,198 non-Hispanic whites, aged 25100, was followed from 1976 to 1988; of these, total of 434 fatal strokes were identified
by record linkage with the California death certificate files and the National Death Index.
The association between the main effects and stroke mortality was examined by Cox
proportional hazard regression analysis using SAS 9.2 (SAS Institute Inc., Cary, NC,
USA).
The results from the first sub-study show that compared to very low fresh fruit
intake (< 3 times/week), consumption of fresh fruits > 2 times/day was inversely
associated with stroke mortality hazard ratio (HR, 0.48; 95% Cl: 0.25, 0.91, p-trend =
0.032) after important risk factors.
In the second sub-study, all categories (high, middle, and low) of physical activity
(PA) compared to none and/or slight PA showed a protective effect, with the middle
category being the most protective (HR: 0.64, 95% Cl: 0.47,0.86) after adjustment for
important risk factors. Our study results suggest an inverse association between fresh
fruit/vegetable intake and physical activity with stroke mortality in this population.
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CHAPTER 1
INTRODUCTION
Stroke, also known as a cerebrovascular accident (CVA), is defined as the rapidly
developing loss of brain function(s) due to a disturbance in the blood supply to the brain
(The Advisory Council, 1975). The traditional definition of stroke, devised by the World
Health Organization in the 1970s, is a "neurological deficit of cerebrovascular cause that
persists beyond 24 hours or is interrupted by death within 24 hours" (World Health
Organization [WHO], 1978).
Stroke continues to be a major healthcare problem. According to the latest
statistics report, stroke accounted for almost 1 of every 19 deaths in the United States
(US). Stroke mortality, as an underlying cause of death in 2009, was 128,824; and as anymention mortality in 2009 was 215,864, and the death rate was 38.9 per 100,000(Go et
ah, 2013). Stroke mortality in 2008 was 134,148 and the death rate was 40.7% (Roger et
ah, 2012b; Xu J, 2010). Preliminary data from the Centers for Disease Control and
Prevention (CDC) indicate that using the 10th version of the International Classification
of Diseases (ICD-10) and after reclassification of some respiratory diseases,
cerebrovascular disease is now ranked fourth among all causes of death, after diseases of
the heart, cancer, and chronic lower respiratory diseases (CLRD) (Minino, 2010; Roger et
ah, 2012b).
Stroke is also a leading cause of serious, long-term disability in the US. In 2008,
the estimated direct and indirect cost of stroke was $34.3 billion; direct medical cost of
stroke was $18.8 billion (Centers for Medicare & Medicaid Services [CMS], 2006; Roger
et al., 2012b).

There is a growing literature indicating that lifestyle factors such as physical
activity and specific dietary nutrients or diets influence the development and the outcome
of chronic diseases. A large proportion of these studies point to nutrients, antioxidants.
such as vitamin C, b-carotene, and flavonoids (Gale, Martyn, Winter, & Cooper, 1995;
Hirvonen, Virtamo, Korhonen, Albanes, & Pietinen, 2000)potassium (Ascherio et ah,
1998; Khaw & Barrett-Connor, 1987); and fiber associated with reduced stroke risk
(Keli, Hertog, Feskens, & Kromhout, 1996). Findings from these studies have increased
interest in foods rich in these substances, such as fruits and vegetables (Bazzano et ah,
2002b; Joshipura et ah, 1999; Ness, Chee, & Elliott, 1997). Evidence and health benefits
of a diet rich in fruits and vegetables have been acknowledged for some time. Fruit and
vegetable consumption has been linked to decreased incidence and mortality from a
variety of chronic diseases such as: cardiovascular diseases (Inzitari et ah, 2000; Ness &
Powles, 1997), stroke (He, Nowson, & MacGregor, 2006), hypertension (Appel et ah,
1997), diabetes, obesity, and certain types of cancer (Riboli & Norat, 2003; L. M. Steffen
et ah, 2005).
Since the 1999 review study by Ness and Powles (Ness et ah, 1997) at least eight
prospective cohort studies evaluating intake of fruits and vegetables and risk of stroke
have been conducted. Of these studies, five have found significant inverse relationships
between fruit and vegetable consumption and risk of stroke (Bazzano et ah, 2002a;
Hirvonen et ah, 2000; Joshipura et ah, 1999; Knekt et ah, 2000; Sauvaget, Nagano, Allen,
& Kodama, 2003), and the three other studies had similar findings that tended toward
statistical significance (Johnsen et al., 2003; Keli et al., 1996; L. Steffen et ah, 2003).
None of the prospective cohort studies included in the more recent two meta-analyses
2

(Dauchet, Amouyel, & Dallongeville, 2005; F. J. He et al., 2006) has evaluated the
relationship between fresh/raw and processed fruits separately and risk of stroke
mortality. To our knowledge only one study has evaluated the relationship between fresh
and processed fruits and risk of stroke mortality (Oude Griep, Verschuren, Kromhout,
Ocke, & Geleijnse, 2011b) with no distinction between the type of processed fruits
(canned, dried, juice) in relation to stroke mortality. In addition, according to the latest
US Department of Agriculture report, whole fruits (fresh, frozen, canned or dried) rather
than fruit juice is advised, but recommendations as to whether fruit or vegetables should
be eaten raw or processed were not specified(Department & Agriculture, 2010).
The protective effect of physical activity may to a degree be mediated through its
effect on other risk factors of stroke (Gorelick et al., 1999). A few studies have examined
physical activity and the results have indicated favorable effects on blood pressure, lipid
profile, insulin sensitivity, body weight, blood coagulation, and fibrinolysis (Gris et al.,
1990; Hu, Lindstrom, et al., 2004; Hu et al., 2003; Lee, Hennekens, Berger, During, &
Manson, 1999) and also reduced risk of hypertension and diabetes (G. Hu, Barengo, et
al., 2004; G. Hu, Lindstrom, et al., 2004; G. Hu et al., 2003).
In the past two decades, there have been numerous epidemiological studies
examining the effect of physical activity on both stroke mortality and incidence.
However, not only is the protective effect of physical activity on stroke mortality less
clear, but the results of these studies are inconsistent (Autenrieth et al., 2011; Evenson et
al., 1999; F. B. Hu et al., 2000; G. Hu et al., 2005; I. M. Lee et al., 1999; Woodcock,
Franco, Orsini, & Roberts, 2011). In addition, it is not clear whether different types of
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physical activities, such as occupational and daily commuting, are independently related
to the risk of stroke.
Therefore the goal of this dissertation was to examine the relationship between: 1)
fruit, vegetables and stroke mortality, 2) fresh/raw fruits compared to processed fruits
(canned and dried) and stroke mortality, and 3) physical activity type and amount and
stroke mortality.
To the degree possible, this dissertation evaluated the relationship between fruit
and vegetable intake and physical activity and stroke mortality. The observational nature
of this study and the inherent measurement errors may limit causal interpretations. This
dissertation aimed to give insight on identifying factors associated with the risk of stroke
mortality.
The following chapter contains a review of the literature on associated
epidemiological features of stroke. Chapter 3 (methods) consists of subjects, design and
analyses sections. Chapter 4, the first of two formatted publishable papers, presents an
evaluation of the relationship between fresh/processed fruits and vegetables and stroke
mortality. Chapter 5 presents the second publishable paper and shows results from an
evaluation of the relationship between physical activity and the risk of stroke mortality.
Chapter 6 includes additional analyses and findings. Finally, Chapter 7 includes a
systematic discussion, suggestions for future research, and the conclusion.
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CHAPTER 2
REVIEW OF THE LITERATURE
A. Introduction
This chapter presents and organizes an evaluation of the existing state of
knowledge across diverse epidemiological aspects of stroke, also known as
cerebrovascular disease. In addition to this concise overview, there are selected articles
on the definition, background, pathology, type, and risk factors for stroke, and the
biological plausibility of the role of diet and physical activity that are summarized in this
chapter. The findings acknowledged and documented in this review led to the choice of
variables that were selected for controlling their potential confounding effect in the
analyses which are presented in chapters 3, 4, and 5.
B. Definition
Stroke (Cerebrovascular Disease)
Clinically stating, the common denominator of all forms/types of vascular disease
of the brain is stroke. Reduced to its simplest terms, a cerebrovascular stroke may be
defined as a “focal neurological disorder of abrupt development due to a pathologic
process in blood vessels”(Council, 1975). The WHO's definition of stroke (also known as
cerebrovascular disease) is “rapidly developing clinical signs of focal (or global)
disturbance of cerebral function, with symptoms lasting 24 hours or longer or leading to
death, with no apparent cause other than vascular origin”(WHO, 1988). This definition
was supposed to reflect the reversibility of tissue damage and was devised for this
purpose, with the time frame of 24 hours chosen arbitrarily. The 24-hour limit divides
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stroke from transient ischemic attack (TIA), a related syndrome of stroke symptoms that
resolves completely within 24 hours (Donnan, Fisher, Macleod, & Davis, 2008).
The updated 1999 wording defines stroke as clinical symptoms of local or overall
dysfunction developed as a result of a disturbance of the cerebrum which have lasted for
more than 24 hours (Stewart, 1999). This definition includes subarachnoid hemorrhage
but excludes TIA, subdural hematoma, and hemorrhage or infarction caused by infection
or tumors. Consequently, epidemiological studies are likely to underestimate the total
burden of cerebrovascular disease (Bonita, 1992).
C. Pathology
Blood, rich in oxygen and nutrients, is pumped continuously from the heart to the
brain cells via arteries and capillaries. Stroke occurs when these vessels burst or become
blocked. As a result, the brain nerve cells in the affected area will not be supplied with
oxygen and other needed nutrients, and thus may eventually die. Vascular diseases of the
brain may be considered as having three distinct aspects: a) basic pathology which
involves the vessel, that is, atherosclerosis, embolism, hypertensive change,
malformation, etc.; as a result, the blood vessel is either blocked or ruptured and as in
other organs, vascular disease can therefore be reduced to plugs and leaks; b) pathologic
changes in the cerebral tissues by either occlusion of a vessel (infarction) or rupture of a
vessel (hemorrhage); c) neurological disturbances which result from infarction or
hemorrhage (Deb, Sharma, & Hassan, 2010; NIH, n.d.).
Studies of the epidemiology of stroke have greatly improved because of the development
of new technology which has improved the classification of specific stroke types,
therapies that have reduced case fatality, prevention of stroke (i.e., antihypertensive
6

drug therapy), and health insurance, especially Medicare. Stroke cases can now be
classified in epidemiologic studies by type, especially for incident, non-fatal cases of
stroke, whereas in fatal cases, especially in older patients, there still is a tendency to
simply state that death was due to stroke, but not otherwise specifying the type of stroke.
However, the criteria for classification of stroke subtypes have not been standardized and
differ from one study to another (Bonita, 1992).
D. Types of Stroke
1. Ischemic stroke
The most frequent cause of stroke, not usually fatal, is a blockage of a
blood vessel in the brain or neck called ischemic stroke. The two major types of ischemic
stroke are as follows:
a. Thrombotic stroke. In thrombotic stroke, a blood clot or thrombus forms
inside an artery in the brain or neck, blocking blood flow. Blood clots form most often in
arteries damaged by atherosclerosis (a disease in which rough, fatty deposits build up on
the walls of the arteries and project into the bloodstream). These deposits gradually
narrow the passageways, especially at bifurcations, branches, and curves, slowing blood
flow and sometimes completely occluding the artery. Hypertension clearly aggravates
the process and leads to lipid deposition in smaller vessels.
b. Embolic stroke. Unlike cerebral thrombosis, embolic stroke occurs
when a wandering clot (embolus) or other type of particle forms in a blood vessel away
from the brain, usually in the heart, and is carried by the bloodstream until it lodges in an
artery leading to or in the brain, blocking the flow of blood. The most common cause of
these emboli is blood clots that form during atrial fibrillation, a disorder found in some 27

3 million Americans (Goldstein, 2009). In atrial fibrillation, the two small upper
chambers of the heart, the atria, quiver instead of beating effectively. Blood isn't pumped
out completely when the heart beats, so it pools and clots. Stroke occurs when the blood
clot enters circulation and becomes lodged in a narrowed artery of the brain (Caplan,
2013; Snell, 2006).
2. Hemorrhagic stroke
The other main category of stroke, hemorrhagic stroke, is frequently
caused by the bursting of an aneurysm (an abnormal bulging of a blood vessel in the
brain) or an arteriovenous malformation (AVM), a cluster of abnormal blood vessels.
There are two main types of hemorrhagic stroke:
a. Subarachnoid hemorrhage. Subarachnoid bleeding is bleeding which
occurs in the space between the brain and the skull.
b. Intracerebral hemorrhage. Intracerebral hemorrhage, one of the most
lethal stroke subtypes, refers to the parts of the brain affected by the bleeding, occurring
when a defective artery within the brain bursts, flooding the surrounding brain tissue with
blood. Clinical and diagnostic test criteria make subarachnoid hemorrhage a distinct
epidemiological entity because in most cases these patients are admitted to the hospital or
die before medical attention can be sought (Bonita, 1992; J. Wang, 2010).
3. Transient ischemic attacks
About one-third of all strokes are preceded by one or more mini-strokes
known as transient ischemic attacks (TIA). Occurring days, weeks, or even months
before a stroke, TIAs are caused by temporary interruptions in the blood supply to the
brain when a blood clot clogs an artery for a short time. The symptoms occur rapidly and
8

last a relatively short time, usually from minutes to several hours, with a complete
recovery within 24 hours. It is easy to ignore them or to believe that the problem has
disappeared; however, it is dangerous to ignore TIAs, since the underlying problem that
caused the TIA continues to exist and are often early warning signs of a potentially more
serious and debilitating stroke in the future (Caplan, 2013; NIH, n.d.).
Because stroke continues to be a burden to society and the consequences of stroke
are often devastating and permanent, prevention is crucial. The key to prevention is
lifestyle, because compared with medical or surgical therapies, lifestyle changes are
relatively low cost and low risk. Therefore, even small reductions in risk due to lifestyle
changes can have significant health benefits on a population or at the public health level.
E. Epidemiology of Stroke
1. Prevalence
Overall, annual stroke prevalence during 2005-2008 was estimated at
3.0%. According to the 2010 Behavioral Risk Factor Surveillance System (BRFSS) data,
2.6% of men and women >18 years of age had a history of stroke (CDC, 2007a; Roger et
al., 2012b). The prevalence of silent cerebral infarction is estimated to range from 6% to
28%, with higher prevalence associated with increasing age. The estimates vary
depending on the population studied (e.g., ethnicity, sex, risk factor profile), imaging
technique, and definition of silent cerebral infarction (Prabhakaran et al., 2008; Roger et
al., 2012b).
2. Incidence
Of all non-fatal strokes, 87% are ischemic, 10% are intracerebral
hemorrhage, and 3% are subarachnoid hemorrhage strokes. The National Heart, Lung,
9

and Blood Institute (NHLBI) estimates that each year almost 795,000 people experience
a new or recurrent stroke; approximately 610,000 of these are first attacks, and 185,000
are recurrent attacks. The risk of first-ever stroke in blacks is almost twice that of whites.
On average, women are older at stroke onset than men: ~75 years compared with 71
years (Petrea et ah, 2009; Roger et ah, 2012b). Men’s stroke incidence rates are greater
than women’s at younger ages but not at older ages. The male-to-female incidence ratio
was 1.25 in the 55 to 64 age group; 1.50 in the 65 to 74 age group; 1.07 in the 75 to 84
age group; and 0.76 in those >85 years of age (Roger et al., 2012b).
3. Mortality
Stroke mortality has changed from third to fourth (Towfighi, Markovic, &
Ovbiagele, 2011) among all causes of death when considered separately from other
CVDs, behind diseases of the heart, cancer, and chronic lower respiratory disease
(CLRD). In 2008, stroke accounted for almost 1 in every 18 deaths in the US, with a
death rate of 40.7 per 100,000 in the standard population (Roger et al., 2012b).
Approximately 54% of stroke deaths in 2008 occurred outside the hospital.
According to the American Heart Association (AHA) women accounted for 60.1% of US
stroke deaths in 2008; since women live longer than men, more women than men die of
stroke each year. Age-standardized mortality rates for ischemic stroke, subarachnoid
hemorrhage, and intracerebral hemorrhage are higher among blacks than whites. Age
adjusted death rates were 39.0% for white males, 62.1% for black males, 38.6% for white
females, and 53.4% for black females (Roger et al., 2012a, 2012b). There are important
geographic disparities in stroke mortality, with higher rates in the southeastern US,
known as the “stroke belt.” According to the most recent 2012 death certificate data, the
10

mean age for stroke death was 79.6 years; however, men had a younger mean age of
stroke death than females (Roger et al., 2012b).
4. Trend
According to the Minnesota Heart Study, age-adjusted stroke mortality
rates began a steady decline in trend in the 1980s and stabilized in the 1990s for both men
and women. Throughout this period, women had lower rates of stroke mortality than
men. Some of the improvement in stroke mortality may be due to improved acute stroke
care, but most is thought to be the result of improved detection and treatment of
hypertension (Luepker et al., 2006).
According to the NHLBI, the annual stroke death rate decreased 34.8% from
1998-2008, and using appropriate comparability ratios, the actual number of stroke
deaths declined 19.4% (Roger et al., 2012b). The changes in stroke death could be due to:
1) greater decline in stroke death rates in men than in women, with a male-to-female ratio
decreasing from 1.11 to 1.03 (age adjusted), and 2) greater declines in stroke death rates
in men than in women among people >65 years of age than among younger people
(Roger et al., 2012b).
5. Cost
A tradeoff for the drop in mortality through better acute stroke care is an
increase in the number of survivors with post-stroke morbidity. Stroke remains a leading
cause of serious, long-term disability in the US, despite improvements in stroke death
rates, costing an estimated $73.7 billion annually. The burden of post-stroke disability
will be an increasing public health main concern, as more and more individuals survive
stroke (Towfighi & Saver, 2011).
11

In 2008, the estimated direct and indirect cost of stroke was $34.3 billion (LloydJones et al., 2009). The mean lifetime cost of ischemic stroke in the US is estimated at
$140,048, which includes inpatient care, rehabilitation, and follow-up care (Taylor et al.,
1996). The mean cost per person for stroke care in the US in 2007 was estimated at
$7,657 (Roger et al., 2012b). The total cost of stroke for the period 2005 to 2050, in 2005
dollars, is projected to be $1.52 trillion for non-Hispanic whites, $313 billion for
Hispanics, and $379 billion for blacks. The estimated per capita cost of stroke is highest
in blacks ($25,782), followed by Hispanics ($17,201), and non-Hispanic whites
($15,597). Loss of earnings is expected to be the highest cost contributor in each
race/ethnic group.(D. L. Brown et al., 2006). More than 38,000,000 disability-adjusted
life-years were lost in 1990 worldwide due to stroke; this disease burden is expected to
increase to 61,000,000 disability-adjusted life-years by 2020 (Mackay J, 2004).
F. Risk Factors
/. Non-modifiable Risk Factors
a. Age. The single most significant risk factor for stroke is age. The
cumulative effect of aging on the cardiovascular system and the nature of stroke risk
factors over a period of years largely increase stroke risk. For each successive decade
after age 55 the stroke risk more than doubles (R. D. Brown, Whisnant, Sicks, O'Fallon,
& Wiebers, 1996; Goldstein et al., 2011).
b. Sex. Stroke is more prevalent in men than in women (R. D. Brown et
al., 1996; Pleis & Lethbridge-Cejku, 2006), and stroke incidence rates are greater in men
than in women at younger ages, but not at older ages. Men also generally have higher
age-specific stroke incidence rates than women, based on age-specific rates calculated
12

from strata defined by race/ethnicity for both ischemic as well as hemorrhagic stroke
(Carandang et ah, 2006; Goldstein et ah, 2011). And while women accounted for 60.1%
of US stroke deaths in 2008 (80,623 deaths among women were attributed to stroke
versus 53,525 among men) more women than men die of stroke each year because of the
larger number of elderly women (Roger et al., 2012b).
c. Race-Ethnicity. Blacks have a risk of first-ever stroke that is almost
twice that of whites. In addition, blacks have higher age-standardized mortality rates for
ischemic stroke, subarachnoid hemorrhage, and intracerebral hemorrhage than whites
(Roger et al., 2012b). In 2008, the reported age-adjusted death rates per 100,000 were as
follows: 39.0 for white males; 62.1 for black males; 38.6 for white females; and 53.4 for
black females. Similarly, for Hispanics or Latinos, death rates for stroke were 33.1 for
men and 28.9 for women; for Asian and Pacific Islanders, rates were 34.0 men and 32.1
for women; and for American Indians/Alaska natives, the rates were 24.5 for men and
24.0 for women (Roger et al., 2012a, 2012b).
d. Genetic Factors Genetic influences on stroke risk can be considered on
the basis of individual risk factors, the genetics of common stroke types, and uncommon
or rare familial stroke types. Epidemiological studies have linked both paternal and
maternal history of stroke with an increased stroke risk (paternal RR, 2.4; 95% Cl: 96%
Cl, 0.96, 6.03; maternal RR: 1.4; 95% Cl: 0.60, 3.25) (Kiely, Wolf, Cupples, Beiser, &
Myers, 1993). Results from a meta-analysis of cohort studies showed that a positive
family history of stroke increases risk by approximately 30% (odds ratio (OR), 1.3; 95%
Cl: 1.2,1.5) (Flossmann, Schulz, & Rothwell, 2004). The odds of both monozygotic twins
having strokes are higher (OR: 1.65) than those for dizygotic twins (Flossmann et al.,
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2004). Of all ischemic stroke subtypes, cardioembolic stroke appears to be the least
heritable type of stroke (Schulz, Flossmann, & Rothwell, 2004). Women who have
strokes are more likely than men to have a parental history of stroke (Touze & Rothwell,
2008). A variety of mechanisms could be attributed to this increased risk, including
genetic heritability and the inheritance of susceptibility to the effects of stroke risk
factors, familial sharing of cultural/environmental and lifestyle factors, and the
interaction between genetic and environmental factors (Goldstein et ah, 2011; Rubattu et
ah, 2001).
2. Modifiable Risk Factors
a. Hypertension. A powerful determinant of stroke risk is high blood
pressure (BP). More than two thirds of individuals > 65 years of age are hypertensive
(Chobanian et ah, 2003b). Hypertension affects at least 65 million persons in the US, and
is a major risk factor for both cerebral infarction and intracerebral hemorrhage (Fields et
ah, 2004). According to the Heart Disease and Stroke Statistics report those with a BP
<120/80 mm Hg have approximately half the lifetime risk of stroke compared to
individuals with hypertension (Lloyd-Jones et ah, 2010). According to the Framingham
Study, the residual lifetime risk for hypertension for middle-aged and elderly individuals
is 90%, indicating a huge public health burden (Vasan et ah, 2002). The relationship
between blood pressure (BP) and stroke risk is strong, continuous, graded, consistent.
independent, predictive, and etiologically significant (Chobanian et ah, 2003b).
Cohort studies have established a strong association between BP and stroke that
seem to be continuous down to levels of at least 115/75 mm Hg. The strength of the
association was similar for both men and women and for fatal and nonfatal events, but
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attenuated with increasing age (Chobanian et al., 2003a; The Lancet, 1995; Lewington,
Clarke, Qizilbash, Peto, & Collins, 2002; MacMahon et ah, 1990). Data from 350,977
men screened for the Multiple Risk Factor Intervention study (MRFIT) showed that
systolic blood pressure greater than 140 and diastolic blood pressure greater than 90 are
significantly related not only to ischemic stroke but also to hemorrhagic stroke (Iso,
Jacobs, Wentworth, Neaton, & Cohen, 1989).
Undeniable data for more than 30 years shows that controlling high blood
pressure contributes to the prevention of stroke (Chobanian et al., 2003b). A meta
analysis of 18 long-term randomized trials found that both p-blocker therapy (RR, 0.71;
95% Cl: 0.59,0.86) and treatment with diuretics (RR, 0.49; 95% Cl: 0.39, 0.62) were
effective in preventing stroke (Psaty et al., 1997). Hypertension is the most important
well-documented, modifiable risk factor for stroke, and treatment of hypertension is one
of the most effective strategies for preventing both ischemic and hemorrhagic stroke.
Generally, antihypertensive therapy is associated with a 35% to 44% reduction in the
incidence of stroke (Neal, MacMahon, & Chapman, 2000).
b. Cardiovascular disease. Cardiovascular disease (myocardial infarction
[MI], angina or coronary insufficiency, congestive heart failure, or intermittent
claudication) and other cardiac conditions such as atrial fibrillation, and left ventricular
hypertrophy (LVH) on the electrocardiogram (ECG) have all been documented as
independent stroke predictors (Doufekias, Segal, & Kizer, 2008; Goldstein et al., 2011;
Wolf, D'Agostino, Belanger, & Kannel, 1991). Compared with those without a history of
cardiovascular disease, those with a history (coronary heart disease, cardiac failure, or
symptomatic peripheral arterial disease) have a significantly increased risk of a first
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stroke after adjustment for age, blood pressure, LVH, cigarette smoking, atrial
fibrillation, and diabetes (RR,1.73, 95% Cl: 1.68,1.78 for men; and for women RR, 1.55;
95% Cl: 1.17,2.07) (D'Agostino, Wolf, Belanger, & Kannel, 1994).
c. Carotid stenosis. An important stroke risk factor is atherosclerotic
carotid artery disease. The risk of clinical symptoms rises with the degree of stenosis
(Norris, Zhu, Bomstein, & Chambers, 1991; Sacco et al., 1997). However, mass
screening for high-grade symptomatic carotid artery stenosis is very costly and there are
no studies showing that general screening would reduce stroke risk on a population basis
(United States Preventive Services Task Force, 2007; Wolff, Guirguis-Blake, Miller,
Gillespie, & Harris, 2007). Studies of natural history suggest an annual stroke risk
between 1% to 3.4% among persons with asymptomatic carotid artery stenosis of
between 50% and 99%. However, most of these studies focused on short-term follow-up
(i.e., 2 to 3 years) (Autret et al., 1987; Hennerici, Hulsbomer, Hefter, Lammerts, &
Rautenberg, 1987; Mackey et al.', 1997; Nadareishvili, Rothwell, Beletsky, Pagniello, &
Norris, 2002). A cohort study found similar rates of ipsilateral stroke: over 10 years
9.3%; (95% Cl: 1%, 18%; 0.9%/year) and 15 years 16.6%; (95% Cl: 1%,32%;
1.1%/year) (Nadareishvili et al., 2002). Several studies have made an effort to identify
subgroups of patients with asymptomatic carotid artery stenosis who may be at very high
stroke risk. These and other observational studies indicate that annually the rate of stroke
in the presence of a significant extracranial carotid artery stenosis is 1% to 2%, with some
data suggesting that the rate of stroke may be higher in those persons with progressing
stenosis and those with more severe stenosis (Bogousslavsky, Despland, & Regli, 1986;
Chambers & Norris, 1986; Inzitari et al., 2000).
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d. Atrial fibrillation Atrial fibrillation (AF) is an independent risk factor
for stroke, increasing risk stroke almost 5-fold after adjusting for other vascular risk
factors throughout all ages (Kannel & Benjamin, 2008; Roger et ah, 2012b; Wolf,
Abbott, & Kannel, 1991). The percentage of strokes attributable to AF increases sharply
from 1.5% at 50 to 59 years of age to 23.5% at 80 to 89 years of age (T. J. Wang et al.,
2003; Wolf, Abbott, et al., 1991). The prevalence of atrial fibrillation increases with age,
affecting almost 5% of those >70 years of age. The mean age of patients with atrial
fibrillation is 75 years (Go et al., 2001; Wolf, Abbott, et al., 1991). Atrial fibrillation is
also associated with increased mortality after adjusting for other vascular risk factors
(Benjamin et al., 1994). Strokes associated with atrial fibrillation are especially serious
and disabling. Because AF is often asymptomatic and often clinically undetected, the
stroke risk attributed to AF may be substantially underestimated (Elijovich, Josephson,
Fung, & Smith, 2009; Tayal et al., 2008).
e. Smoking. In 2010, among Americans >18 years of age, 21.2% of men
and 17.5% of women were current cigarette smokers. Smoking is a strong independent
risk factor for ischemic stroke (Roger et al., 2012a, 2012b; Shah & Cole, 2010). It has
been shown that the risk of ischemic stroke associated with current cigarette smoking is
approximately twice that of nonsmokers after adjustment for other risk factors (Ohira et
al., 2006; Wolf, D'Agostino, et al., 1991).
Nearly every multivariable evaluation of stroke risk factors, such as the
Framingham Study, (Wolf, D'Agostino, et al., 1991); the Cardiovascular Health Study
(Longstreth et al., 1996; Manolio, Kronmal, Burke, O'Leary, & Price, 1996); and the
Honolulu Heart Study (Rodriguez et al., 2002) has recognized cigarette smoking as a
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strong risk factor for ischemic stroke. Results from studies mostly conducted in older
adults also present evidence of a dose-response relationship; this also has been extended
to young women from an ethnically diverse cohort (Bhat et ah, 2008). In addition.
smoking has been clearly associated with a 2 to 4 fold increased risk for hemorrhagic
stroke (V. L. Feigin et ah, 2005; V. Feigin et ah, 2005; Kurth, Kase, Berger, Gaziano, et
ah, 2003; Kurth, Kase, Berger, Schaeffner, et ah, 2003). A meta-analysis of 32 studies
reported the risk ratio (RR) for ischemic stroke at 1.9 (95% Cl 1.7,2.2) for smokers
versus nonsmokers, and the RR for subarachnoid hemorrhage to be 2.9 (95% Cl 2.5,3.5)
(Shinton & Beevers, 1989).
Study results have shown that smoking contributes to stroke by increasing blood
levels of fibrinogen and other clotting factors,, increasing platelet aggregability;
decreasing high-density lipoprotein cholesterol levels; increasing the hematocrit, and
directly damaging the endothelium. This may lead to atherosclerosis and acutely
increasing blood pressure thus promoting arterial rupture (Kool, Hoeks, Struijker
Boudier, Reneman, & Van Bortel, 1993; Krobot, Hense, Cremer, Eberle, & Keil, 1992;
Kubota et ah, 1983). The pathogenesis of increased stroke risk in populations exposed to
cigarette smoke might be due to the advanced atherogenesis, potentially in relation to
chronic infection (Kiechl et ah, 2002; Shah & Cole, 2010).
f Diabetes. Diabetes is estimated to affect 10.7% of the US adult
population. According to the latest report, 17.9 million, or 5.9%, of Americans had
diabetes, and an estimated additional 5.7 million had undiagnosed disease (Goldstein et
ah, 2011). Data from the CDC show an age-adjusted prevalence of self-reported stroke
of 9% among persons with diabetes who were 35 years of age or older (CDC, 2007b).
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Diabetes is a clear risk factor for stroke (Burchfiel et ak, 1994; Jamrozik,
Broadhurst, Anderson, & Stewart-Wynne, 1994; Roger et al., 2012b). Prospective and
case-control studies have long-established an independent effect of diabetes on ischemic
stroke, with an increased RR in persons with diabetes ranging from 1.8-fold to nearly 6fold (Boden-Albala et al., 2008; United States Preventive Services Task Force, 1996;
Kissela et al., 2005). t The Honolulu Heart Program showed that among Hawaiian
Japanese men those with diabetes had twice the risk of thromboembolic stroke compared
without the disease; this increase in risk was independent of other factors (Burchfiel et
al., 1994). In the Framingham Heart Study, although the effect of diabetes was greatest
on peripheral arterial disease with intermittent claudication (RR was increased 4-fold),
coronary and cerebral arteries were also affected. Compared to men, the effect of diabetes
was greater in women, reaching significance as an independent contributor in older
women (Kannel & McGee, 1979). Hypothesized mechanisms for the independent
association between diabetes and stroke include glycosylation of tissue proteins,
accelerating atherogenesis (Ruderman & Haudenschild, 1984) and enhanced thrombosis
(Brozovic et al., 1976).
g. Alcohol Consumption. There is strong evidence that heavy alcohol
consumption is a risk factor for all stroke subtypes (Patra et al., 2010; Roger et al.,2012a,
2012b). The relationship between alcohol consumption and ischemic stroke has been
described as a J-shaped curve in which abstainers or moderate drinkers have the lowest
risk, and heavy drinkers the highest (Chiuve et al., 2008; Gill, Zezulka, Shipley, Gill, &
Beevers, 1986; Hillbom, Juvela, & Numminen, 1999; Hillbom, Numminen, & Juvela,
1999; Reynolds et al., 2003;Elkind et al., 2006). A linear association exists between
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alcohol consumption and risk of hemorrhagic stroke (V. L. Feigin et al., 2005). A recent
meta-analysis suggested a consistent association between heavy drinking and risk for
stroke subtypes, whereas the evidence linking moderate consumption (1-2 drinks/day)
appears to have mixed results (Patra et al., 2010). Another meta-analysis of 35
observational studies categorized alcohol consumption of more than 60 g of alcohol per
day was associated with an increased relative risk of total stroke (RR:1.64; 95% Cl:
1.39,1.93); ischemic stroke (RR: 1.69; 95% Cl: 1.34,2.15); and hemorrhagic stroke.
(RR:2.18; 95% Cl: 1.48,3.20) (Reynolds et al., 2003). In observational studies, light to
moderate consumption of alcohol, particularly in the form of wine, is associated with
reduced risk of total and ischemic stroke; the beneficial effect may be due to favorable
modification of blood lipid and lipoprotein levels which may protect against coronary
artery disease (CAD) (Leppala, Virtamo, Fogelholm, Albanes, & Heinonen, 1999; Sacco
et al., 2006).
h. Total Cholesterol Lipids. An estimated 33.5 million adults >20 years of
age have total serum cholesterol levels >240 mg/ dl with a prevalence of 16.2%. Almost
8% of adults have undiagnosed hypercholesterolemia (Roger et al., 2012b). Even though
the association between total serum cholesterol concentration and coronary artery disease
is well established, the relation between stroke and cholesterol has remained unclear. A
number of epidemiological studies — but not all - have found an association between
higher cholesterol levels and increased risk of ischemic stroke. The Multiple Risk Factor
Intervention Trial (MRFIT) (Iso et al., 1989); the Alpha-Tocopherol, Beta-Carotene
Cancer Prevention (ATBC) study (Leppala et al., 1999); the Asia Pacific Cohort Studies
Collaboration (APCSC) (Zhang et al., 2003); and the Women's Pooling Project
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(Horenstein, Smith, & Mosca, 2002; Kurth et al., 2007) all found increased risk for
stroke. In other studies the association between cholesterol and stroke risk was not as
clear, i.e., the ARIC study (Shahar et al., 2003), and the Euro stroke Project (Bots et al.,
2002). Also, hypercholesterolemia and hyperlipidemia are not well established risk
factors for first or recurrent stroke (Amarenco & Tonkin, 2004; Gorelick, 2002).
i. LDL and HDL In 2008 (the most recent data available), the mean level
of low density lipoprotein (LDL) cholesterol for American adults (>20 years of age) was
115.2 mg/dl in 2008 (Kuklina, Yoon, & Keenan, 2009). The age-adjusted prevalence of
high LDL cholesterol in US adults was 25.3% in 2009. Following are the different level
cut-off points: Levels of 130 to 159 mg/ dl are considered borderline high, levels of 160
to 189 mg/dl are classified as high, and levels of >190 mg/dl are considered very high
(Roger et al., 2012a). According to the “Heart Disease and Stroke Statistics-2012
Update’' the mean level of HDL cholesterol for American adults >20 years of age is 53.3
mg/dl. A high-density lipoprotein (HDL) cholesterol level below 40 mg/dl in adult males
and below 50 mg/dl in adult females is considered low and constitutes a risk factor for
HD and stroke (Roger et al., 2012a). The preponderance of evidence supports strong
associations between stroke and high total cholesterol (Song et al., 2005; Tirschwell et
al., 2004), high oxidized low-density lipoprotein (LDL) (Vibo et al., 2007); low HDL
(Laloux, Galanti, & Jamart, 2004; Tirschwell et al., 2004), and high lipoprotein
(Kirshner, 2009; Petersen et al., 2007). Data from the Honolulu Heart Program (HHP)
and the (NHLBI suggest that low concentrations of HDL cholesterol in Japanese men (71
to 93 years old) were more likely to be associated with a future risk of thromboembolic
stroke than high concentrations (Curb et al., 2004). A few studies suggest a reduction in
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the incidence of stroke with lipid lowering treatment; stroke risk reduction in statin trials
has been also primarily for nonfatal stroke (Amarenco & Tonkin, 2004; Dyker, Weir, &
Lees, 1997; Sandercock, 2001).
j. Diet. Evaluating the effect of nutrition at the food group and dietary
pattern level will provide a more comprehensive view of the role of nutrition in relation
to stroke. These studies are crucial in expanding our knowledge of diet in relation to
stroke beyond what is known about individual nutrients; therefore, dietary guidelines can
be more adequately addressed for primary prevention of stroke.
Plant-based foods such as whole grains, nuts, natural vegetable oils, and fruit and
vegetables are major components of the traditional Mediterranean diet (F. B. Hu, 2003a;
F. B. Hu & Willett, 2002). The Mediterranean diet has been associated with low rates of
cardiovascular disease (CVD) and mortality in these regions. The growing interest in
preventing CVD and stroke through plant-based foods has generated numerous
epidemiologic and clinical studies (F. B. Hu, 2003b; Kushi, Lenart, & Willett, 1995a,
1995b; Renaud et ah, 1995; Singh et al., 2002). More recent studies have shown the
Mediterranean diet to be effective in reducing risk and mortality for a number of chronic
diseases including CVD, cancer, and neurodegenerative diseases (Sofi, Abbate, Gensini,
& Casini, 2010). The relationship between the Mediterranean diet and stroke mortality
was also studied by Fung et al. Reduced risk of both CHD and stroke were observed in
the top quintile of Mediterranean diet adherence as compared to the lowest quintile (RR
CHD, 0.71; (95% Cl: 0.62,0.82); P trend= 0.0001; RR stroke, 0.87; (95% Cl: 0.73,1.02);
P trend= 0.03). Even though not statistically significant, a similar reduction in risk was
seen for both ischemic and hemorrhagic subtypes (Fung et al., 2009).
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k. Fish. The relationship between fish intake and stroke risk is not clear.
Consumption of fatty fish, such as tuna and other broiled fish, was mostly associated with
a decreased risk of ischemic stroke, with the protective effect more pronounced in women
compared to men (Wennberg et ah, 2007). Methods of fish preparation have also been
studied. Fried fish has been associated with increased risk of total and ischemic stroke in
one study (Mozaffarian et ah, 2005), and salted fish was found to be significantly
associated with increased risk of hemorrhagic stroke in another (Montonen, Jarvinen,
Reunanen, & Knekt, 2009). For hemorrhagic stroke, there is a lack of consistent positive
correlation with fish consumption, primarily due to insufficient cases, and therefore, low
statistical power. Overall, the protective effect of fish has been generally observed at
moderate levels of consumption, with higher levels of intake associated with increased
risk of ischemic stroke, especially in men.
/. Whole grain. There are insufficient data related to the protective effect
of whole-grain intake and risk of ischemic stroke, but in the studies performed to date,
such associations remained significant after adjustment for confounding factors (Mellen,
Walsh, & Herrington, 2008). Further studies are needed for clarification of the
relationship between whole grain consumption and stroke. In a 2000 study by Liu et ah, a
significant inverse relationship between whole-grain consumption and ischemic stroke
risk was observed which remained unchanged after adjustment for other CVD risk
factors. Age-adjusted RRs for lowest to highest quintiles were: RR: 0.68 (95% Cl: 0.49,
0.94); RR: 0.69 (95% Cl: 0.51, 0.95); RR=0.49 (95% Cl: 0.35, 0.69); and RR: 0.57 (95%
Cl: 0.42, 0.78,/? trend 0.003), respectively. However, no association between total grain
intake and ischemic stroke risk was observed (Liu et ah, 2000). In the ARIC study,
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intake of whole grains, refined grains, and incidence of ischemic stroke was examined.
The study failed to find any association between whole-grain intake, refined-grain intake,
and stroke incidence (L. Steffen et ah, 2003).
m. Animal products: meats, eggs, and dairy. With the exception of eggs,
which consistently show no association to stroke risk, (F. B. Hu et ah, 1999; Qureshi et
al., 2007) the relation between stroke and consumption of other animal products such as
meat and dairy has not been clearly explained. In the Japanese Life Span Study,
researchers investigated the relationship between risk of stroke death and intake of animal
products. A composite measure of the animal products revealed a significantly inverse
relationship with the highest intake level for total stroke (HR: 0.80; 95% Cl: 0.68, 0.93).
The protective effect of the highest as compared to the lowest intake of these animal
products was only significantly associated with cerebral hemorrhage (HR: 0.72; 95% Cl:
0.53,0.98), and not with cerebral infarct (HR: 0.84; 95% Cl: 0.67,1.06). The study
showed that a generally low consumption of animal products including eggs, dairy
products, and fish in this population may contribute to the observed protective effect
(Sauvaget, Nagano, Allen, Grant, & Beral, 2003). In the Honolulu Hearth Program study,
consumption of meat with a frequency more than 4 times per week was positively
correlated with risk of all strokes, as well as first-incident strokes (multivariate OR for all
strokes, 2.17; 95% Cl: 1.33,3.53; OR for first-ever strokes, 2.30; 95% Cl: 1.29,4.08)
(Jamrozik et ah, 1994). Finally, in addition to finding no statistical association of stroke
risk with specific types of fat (total, animal, vegetable, saturated, monounsaturated,
polyunsaturated, and trans fat) the Hiroshima Nagasaki Life Span study found no
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association between stroke risk and intake of red meats, high-fat dairy products, nuts, or
eggs (K. He et ah, 2003).
E. Fruit and vegetables
According to a WHO report, low intake of fruit and vegetables is one of the major
modifiable risk factors contributing to the burden of ill health. For that reason diseases
associated with adulthood, including stroke (F. J. He et ah, 2006); CHD (Appel et ah,
1997; Ness & Powles, 1997; L. M. Steffen et ah, 2005) some cancers (Riboli & Norat,
2003); and other chronic disease (Inzitari et ah, 2000) may be prevented by increased
fruit and vegetable consumption. Further efforts are needed to encourage healthy eating
habits in children and adults. Earlier study results have indicated higher fruit and
vegetable consumption to be associated with a lowered risk for stroke (Joshipura et ah,
1999; Ness & Powles, 1997).
1. Earlier Studies 1997-2003
Since the 1997 review study by Ness and Powles, eight prospective cohort
studies have evaluated the relationship between fruit and vegetable intake and risk of
stroke. Of those, five have found significant inverse associations between fruit and
vegetable consumption and risk of stroke (Bazzano et ah, 2002a; Hirvonen et ah, 2000;
Joshipura et ah, 1999; Knekt et ah, 2000; Sauvaget, Nagano, Allen, & Kodama, 2003),
and the other three had opposite findings that showed a tendency toward significance
(Jacobs & Steffen, 2003; Johnsen et ah, 2003; Keli et ah, 1996).
2. Meta-Analyses Studies 2005-2006
Two meta-analyses of prospective cohort studies identified a significantly
lower risk of stroke among those with the highest intakes of fruits and vegetables
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(Dauchet et al., 2005; F. J. He et al., 2006). In a 2006 meta-analysis study, nine
independent cohorts met the inclusion criteria with 257,551 individuals (4,917 stroke
events) with an average follow-up of 13 years. The pooled RR of stroke was 0.89 (95%
Cl: 0.83, 0.97) for studies with three to five fruit and vegetable servings per day, and 0.74
(95% Cl: 0.69, 0.79) for those with more than five servings per day (compared with
individuals who had less than three servings of fruit and vegetables per day). Additional
subgroup analyses showed that fruit and vegetables had a significant protective effect on
both ischemic and hemorrhagic stroke (F. J. He et al., 2006).
He et al. (2006) reported that an increased consumption of fruit and vegetables is
associated with a reduced risk of stroke. Individuals who ate three to five servings per
day had an 11 % reduction in the risk of stroke compared with individuals who ate less
than three fruit and vegetable servings per day, and those with more than five servings
per day showed a reduction of 26% (F. J. He et al., 2006).
The 2005 meta-analysis study included seven studies with 90,513 men, 141,536
women, and 2,955 strokes. The risk of stroke was decreased by 11% (RR: 0.89; 95% Cl:
0.85, 0.93) for each additional portion per day of fruit, by 5% (RR: 0.95; 95% Cl: 0.92,
0.97) for fruit and vegetables, and by 3% (RR: 0.97; 95% Cl: 0.92, 1.02) for vegetables.
The results implied associations that are linear, suggesting a dose-response relationship.
No significant evidence was found for stroke in relation with vegetable consumption
(Dauchet et al., 2005).
3. Recent Cohort Studies 2009 -2012
Findings by Mizrahi et al. (2009) indicated an inverse association between
fruit consumption and incidence of cerebrovascular diseases, ischemic stroke, and
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intracerebral hemorrhage in a Finnish population. The adjusted relative risks (RR)
between the highest and lowest quartiles of intake with any cerebrovascular disease,
ischemic stroke, and intracerebral hemorrhage were 0.75 (95% Cl: 0.59, 0.94), 0.73 (95%
Cl: 0.54, 1.00) and 0.47 (95% Cl: 0.24, 0.92), respectively.
Of the vegetable subgroups, consumption of cruciferous vegetables (the highest
and lowest quartiles) was inversely associated with the risk of all three types of
cerebrovascular diseases. Consumption of cruciferous vegetables, however, predicted a
reduced risk of cerebrovascular diseases (RR: 0.79; 95% Cl: 0.63, 0.99), ischemic stroke
(RR: 0.67; 95% Cl: 0.49, 0.92) and intracerebral hemorrhage (RR: 0.49; 95% Cl: 0.25,
0.98). Total consumption of vegetables or cereals was not related to cerebrovascular
disease incidence (Mizrahi et al., 2009).
The Japan Collaborative Cohort Study for Evaluation of Cancer Risk examined
fruit, vegetable, and bean intake in relation to CVD. During follow-up, the number of
deaths recorded among men was 559 from total stroke, 258 from coronary heart disease,
1,207 from total CVD, and 4,514 from total mortality. An inverse relationship was
observed between fruit and mortality from total stroke (HR: 0.67; 95% Cl: 0.55, 0.81)
and total mortality (HR: 0.86; 95% Cl: 0.80, 0.92) in the highest versus the lowest
quartile of intake. After adjusting for other plant-based foods, the association of fruit
consumption with mortality from total stroke, total CVD, and total mortality remained
significant, however, the associations between consumption of vegetables and beans with
mortality risk diminished (Nagura et al., 2009).
A very recent population-based cohort study in the Netherlands evaluated the
associations of raw and processed fruit and vegetable consumption independently with
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10-year stroke incidence and stroke subtypes. Total stroke incidence was 30% lower for
individuals with a high intake of raw fruit and vegetables (>262 g/day; HR: 0.70; 95%
Cl: 0.47, 1.03) compared to those with a low intake (92 g/day) with borderline significant
trend (p trend 0.07). Raw vegetable intake was significantly inversely associated with
ischemic stroke (>27 vs. <27 g/day; HR: 0.50; 95% Cl: 0.34, 0.73), and raw fruit
borderline significantly with hemorrhagic stroke (>120 vs. <120 g/day; HR: 0.53; 95%
Cl: 0.28, 1.01). The study concluded that high intake of raw fruit and vegetables may
protect against stroke, and no association was found between processed fruit and
vegetable consumption and incident stroke (Oude Griep et al., 201 lb).
Which fruit and vegetable color groups contribute most to the beneficial
association of fruit and vegetables with stroke incidence is unknown. The color of the
edible portion of fruits and vegetables reflects the presence of pigmented bioactive
compounds, (e.g., carotenoids, anthocyanidins, and flavonoids). Oude, G et al. examined
associations between consumption of fruit and vegetable color groups with 10-year stroke
incidence. Higher intake of white fruits (mostly apples and pears) and vegetables was
inversely associated with incident stroke (>171 g/d, vs. < 78 g/d; HR: 0.48; 95% Cl: 0.29,
0.77). Each 25-g/d increase in white fruit and vegetable consumption was associated with
a 9% lower risk of stroke (HR: 0.91; 95% Cl: 0.85, 0.97). Green, orange/yellow, and
red/purple fruits and vegetables were not related to stroke incidence (Oude Griep,
Verschuren, Kromhout, Ocke, & Geleijnse, 2011a). More variety in fruit and vegetable
consumption was associated with higher intakes of fruit and vegetables and
micronutrients. Separate from quantity, variety in fruit and vegetables was not related to
stroke incidence (Oude Griep, Verschuren, Kromhout, Ocke, & Geleijnse, 2012).
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4. Possible mechanism
Components of fruits and vegetables possibly responsible for their obvious
beneficial effects on risk of ischemic stroke include antioxidant vitamins (Spence, 2006);
metabolically related B vitamins (McNulty, Pentieva, Hoey, & Ward, 2008; McNulty &
Scott, 2008); potassium (Green et ah, 2002); folate (Weng et al., 2008); and fiber (Oh et
ah, 2005); the relationship between ischemic stroke and these nutrients have been
assessed in different studies.
A number of different mechanisms have been proposed specific to fruit and
vegetable constituents. The antioxidant hypothesis (Rajman, Kendall, & Cramb, 1994;
Witztum, 1994) proposes that antioxidant vitamins such as C and E, a -carotene, other
carotenoids, and antioxidant minerals such as selenium and zinc and other antioxidant
compounds such as flavonoids are protective. Antioxidants are known to be effective
scavengers of free radicals (Sies & Stahl, 1995), and therefore could protect low-density
lipoproteins from oxidation and slow the formation of atherosclerotic plaques (Witztum,
1994). Other mechanisms by which antioxidants protect from stroke may be through
reduction of platelet aggregation, especially flavonoids and vitamin E (Gryglewski,
Korbut, Robak, & Swies, 1987; Williams, Forster, Tull, & Ferns, 1999), and by lowering
blood pressure, especially vitamin C (Appel et al., 1997; Ness et al., 1997).
However, there have been inconsistencies in results on the specific antioxidants in
fruits and vegetables, with analysis indicating no clear associations with dietary
antioxidants (Daviglus et al., 1997; Ross et al., 1997; Yochum, Folsom, & Kushi, 2000);
thus the evidence regarding antioxidant vitamin intake and risk of stroke remains unclear.
One reason may be that these studies have examined only the relationships with total
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stroke, and since different subtypes of stroke have different etiopathologies (Leppala et
al.) there may be different associations with dietary antioxidants.
There has been a growing interest in protection effect by intake of folate and
related B vitamins against stoke (Van Guelpen et al., 2005; Weng et al., 2008). The
potential protective effect of vegetables on stroke may be mediated through reductions in
homocysteine concentration, which has been considered a risk factor for arterial
endothelial dysfunction (Verhaar, Stroes, & Rabelink, 2002). The effects may be
mediated through homocysteine, the metabolism of which requires adequate levels of
folate and B vitamins (McNulty & Scott, 2008). Higher folate intakes were related to
reduced stroke risk in studies of health professionals (Gillman et al., 1995); male Swedish
smokers (Van Guelpen et al., 2005); and male Finnish smokers (Joshipura et al., 1999),
but not in the Nurses’ Health study (Al-Delaimy et al., 2004). Other studies have shown
that folate intake between 300 pg and 821 pg reduces stroke risk (Bazzano et al., 2002b),
and even higher stroke risk reduction in subjects with daily folate intake of more than 412
pg (Park, 2010). There is growing evidence that niacin inhibits vascular inflammation by
decreasing endothelial reactive oxygen species production and subsequent LDL oxidation
and inflammatory cytokine production, key events involved in atherogenesis (Ganji, Qin,
Zhang, Kamanna, & Kashyap, 2009).
F. Physical Activity
L Epidemiology
According to the latest data from the National Health Interview Survey
(NHIS), 37% of adults (>18 years of age) do not engage in leisure-time physical activity
(PA), defined as “no leisure-time physical activity/inactivity” no sessions of
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light/moderate or vigorous PA of at least 10 minutes’ duration (Roger et al., 2012b;
Schiller, Lucas, Ward, & Peregoy, 2012). Inactivity in 2010 was higher among women
than men (35.2% versus 29.7%, age adjusted) (Roger et al., 2012b). According to age
adjusted estimates, non-Hispanic black and Hispanic adults were more likely to be
inactive (43.2% and 44.7%, respectively) than non-Hispanic white adults (31.0%)
(Schiller et al., 2012).
Forty-nine percent of adults who responded to the 2010 NHIS survey did not meet
either aerobic or strengthening federal guidelines for PA. Women (54.1%) were more
likely than men (43.9%) not to meet federal PA guidelines (Schiller et al., 2012).
Hypertension and cardiac disease are major risk factors for stroke (Bronner,
Kanter, & Manson, 1995; Gorelick et al., 1999). The effect of exercise on risk of stroke
might be mediated directly or indirectly via effects on other vascular risk factors such as
obesity/overweight, diabetes/glucose intolerance, and hypertension. Physical activity may
modify these risk factors for stroke and may also have more direct effects in lowering
stroke risk. Physical activity is inversely associated with incidence of hypertension and
coronary heart disease; however, whether physical activity alters stroke risk is less clear,
partly because results from some studies reported fewer stroke events.
2. Physical Inactivity as a Risk Factor for Stroke
PA is associated with lower stroke risk. Considerable evidence exists that
physical activity exerts a significant and beneficial effect on multiple risk factors for
stroke. Different types of PA, sports, during leisure time, or at work were related to
reduced risk of ischemic stroke (Evenson et al., 1999; I. M. Lee et al., 1999; I. M. Lee &
Paffenbarger, 1998; Myint et al., 2006; Wendel-Vos et al., 2004).
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The relationship between the type of PA and stroke risk has been investigated in
several studies. In an evaluation of walking and sports activities, those in the highest
category of walking and sports participation had 29% and 20% lower risks of stroke
death, respectively (Noda et ah, 2005). In another study, the effect of leisure time,
occupational, and commuting PA on incident stroke was investigated. Significant trends
toward lower stroke risk were observed with moderate and high levels of leisure-time
activity and active commuting, with the strongest trend for ischemic stroke; a smaller, but
still significant benefit was seen with occupational activity (G. Hu et ah, 2005).
A decrease in ischemic stroke risk associated with PA levels across all
racial/ethnic and age groups and for each gender has been shown (OR: 0.37; 95% Cl:
0.25,0.55) in a study which included white, black, and Hispanic men and women in an
urban setting (Sacco et ah, 1998). According to a recent study, adherence to PA
guidelines for both aerobic and muscle-strengthening activities reduces all-cause
mortality risks by 27% among adults without existing chronic conditions, such as
diabetes mellitus (DM), cancer, MI, angina, CVD, stroke, or respiratory diseases and by
45.9% among people with chronic co-morbidities (Schoenbom & Stommel, 2011).
The Nurse’s Health Study results indicated that moderate-intensity PA, such as
walking, is associated with a substantial reduction in risk of total and ischemic stroke (F.
B. Hu et ah, 2000). A graded, inverse association of PA amount and duration with
incident CHD and stroke has also been reported (Camethon, 2009).
3. Studies 2003 - 2012
A systematic review identified a total of 23 studies (18 cohort and 5 casecontrol) between 1966 and 2002 (C. D. Lee, Folsom, & Blair, 2003). Highly active
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individuals had a 27% lower risk of stroke or death as compared with persons with lower
levels of activity (RR: 0.73; 95% Cl: 0.67,0.79), with a similar benefit for those engaging
in moderate activity (RR: 0.80; 95% Cl: 0.74,0.86). The protective effects were similar in
risk reduction for ischemic and hemorrhagic stroke, with no statistical heterogeneity
among studies overall or based on study type. While studies with women were included,
the data for men and women were not evaluated separately and the types of activities
were not addressed.
Another systematic review published in 2004 identified 31 relevant cohort (n=24)
or case control (n=7) studies listed from 1976 up to December 2001 (Wendel-Vos et al.,
2004). Moderately intense physical activity was compared with inactivity, and a
protective effect on total stroke was found for both occupational (RR, 0.64; 95% Cl: 0.48,
0.87) and leisure time physical activity (RR, 0.85; 95% Cl: 0.78, 0.93). High level
occupational physical activity compared with both moderate (RR, 0.77; 95% Cl: 0.600.98) and inactive occupational levels (RR: 0.57; 95% Cl: 0.43, 0.77) protected against
ischemic stroke. High level compared with low level leisure time physical activity also
showed an inverse association with total stroke (RR: 0.78;95% Cl: 0.71,0.85),
hemorrhagic stroke (RR:0.74; 95% Cl: 0.57,0.96), as well as ischemic stroke (RR:0.79;
95% Cl: 0.69,0.91). There was no overall statistical heterogeneity among studies,
although results showed a stronger protective effect in studies conducted in Europe (RR:
0.47; 95% Cl: 0.33-0.66) compared with the US (RR: 0.82; 95% Cl: 0.75, 0.90). Again,
the results for men and women and the types of activities were not analyzed; that said,
the results of the two meta-analyses studies were considerably similar.
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The systematic review by Li et al. (Li & Siegrist, 2012) included 21 cohort studies
of PA from January 1980 to December 2010 which distinguished between occupational
and leisure time PA on risk of coronary heart disease (CHD) and stroke, with a sample
size of more than 650,000 adults. RR of stroke for men with the high level of leisure time
PA was 0.71 (95% Cl: 0.60, 0.84), compared to the reference group with low leisure time
PA. A similar effect was observed among women (RR, 0.78; 95% Cl 0.66, 0.92).
However, for occupational PA, a protective effect was not observed.
Overall, compared to the risk of those with low levels of PA at leisure time, the
fairly consistent results among men and women suggest that high levels of leisure time
PA reduce the risk of CVD in a range of about 20 to 30 percent, while moderate leisure
time PA decreases the risk by about 10-20 percent, indicating an obvious dose-response
relationship. While a moderate level of occupational PA is associated with a 10 to 20
percent lower risk of CVD, high PA at work did not show a higher protective effect
against CVD. Hemorrhagic stroke and ischemic stroke were not analyzed separately in
this review; thus, given the etiology differences, it might be suspected that PA affects
hemorrhagic and ischemic stroke differently.
4. Possible mechanisms
Mechanisms underlying the effect of physical activity may include:
reduction of triglyceride and apolipoprotein B concentrations, increase of high density
lipoproteins and tissue plasminogen activator activity, and reduction of coronary artery
calcium, resulting in reduced risks of vascular diseases which carry the strongest
mortality risk (Ahmed, Blaha, Nasir, Rivera, & Blumenthal, 2012). Regular physical
activity also increases the endurance of cells and tissues to oxidative stress,
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vascularization, and energy metabolism (Radak et al, 2010; Reimers, Knapp, & Reimers,
2012).
Another plausible explanation for these observed reductions in ischemic stroke
risk may be that physical activity tends to lower BP and weight (Kokkinos et al., 1995;
Thompson et al., 2003); enhances vasodilation (Endres et al., 2003); improves glucose
tolerance (Dylewicz et al., 1999; Kohrt et al., 1993); and promotes cardiovascular health
(Thompson et al., 2003). Through lifestyle alteration, exercise can reduce the need for
more serious medical and pharmacological interventions or enhance treatment end points.
Hypertension and atherosclerosis are major causes of stroke (Bronner et al., 1995;
Murphy, 2000). There is a direct dose-response relationship between blood pressure and
stroke risk; physical activity lowers blood pressure and improves lipid profiles (Collins et
al., 1990;Wood et al., 1988). Physical activity also improves endothelial function, which
enhances vasodilation and vasomotor function in the vessels (Sherman, 2000).
Endothelial dysfunction has been associated with aging, smoking, and multiple chronic
disease states, including coronary artery disease, congestive heart failure, stroke, type 2
diabetes, hypertension, hypercholesterolemia, and obesity (Maiorana, O'Driscoll, Taylor,
& Green, 2003). In addition, physical activity can play a part in all of the following
pathways which might reduce cardiac and cerebral events: an antithrombotic role by
reducing blood viscosity, fibrinogen levels, and platelet aggregability; and by enhancing
fibrinolysis (Boman, Hellsten, Bruce, Hallmans, & Nilsson, 1994; Ernst, 1993; Gris et al.,
1990; Rauramaa et al., 1986). Exercise tends to decrease the aggregability of platelets
(Rauramaa et al., 1986); increase sensitivity to insulin (Putsch, Prasad, Gotto, & Putsch,
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1987); reduce weight; increase high-density lipoprotein cholesterol levels, and lower
blood pressure (Oberman, 1988).
Routine physical activity is also linked to improving psychological well-being
through reduced stress, anxiety, and depression. Psychological well-being is especially
important for the prevention and management of cardiovascular disease, but it also has
crucial implications for the prevention and management of other chronic diseases such as
stroke, hypertension, obesity, and depression (Warburton, Nicol, & Bredin, 2006).
G. Summary
Stroke is an international health problem with high combined human and
economic costs (Zhang et al., 2003). Many studies have focused on the pharmacologic
management, and though improved therapies for acute stroke have been proven
beneficial, they are also costly, require medical intervention, and may have adverse
effects. Consequently, primary prevention of stroke is considered to be the most effective
strategy in controlling stroke and its outcomes.
According to the above literature review, healthy lifestyle can reduce the risk of
stroke and lifestyle patterns based on combinations of multiple healthy lifestyle factors
which may be effective in lowering the risk of stroke.
In the review, stroke risk factors were classified as modifiable and nonmodifiable. The non-modifiable risk factors include age, sex, ethnicity/race, and family
history. Stroke risk varies according to differences in these factors. Modifiable risk
factors reviewed and summarized include hypertension; diabetes; hyperlipidemia; atrial
fibrillation; smoking; obesity; and carotid artery disease, with an emphasis on fruit and
vegetable consumption and physical activity. The clinical findings of these factors are
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clearly behavioral-related and may be influenced by a change in nutrition and physical
activity.
Consumption of vegetables and fruit in relation to the risk of stroke was
summarized in 2 meta-analyses studies (Dauchet et al., 2005; F. J. He et ah, 2006). In the
first meta-analysis, which included 7 cohort studies, the risk of stroke was reduced by
11% per portion of fruit per day, by 5% for vegetables and fruit, and by 3% for
vegetables (Dauchet et ah, 2005). A linear dose-response relation was also observed. In
the second meta-analysis with 9 individual cohort studies (F. J. He et ah, 2006),
compared with individuals with an intake of vegetables and fruit of <3 portions per day,
subjects with 3-5 portions per day and with >5 portions per day had a significantly lower
risk of stroke with no mention of a dose-response relationship. These results were
confirmed by a cohort study published after the two meta-analyses. In this Japanese
study, higher fruit consumption was associated with a significantly lower risk of stroke
(comparison of the highest with the lowest quintile of consumption) (Nagura et al.,
2009); however, there was no significant relation between the intake of vegetables and
the risk of stroke. Overall, the available data from the literature indicate a stroke riskreducing effect of vegetable and fruit consumption. This is also reflected in current
dietary recommendations of the European Society of Cardiology (Graham et al., 2007)
and the American Heart Association (Goldstein et al., 2011).
Commonly, epidemiological studies of dietary intake describe their findings in
terms of the change in risk of death or disease, corresponding to different levels of
consumption with no clear dose-response data reported. Therefore, no distinction can be
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made between studies on populations with differing levels of consumption, which could
be important if the dose-response relationship is far from linear.
Also, the data on actual intake within each category are not consistently reported
in the epidemiological literature. Additional questions need to be considered in
interpreting the observed effect, in addition to the considerations of data quality, selection
effects, and statistical power that are common to all epidemiological studies. Dispersion
of consumption levels within the population is one; if there were no variation in intake, it
would be impossible to demonstrate an association with disease rates. The choice of the
number of quantiles is another, since as with smaller divisions the extremes are more
widely separated and can therefore be expected to have an effect that is further from unity
(Joffe & Robertson, 2001).
Most studies combine fruits and vegetables together with no distinction between
raw and processed in the analyses or it was not reported. Also, there were no
recommendations whether fruit or vegetables should be eaten as raw or processed.
Overall there is strong evidence that physical activity is associated with a reduced
risk for stroke. Although in comparison to cardiovascular disease, there is more
variability in the risk reductions in stroke in the highest activity/fitness group, an average
risk reduction of 31% has been reported. The risk reductions appear to be even greater in
studies that assessed physical fitness directly (C. D. Lee et al., 2003). The dose-response
relationship is extremely variable among studies, varying according to the type of stroke,
i.e., ischemic or hemorrhagic. For instance, in a review study only, 12 studies (46%)
revealed a dose-response relationship in one or more measures of occupational and/or
leisure-time physical activity and the risk for stroke (Warburton, Charlesworth, Ivey,
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Nettlefold, & Bredin, 2010). It is also difficult to determine the minimal and optimal
physical activity dosage for the prevention of stroke. Brisk walking has been associated
with a lower risk of total and ischemic stroke (F. B. Hu et ah, 2000), but further research
is needed to clearly determine the risk reductions at exercise volumes (1000 kcal/wk).
Both physically active men and women have a lower risk of stroke, and it appears that
this benefit may be present for both ischemic and hemorrhagic stroke. The relationship
between physical activity and stroke appears to be consistent between men and women.
In most studies, while studies including women were included, the data for men and
women were not evaluated separately, and the types of activities were not addressed.
There are still controversies regarding the type (occupational or leisure), intensity and
amount of time spent for activities such as walking compared to other vigorous exercise
activities. Unfortunately, relatively limited data exists in non-Caucasian populations
(Warburton et ah, 2010).

39

CHAPTER 3
METHODS
A. Population
A total of 34,198 white non-Hispanic individuals who responded to the lifestyle
questionnaire became the cohort for the AHS-1. This cohort was followed closely for 12
years from 1976 to 1988 for all-cause mortality. Participants completed an extensive
lifestyle questionnaire consisting of demographics, anthropometries data, exercise
patterns, alcohol and tobacco consumption, occupation, current and past dietary habits,
parental history of cancer, and history of selected medical conditions. (Beeson, Mills,
Phillips, Andress, & Fraser, 1989)
B. Follow-up and ascertainment of stroke death
Fatal stroke cases were tracked and identified by record linkage with the
California death certificate files and the National Death Index. Church records were also
utilized to identify study subjects who had died during follow-up. The validity of the
record linkage procedure in this study has been evaluated and it showed that only 3 to 4
percent of deaths were not ascertained.( Beeson, 1990) After death certificates were
obtained, an experienced nosologist, blinded to study subject lifestyle, assigned the
International Classification of Diseases, Ninth revision (ICD-9) codes for immediate and
underlying cause of death. Subarachnoid hemorrhage cases (ICD9, 430) were excluded
from the analysis due to both a small number of cases (15) and the fact that they are
usually the result of a congenital arteriovenous malformation (AVM); in addition, there is
little, if any, evidence relating diet to subarachnoid hemorrhage. During the 12 years of
follow-up, a total of 434 (1.4% of all study subjects) fatal strokes occurred among 31,074
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subjects. Of the 434 fatal strokes, 12 % were intracerebral hemorrhage, other and
unspecified intracranial hemorrhage (ICD9 431-432), 16.4 % cerebral infarction (ICD9
433-434), and 71.6 % were acute but ill-defined, other and ill-defined cerebrovascular
disease (ICD9 436-437). The study end point was cerebrovascular disease (ICD-9: 431434 and 436-437, n=434) as the underlying cause of death noted on the death certificate.
Subarachnoid hemorrhage (ICD9: 430, n=15), transient cerebral ischemia (ICD9: 435, n=
3), and late effect cerebrovascular (ICD9: 438, n=12) cases were not included in the final
analytical file. The final analytical file thus consists of 434 fatal stroke cases and 30,640
subjects without fatal stroke.
C. Objective
The general aim of this study was to investigate the independent relationship
between diet and physical activity and stroke mortality. The specific aims were as
follows:
1) To evaluate the relationship between consumption of fresh fruit, vegetables and
stroke mortality, and to assess the effect of raw/fresh fruit consumption compared to
processed fruits (frozen, canned and dried), total physical activity, and stroke
mortality;
2) To evaluate work and leisure type physical activity and stroke mortality and to
compare the gender specific relationship between physical activity and risk of fatal
stroke.
D. Diet Assessment
The lifestyle questionnaire, mailed to participants in 1976, included items on
demographic characteristics, anthropometric data, dietary intake, physical activity level,
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psychosocial factors, medication use (including aspirin/Bufferin intake), and self-reported
physician diagnosed disease history (including coronary heart disease, stroke, high blood
pressure [BP], and diabetes), alcohol use, and smoking. Dietary data were collected using
a pretested, 20 page semiquantitative questionnaire containing 55 questions on foods and
food groups, along with 10 other qualitative questions.
The validity of the food frequency questionnaire was assessed by comparison
with a detailed dietary sub-study conducted on a random sample of 147 local study
subjects (Fraser, Sabate, Beeson, & Strahan, 1992). The participants completed a food
frequency / portion size questionnaire containing questions identical to those
subsequently used in the study. They also provided dietary information on five 24-hour
dietary recalls on random days over a 3-month period, including both weekdays and
weekends. The average of the 24-hour dietary recalls was used as the gold standard to
calculate the correlation coefficients between the corresponding food frequency and 24hour recall items. The corresponding correlation coefficients were corrected for error and
were also log transformed to improve normality (Beaton et al., 1979). The validity
results are comparable with other similar studies (Pietinen et al., 1988; Willett et al.,
1985).
Information on vegetable intake on the questionnaire was limited to tomatoes.
green salad, and cooked green vegetables. Fruit items included: canned or frozen fruit;
dried (raisins, dates, etc.); fresh citrus (not juice); winter (fresh fruit commonly available
in winter, such as apples, bananas, pears, etc.); and other fresh fruits. The questionnaire
also included questions on intake of fruit drinks (sugared flavored fruit drinks such as High C, gape drink, etc.), sweetened real fruit juice, and unsweetened real fruit juice.
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Each fruit and vegetable item on the questionnaire had 8 pre-coded categories: “never”;
“less than once per month”; “1-2 times per month”; “1-2 times per week”; “3-4 times per
week”; “5-6 times per week”; “once per day”; and “more than once per day.”
A fresh fruit index was created by first summing the frequency of intake for all
fresh winter, fresh citrus, and other fresh fruits, then combining the sums into categories.
The fresh fruit index categories consisted of three levels: “Never to < 3 times per week”;
“3 times per week to 1-2 times per day”; and “> 2 times per day.” Likewise, a total meat
index was constructed using the summed frequency of five items on beef, poultry, fish
and pork consumption and the response to a single question on frequency of overall meat
consumption. The meat intake index was used to classify subjects as vegetarian (meat
intake <1 time/week) and non-vegetarian (meat intake >1 time/week).
E. Physical Activity Assessment
A physical activity index was created from the response to items on vigorous
leisure-time and occupational activities questions. The first question was, “outside of
your usual work or daily activities, do you usually get at least 15 minutes of vigorous
exercise three or more times per week?” There followed a list of possible vigorous
activities for the subject to check if he or she undertook these at least three times per
week for 15 minutes on each occasion. Based on the estimated energy expenditure and if
the exercise time was 15 minutes or more, leisure time exercise was divided into different
levels. Additionally, individuals were classified based on their most vigorous type of
leisure exercise. A “run-swim” group included activities such as “running or jogging,”
“vigorous hiking or outdoor walking,” and “bicycling and/or swimming” for 15 minutes
or more. The “tennis-garden” group included “tennis,” “vigorous gardening or home
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maintenance,” and other activities not mentioned above for 15 minutes or more (provided
that subjects did not also report “run-swim” activities). Individuals who did not indicate
any leisure activities were classified into the “none” group.
The second question was, “Do your usual daily work or responsibilities involve
vigorous activities similar to those listed in the previous question?” Possible responses
were “very often”; “frequently”; “occasionally”; and “rarely or never.” “High exercise”
reflects a high occupational and/or high leisure activity status. “Moderate exercise”
includes moderate leisure activity, and low or moderate occupational activity, or low
leisure activity but moderate occupational activity. “Low exercise” designates subjects
with both low leisure and occupational activities.
To form the physical activity index the new occupational exercise and leisure time
scales were cross-classified. The index classified subjects into a "high" category for
frequent (>15 minutes per session, >3 times per week) participation in vigorous activity,
a "moderate" category for less frequent (15 minutes per session, >3 times per week)
participation in vigorous activity, a "low" category for a (<15 minutes per session,< 3
times per week) response to vigorous activity items, and a "none/slight" category for a
"rarely or never" response to vigorous activity items
F. Statistical Analysis and Model Development
Baseline characteristics and the main effect relationship were examined by chisquare and ANOVA test statistics. The association between the main effect and stroke
mortality was examined using Cox proportional hazard regression analysis with attained
age (in years) as the time variable. To adjust for the most important potential co-variables
or effect-modifying factors, we used the change-in-estimate method.
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Fresh fruits: A basic model was formed excluding subjects with baseline reported
physician diagnosed stroke, diabetes and CHD, and controlling for prevalence of
hypertension, gender, BMI, smoking status, education level, exercise and a priori
variables (canned or frozen fruits, dry fruits, sweetened and unsweetened real fruit juice,
cooked green vegetables, green salad, and tomatoes).
The basic model was then extended to a full model with the following covariates
that changed the highest level of the main effect by 10% or more: whole milk, coffee,
nuts intake, sweets/desserts, and use of aspirin.
For sensitivity analyses we repeated the above model in an analysis including
subjects who at baseline reported a history of physician diagnosed CHD and diabetes.
Additional analysis included separate Cox models stratified by sex and vegetarian status,
and analyses that included product terms to assess possible effect modification by these
variables (results not statistically significant).
Physical activity: The initial model was developed by controlling for established
confounding variables: age, sex, BMI, smoking status, education level, diabetes, coronary
heart disease, and high blood pressure, and then additionally for aspirin use and fresh
fruit index. Physical activity levels 2 and 3 (low and moderate) re-categorized into a
single category as the numbers of events in these categories were small and the analyses
were repeated. Different Cox PH models were examined by specific type of physical
activity (work and leisure). Sex-specific as well as combined analyses were performed.
Sex specific models were run with sensitivity analysis including only postmenopausal
women controlling for hormone replacement therapy.

45

The proportional hazards model assumption in the Cox PH models was evaluated
both by temporarily inserting interaction terms of the product of main effect and other
covariates with the log of the time variable and by visual inspection of the log-log plots.
A multivariable test for trends was performed by replacing the indicator variables in each
multivariate model with a single original (continuous) variable representing the median
values of the questionnaire categories for that variable. A Wald chi square value was
computed for this regression coefficient to determine its significance. Throughout the
analysis, all hazard ratios were estimated with 95% CL All statistical tests were two-sided
with a < 0.05 for statistical significance. SAS (Statistical Analysis System version 9.2)
was used for all analyses.
G. Summary and Conclusion
The result from this study has been reported in the two publishable papers in
chapters 4 and 5. Our study results suggest an inverse association between fresh
fruit/vegetable' intake and fatal stroke, as well as between physical activity and stroke
mortality in this population. Briefly, the results from the first study shows that compared
to very low fresh fruits intake (< 3 times/week), consumption of fresh fruits > 2 times/day
was inversely associated with stroke mortality hazard ratio after adjusting for baseline
prevalence of hypertension, age, gender, body mass index (BMI), smoking status,
education level, exercise, intake of nuts, sweets-desserts, sugar and fruit flavored drinks,
whole milk, coffee, and aspirin use. In the second study, all levels (high, middle, and
low) of physical activity (PA) compared to none and/or slight PA showed a protective
effect with the middle category the most protective after adjusting for important risk
factors.
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To minimize the potential bias, we excluded from the analyses those who reported
major diseases at baseline. In addition, we had consistent results from the sensitivity
analysis, including participants without baseline stroke comorbidities. The evaluation of
important covariates at baseline allowed for the adjustment of risk factors related to
stroke mortality. In addition, the different types of physical activity (work and leisure)
were assessed to investigate their independent effects. Similarly, we were able to
compare fresh fruits to different types of processed fruits (canned or frozen, dry, juice).
Limitations which must be considered when interpreting our findings include the
fact that we used self-reported information on both physical activity and fruit and
vegetable consumption. Self-reporting measures have inherent measurement errors. A
systematic error reporting, no responses, and missing variables may influence our results.
We also recognize that this study includes our inability to rule out the possible effects of
unmeasured confounders.
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CHAPTER 4
FIRST PUBLISHABLE PAPER
Fresh and Processed Fruit Intake and Stroke Mortality: Results from
the Adventist Health Study-1
Manuscript I, entitled “Fresh and Processed Fruit Intake and Stroke Mortality:
Results from the Adventist Health Study-F’ describes the association between fresh and
processed fruit and vegetable consumption and stroke mortality in the Adventist Health
Study-1.
The abstract was accepted in the American College of Epidemiology, 2010, ACED-10-00029. The manuscript was submitted to the British Journal of Nutrition in August,
2011, No. BJ-2011-017288; editorial comments have been incorporated in the following
pages. The article is in preparation to be submitted to the same journal soon.
For Submission to: British Journal of Nutrition
*Note: The format and referencing style of this chapter is in accordance with journal
formatting guidelines as required by journal specifications and is not in accordance with
dissertation guidelines.
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ABSTRACT
Intake of fruit and vegetables has been reported as protective for stroke in different
studies. The protective effect of fruit varies and may be affected by food processing,
storage, and cooking. This study examined the effect of fresh and processed fruit intake
on stroke mortality. A cohort of 34,198 non-Hispanic white subjects aged 25-100 who
completed a baseline lifestyle questionnaire in the Adventist Health Study-1 were
followed for 12 years. A total of 434 fatal strokes were identified by record linkage with
the California death certificate files and the National Death Index froml976 through
1988. The independent effects of a priori dietary factors were assessed using the Cox
proportional-hazards model. Compared to very low consumption (< 3 times/week),
consumption of fresh fruits > 2 times/day was inversely associated with stroke mortality
(hazard ratio (HR) 0.48, 95% Cl 0.25, 0.91,/?-trend = 0.032) after adjusting for baseline
prevalence of hypertension, age, gender, body mass index (BMI), smoking status,
education level, exercise, intake of nuts, sweets-desserts, sugar and fruit flavored drinks,
whole milk, coffee, and aspirin use. Processed fruit such as dried, canned or frozen fruits
and sweetened and unsweetened real fruit juice were not related to stroke mortality.
Sensitivity analysis, in which subjects with prevalent coronary heart disease (CHD) and
diabetes at baseline were included, did not substantially change the hazard ratio (HR:
0.56, 95% Cl 0.32, 0.98 p-trend = 0.055). We concluded that compared to processed
fruits, fresh fruit consumption may be associated with reduced risk of fatal stroke in this
population.
Key words: fresh fruits, vegetables, stroke mortality, ischemic stroke
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INTRODUCTION
The U.S. Department of Health and Human Services’(DHHS) Healthy People
2010 objectives for fruits and vegetables intake included targets of increasing daily fruit
servings of two or more and daily vegetables servings to three or more. To evaluate
states' progress over the past decade, the Centers for Disease Control and Prevention
(CDC) analyzed data from the Behavioral Risk Factor Surveillance System (BRFSS).
Results indicate that 2009 overall and state-specific estimates of the proportions of U.S.
adults consuming fruit two or more times per day or vegetables three or more times per
day were far short of the targets set by Healthy People 2010. 1 A diet high in fruits and
vegetables can reduce the risk for many leading causes of death including stroke2'8. Most
of the prospective cohort studies

7, 9-12

and two meta-analysis studies have identified a

significantly lower risk of stroke among those with the highest intake of fruits and
TIT

vegetables ’ . Even though a few studies have compared subcategories of fruit and
vegetables in relation to stroke, 7. 10, 12 only one study has evaluated the relationship
between fresh and processed fruits separately.14 The authors of the study have not
reported and/or made any distinction between type of processed fruits (i.e. juice, canned,
dry) and stroke. Most vegetables and fruits are major contributors of a number of
nutrients that are under consumed in the US, including folate, magnesium, potassium,
dietary fiber, and vitamins A, C, and K.2 Freezing, canning and drying all serve to
transfonn fresh fruits and vegetables into products that can be safely transported and
consumed year round. Depending on how processing is carried out, it may result in
changes in structure, color, texture, flavor, loss of nutrients, and nutritional quality.
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The aim of this study is to take a further step in investigating and distinguishing
between the type of processed fruits and the risk of stroke mortality in an Adventist
population with a wide variety of dietary practices,17 including intake of fruits and
vegetables.
METHODS
Materials and Methods
The Adventist Health Study 1 (AHS-1) began in 1974 with the initial mailing of
census questionnaires to all Adventist households in the state of California which were
identified via church records. In 1976, a more extensive lifestyle questionnaire was sent
to 59,081 Adventists over the age of 25, of whom about 50% are lacto-ovo-vegetarians.
Details of this census and the mailed lifestyle questionnaire have been described
elsewhere18. A total of 34,198 white non-Hispanic individuals who responded to the
lifestyle questionnaire became the cohort for the AHS-1. All AHS-1 study subjects were
residents of California at baseline, although some moved out of state during follow-up.
The cohort was followed closely for 12 years from 1976 to 1988 for all-cause mortality.
Follow-up and ascertainment of stroke death
Fatal stroke cases in this study were tracked and identified by record linkage with
the California death certificate files and the National Death Index. Church records were
also utilized to identify study subjects who had died during follow-up. The validity of the
record linkage procedure in this study has been evaluated and it showed that only 3 to 4
percent of deaths were not ascertained19. After death certificates were obtained, an
experienced nosologist blinded to study subject lifestyle, including diet, assigned the
51

International Classification of Diseases, Ninth revision (ICD-9) codes for immediate and
underlying cause of death. Subarachnoid hemorrhage cases (ICD9, 430) were excluded
from the analysis due to both a small number of cases (15) and the fact that they are
usually the result of a congenital arteriovenous malformation (AVM) and there is little, if
any, evidence relating diet to subarachnoid hemorrhage. During the 12 years of follow
up, a total of 434 (1.4% of all study subjects) fatal strokes occurred among 31,074
subjects. Of the 434 fatal strokes, 12 % were intracerebral hemorrhage, other and
unspecified intracranial hemorrhage (ICD9 431-432), 16.4 % cerebral infarction (ICD9
433-434), and 71.6 % were acute but ill-defined, other and ill-defined cerebrovascular
disease (ICD9 436-437) (Table 1). Since the death certificates frequently did not
differentiate between the subtypes we combined the rest into the last category. The final
analytical file consists of 434 fatal stroke cases and 30,640 subjects without fatal stroke.
Dietary Assessment
The 1976 mailed lifestyle questionnaire included items on demographic
characteristics, anthropometric data, dietary intake, physical activity level, psychosocial
factors, medication use (including aspirin/Bufferin intake), and self-reported physician
diagnosed disease history, including coronary heart disease, stroke, high blood pressure
(BP), and diabetes, as well as alcohol use and smoking. Dietary data were collected using
a pretested 20 semiquantitative questionnaire containing 55 questions on foods and food
groups, along with 10 other qualitative questions.
The validity of our food frequency questionnaire was assessed by comparison
with a detailed dietary substudy conducted on a random sample of 147 local study
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subjects. 21 The participants completed a food frequency/ portion size questionnaire
containing questions identical to those subsequently used in the study. They also
provided dietary information on five 24-hour dietary recalls on random days over a 3month period, including both weekdays and weekends. The average of the 24-hour
dietary recalls was used as the gold standard to calculate the correlation coefficients
between the corresponding food frequency and 24-hour recall items. The corresponding
correlation coefficients were corrected for error and were also log transformed to improve
22

normality . The validity results are comparable with other similar studies 23-24
Information on vegetable intake on the questionnaire was limited to tomatoes, green
salad, and cooked green vegetables. Fruit items included: canned or frozen fruit, dried
(raisins, dates, etc.), fresh citrus (not juice), winter (fresh fruit commonly available in
winter, such as apples, bananas, pears, etc.), and other fresh fruits. The questionnaire also
included questions on intake of fruit drinks (sugared flavored fruit drinks such as -High
C, and grape drink, etc.), sweetened real fruit juice, and unsweetened real fruit juice.
Each fruit and vegetable item on the questionnaire had 8 pre-coded categories: “never”;
“less than once per month”; “1-2 times per month”; “1-2 times per week”; “3-4 times per
week”; “5-6 times per week”; “once per day”; and “more than once per day.”
A fresh fruit index was created by first summing the frequency of intake
for all fresh winter, fresh citrus, and other fresh fruits and then combining the sums into
categories. The fresh fruit index categories consisted of three levels: “Never to < 3 times
per week”; “3 times per week to 1-2 times per day”; and “> 2 times per day.” Likewise, a
total meat index was constructed using the summed frequency of five items on beef,
poultry, fish and pork consumption and the response to a single question on frequency of
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overall meat consumption. The meat intake index was used to classify subjects as
vegetarian (meat intake <1 time/week) and non-vegetarian (meat intake >1 time/week).
STATISTICAL ANALYSIS
The study end point was cerebrovascular disease (ICD-9: 431-434 and 436-437)
as the underlying cause of death noted on the death certificate. Subarachnoid hemorrhage
(ICD9: 430, n=T5), transient cerebral ischemia (ICD9:435, n= 3) and late effect
cerebrovascular (ICD9: 438, n=T2) cases were not included in the final analytical file. In
addition, those with unknown self-reported history or with prevalent, self-reported stroke
at baseline were excluded. Univariate baseline characteristics and the main effect
relationship were examined by chi-square and ANOVA test statistics.
The association between the main effect and stroke mortality was examined using
Cox proportional hazard regression analysis. The various foods were recoded into three
categories based on meaningful frequency-based intakes for this population. A basic
model was developed which included gender, BMI (measured in kg/m2] (underweight <
18.5, normal 18.5-24.9, overweight 25.0-29.9, and obese 30.0 +); smoking status (never
vs. current and ever; due to small numbers, past and current smokers were combined;
total exercise (none/slight, low, moderate, high); education level (high school graduate or
less, some college, college grad and higher); and the three levels of fresh fruit intake.
Hazard ratios for the frequency-based categories of the appropriate dummy variables
listed above and for the middle and high fresh fruit index relative to the lowest level of
intake were computed from the proportional hazard regression with attained age (in
years) as the time variable.
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In fitting the multivariate model, we identified and evaluated all the available
potential confounding or effect-modifying factors based on the literature review and
earlier publications from this cohort.
To adjust for the most important variables, first we used the change-in-estimate
method, in which variables were selected on the basis of changes in the hazard ratio of
the highest level of main effect in a model25'26. Beside fruit index, gender, BMI, smoking
status, education level, and exercise, other variables in these models included vegetarian
status, nut intake, water, whole bread, sweets/desserts, sugared flavored fruit drinks,
donuts, whole milk, coffee, dried or canned beans, and aspirin use. A basic model was
formed excluding subjects with baseline reported physician diagnosed diabetes and CHD,
and controlling for prevalence of hypertension, gender, BMI, smoking status, education
level, exercise and a priori variables (canned or frozen fruits, dry fruits, sweetened and
unsweetened real fruit juice, cooked green vegetables, green salad, and tomatoes). The
basic model was then extended to a full model with the following covariates that changed
the highest level of the main effect by 10% or more: whole milk, coffee, nuts intake,
sweets/desserts, and use of aspirin.
For sensitivity analyses we repeated the above model in an analysis, including
subjects who at baseline reported a history of physician diagnosed CHD and diabetes.
Additional analysis included separate Cox models stratified by sex and vegetarian status,
and analyses that included product terms to assess possible effect modification by these
variables (results not statistically significant and not shown).
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The proportional hazards model assumption in the Cox models was evaluated
both by temporarily inserting interaction terms of the product of main effect and other
covariates with the log of the time variable and by visual inspection of the log-log plots.
A multivariate test for trend was performed by replacing the indicator variables in each
multivariate model with a single original (continuous) variable representing the median
values of the questionnaire categories for that food. A Wald chi-square value was
computed for this regression coefficient. Throughout the analysis, all hazard ratios were
estimated with 95% confidence intervals (Cl). All statistical tests were two-sided with a
- 0.05 and the analyses were performed by using SAS 9 (SAS Institute Inc., Cary, NC,
USA).
RESULTS
The general characteristics of the cohort are as follows: mean age of 53.1 years
with a standard deviation (SD) of 16.4; 58.9 % were females; and average duration of
education was 13.7 years. Only 24.4% were past or current smokers.
Unadjusted baseline characteristics in the total population according to fatal
stroke status are as follows: in comparison to the non-cases, the fatal stroke cases were
older, mostly female, less educated, and consumed whole-fat milk and sugared flavored
fruit drinks more frequently than non-cases, while intake of meat, coffee and
sweets/desserts was lower than in the non-cases. As expected, the prevalence of
hypertension, diabetes, and coronary heart disease was greater in cases than non-cases.
Those in the highest category intake of fresh fruit index (> 2 times per day) had a
greater proportion of females, were older, had lower BMI, had higher physical activity
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levels, higher educational levels, and a higher proportion of never smokers.
Approximately 81% of the fatal stroke cases were never smokers compared with 75% of
the non-fatal cases (Table 2).
In the basic model, we observed a protective effect (HR: 0.63, 95% Cl: 0.34,
1.15, p-trend- 0.07) for highest consumption of fresh fruit (> 2 X / day) adjusted for
prevalent hypertension, age, sex, BMI, smoking status, education and exercise, when
excluding subjects with history of physician diagnosed diabetes, CHD, and stroke (Table
3, Model 1).
With the addition of the covariates that changed the highest level of the main
effect by 10% or more (nut intake, sweets-desserts, sugared flavored fruit drinks, whole
milk, coffee, and aspirin use) to the basic model, the protective effect of fresh fruit
became statistically significant (HR: 0.48, 95% Cl 0.25, 0.91) with a significant (p
trend-0.03) dose response relationship (Table 3, model 2). Although not statistically
significant, cooked green vegetables also showed a protective effect against risk of stroke
mortality (HR: 0.83, 95% Cl 0.40, 1.76). Canned or frozen fruits, dried fruits, sweetened
and unsweetened real fruit juice did not have any effect on risk of stroke mortality.
In the sensitivity analysis, which included subjects with self-reported history of
coronary heart disease (CHD) and diabetes at baseline, high intake of fresh fruits (> 2 X /
day) compared to very low fresh fruit intake (i.e., never to < 3 / week), remained
statistically significant (HR: 0.56, 95% Cl 0.32, 0.98) with a marginally significant (p
trend = 0.05) dose response relationship (results not shown).
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DISCUSSION AND SUMMARY
In this 12-year follow up study, we observed an inverse association between fresh
fruit intake and stroke mortality. Our findings are consistent with previous cohort
studies7’9'10,12’27"28? along with two meta-analyses studies4,13.1 n the First National
Health and Nutrition Examination Survey Epidemiologic Follow-up Study (NHEFS),
Bazzano et al. reported a relative risk (RR) of 0.58 (95% Cl 0.33, 1.02) for the highest
category of fruit and vegetable intake (> 3 times/day) compared to < 1 time/day for stroke
mortality9. In a large pooled analysis of the Nurses’ Health Study and the Health
Professional Follow-up Study, Joshipura et al. reported a RR of 0.69 (95% Cl 0.52, 0.91)
for the highest quintile of fruit intake (median servings/day: men, 4.54; women, 4.33) for
risk of ischemic stroke compared with those in the lowest quintile (median servings/day:
men, 0.72; women, 0.86)7. Thus, the protective effect of fruit intake is quite similar
across cohorts in the US.
Fruit and vegetables may influence the risk of stroke via several mechanisms due
to their rich nutrient content. The potential protective effects of fruits and vegetables may
be due to their folate, fiber, potassium, and antioxidant (vitamin C, B-carotene,
flavonoids) content, as well as other nutrients that have been studied in relation to
stroke 10. 29-32
Since high BP is the major cause of stroke, the BP-lowering effect of the various
nutrients in fruits and vegetables could be one of the main mechanisms contributing to
the protective effect associated with stroke incidence and mortality. Since the AHS-1
cohort was created via a mailed enrollment questionnaire, we did not have BP
measurements on the study population to evaluate this possibility. However, in a
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randomized trial, increasing fruit and vegetable consumption contributed to a subsequent
rise in 24-hour urinary potassium excretion and reduced BP33. Several prospective cohort
studies have observed lower incidence of stroke with higher dietary potassium 29, 32,34-36
The role of magnesium is also a factor in the stroke reducing association with fruits and
vegetable intake. In some cohort studies among both women and men, dietary
magnesium was inversely associated with incidence of stroke, particularly ischemic
29 36

stroke ' . Results from both randomized trials and observational studies have reported
an inverse association between magnesium consumption and BP3741. Fiber could be
another possible beneficial nutrient component of fruits and vegetables contributing to
the reduction in stroke risk by lowering BP39. High plasma vitamin C has also been
associated with a reduced risk of stroke among hypertensive men in a population based
cohort study42.
Although greater fruit and vegetable intake is consistently associated with lower
BP levels and lower risk of stroke, additional evidence suggests that other effects of these
foods could also mediate protection, in particular through their ability to reduce
atherosclerosis.
For example, results from experimental animal studies show that the inverse
relation between potassium intake and stroke incidence and mortality remained present
even after adjusting for both BP levels and prevalent hypertension43'46. This suggests a
direct effect of potassium independent of its effect on BP such as inhibitory effects on
free-radical formation, vascular smooth muscle proliferation, and thus on arterial
thrombosis . Others have reported that a high potassium diet reduces endothelial
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injuries, thus reducing adherence and infiltration of macrophages into the vascular wall
and thereby contributing to the reduction of vascular lesions and stroke mortality47.
Folate is another possible beneficial nutrient in fruits and vegetables that has been
the focus in several studies, relating plasma homocysteine levels with risk of stroke48'50.
Results from a meta-analysis and a community atherosclerosis study performed in Hong
Kong have shown that high dietary folate may lower serum homocysteine levels, a
potential risk factor for arterial endothelial dysfunction'1^2.
Antioxidants are another group of potential mediators of the beneficial effects of
fruit and vegetable consumption in preventing atherogenesis and its progression mainly
by increasing plasma antioxidants, thereby reducing the level of oxidized low density
lipoproteins (LDL) 53-54 . However, there are conflicting results when it comes to
epidemiologic studies that examined the relation between antioxidant vitamins and stroke
incidence or mortality. Despite evidence from observational studies showing a decreased
risk of stroke with increased dietary antioxidant intake, randomized trials with antioxidant
vitamin supplementation and high plasma antioxidant concentrations 31,55-56 have
generally not demonstrated a beneficial effect on risk of stroke. This is the case both for
supplementation with B-carotene and other antioxidant vitamins 37. 57-58 . Although the
intake of fresh fruits and vegetables lowers BP and is associated with lower stroke risk,
the relationship between individual dietary or supplement vitamins and antioxidants with
stroke risk is less well established. One plausible explanation may be that individual
antioxidants may lack activity by themselves. They may need the mixture of
phytochemicals contained in whole fresh fruits and vegetables in order to be efficacious.
Or, the antioxidant in question may be just a marker for other protective dietary factors
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found in these foods. Furthermore, attempts to classify fruits and vegetables by amounts
of specific constituents and micronutrients may be problematic and challenging. Thus,
linking foods or food groups to outcomes may be as important as nutrient-disease
relationships.
Compared to dried, canned/frozen fruits and real fruit juice, fresh fruit was the
only fruit group for which we found a significant protective effect. This may potentially
be explained by the decline in total antioxidant (serving as sacrificial antioxidants to
damaging oxidants in the body) and loss of vitamins and nutrients through oxidation,
especially during the thermal processing often associated with canning and pre-freezing 15,
59-60

Due to the limited number of vegetables on the food frequency questionnaire no
vegetable index was created. Cooked green vegetables did not show a statistically
significant association, although the hazard ratio showed a protective effect for those
consuming more than five times per week. This finding is consistent with other studies7,9’
27

. One possible reason for our findings may be that cooking vegetables could alter the

properties of some nutrients such as thermo-labile vitamins, i.e., B vitamins, and ascorbic
acid (vitamin C). Better quantity and quality of the antioxidants in fruits compared to
those in vegetables61 may be another reason for fruits having a better protective effect
than vegetables in reducing the risk of chronic diseases, although our baseline
questionnaire did not have a good selection of vegetable intake questions.
Due to limited funds, this study does not have additional years of mortality
follow-up; however, the long 12 year follow up of the cohort with dietary habits being
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recorded before the stroke outcome provided an adequate number for stroke mortality
analyses. Also the Adventist population in this study is suitable for testing diet-disease
relationships due to the large variation in dietary habits (i.e., vegans to omnivores), but
homogeneity with regard to certain other characteristics relevant to stroke risk (e.g. very
low use of alcohol and essentially an absence of current tobacco use). These factors
should both increase statistical power62 and reduce confounding.
Although the statistically significant protective association was observed after
adjusting for classic risk factors suggesting a specific effect of fresh fruit and vegetables
on stroke mortality, the observational nature of this study and the measurement error
inherent in a questionnaire of dietary intake assessed only at baseline limits causal
interpretation. A potential weakness of this study comes from the use of mortality data.
The known inaccuracies in death certification, particularly in elderly people, mean that
some cases may be misclassified. This would, however, be non-differential
misclassification and bias our results towards the null.
Another weakness was the inability to differentiate between ischemic and
hemorrhagic stroke, since the majority of stroke deaths in this study were classified as
acute but ill-defined cerebrovascular type. If fresh fruit and vegetables specifically
protect against one type of stroke, this lack of specificity would tend to bias our results
toward the null. The lifestyle questionnaire generally did not ask for the portion size of a
particular food item ingested. The absence of information on portion size and the limited
number of foods included in the questionnaire meant that total energy intake could not be
calculated or adjusted for in the analysis. This, however, is of less importance when
investigating foods rather than nutrients.
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It is possible that study participants may have changed behavior and exposures at
some point after completing the baseline lifestyle questionnaire; this could increase errors
in exposure measurement. In particular, such changes could have taken place after
receiving a diagnosis of intermediate endpoints such as diabetes, hypertension, and
CHD . However, in a prospective study systematic measurement error in the assessment
of fresh fruit and vegetable intake is unlikely to be associated with stroke mortality, but
would be more likely to be non-differential misclassification and thus would tend to bias
the results toward the null. Therefore the true effect of fruit intake on risk of stroke
mortality may be even greater than what we have reported.
In conclusion, our results suggest that daily consumption of fresh fruits is
associated with lower risk of fatal stroke. The association shows a dose-response effect
for total stroke mortality. Due to small numbers and lack of specificity in assessing type
of stroke (ischemic vs. hemorrhagic) we were not able to investigate the effect of fruit
intake on various subtypes of stroke. Future research needs to clarify different fruit group
types (processed and fresh) and the mechanisms through which a high intake of fresh
fruits and vegetables may protect against stroke. Future analyses using incident stroke
rather than fatal stroke may also clarify the observed associations.
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Table 4.1 Distribution of cerebrovascular deaths by type of assigned ICD 9 codes,
Adventist Health Study -1 (1976-1988)
Type of cerebrovascular
disease*
Intracerebral hemorrhage

Assigned ICD Codes 9th
revision

n

%

431,432

52

12.0

Cerebral infarction

433,434

71

16.4

Other cerebrovascular diseasest
436, 437
71.6
311
* Excluding known and unknown self-reported history of stroke
t Other cerebrovascular diseases: Acute but ill-defined cerebrovascular and other illdefined cerebrovascular
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Table 4.2 Frequency distribution of baseline risk factor characteristics of the cohort
participants according to frequency of fresh fruit intake
<3 XAVeek
Age, Year mean (SD)

48.4
(16.3)
25.1 (4.4)

3 X/Week to 2X
/Pay
51.4(15.9)

>2 X/Day

P Value

55.6
(15.7)
24.1 (4.2)

<0.0001*

BMI, kg/m2 Mean (SD)
24,6(4.3)
Percent (%)
Sex
Female
47.8
56.7
66.1
Men
52.2
43.3
33.9
Exercise
None/Slight
40.1
30.4
22.5
Low
13.1
12.3
10.3
Moderate
17.8
19.6
18.1
High
28.9
49.1
37.6
Smoking Status
Never
61.1
76.0
77.9
Current / Past smoker
38.9
24.0
22.1
Education
HS graduate or less
40.2
31.1
32.8
Some college
37.5
38.4
39.6
College grad & higher
22.4
27.7
30.5
Vegetarian Status
Vegetarian
31.3
50.3
59.8
Non-vegetarian
68.7
59.8
40.2
Hypertension
21.2
21.0
19.5
Diabetes
3.8
4.2
5.3
Coronary (heart attack,
4.4
3.9
4.8
MI)
* ANOVA
f Chi-square
JVegetarian defined as (<1 x/week) meat consumption and non-vegetarian as (>
meat consumption
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<0.0001*
<0.000 If

O.OOOlt

<0001t

<0.000 If

O.OOOlf

0.0068f
O.OOOlf
0.0081f

1 x/week)

Table 4.3 Multivariate hazard ratio and 95% confidence interval of cerebrovascular
mortality for fresh fruits and processed fruits
Model 1*
(n=184)
HR § (95% Cl) II

Model 2f
(n=157)
P Trend HR (95% Cl)

P Trend

Fresh Fruit Index
0.07
0.03
Never to < 3 x / week
1
1
>3 x/ week to 2 x/ day
0.82 (0.48 - 1.42)
0.63 (0.35- 1.12)
> 2 x / day
0.63 (0.34 - 1.15)
0.48 (0.25- 0.91)
Fruit -- dried
0.05
0.12
Never to <1 / week
1
1
1 - 4 x / week
1.12 (0.77- 1.62)
1.03 (0.68-1.57)
>5 x / week
1.46 (0.98-2.16)
1.38 (0.88- 2.17)
Fruit ~ canned or frozen
0.76
0.79
Never to 2x / month
1
1
1 - 4 x / week
0.90 (0.62 - 1.31)
1.03 (0.68-1.55)
>5 x / week
1.02 (0.69- 1.51)
1.06 (0.68-1.65)
Sweetened real fruit juice
0.84
0.68
Never to 2x /month
1
1 -4x / week
1.46 (0.95 -2.26)
1.49 (0.91-2.45)
>5x / week
0.98 (0.53- 1.83)
0.78 (0.37-1.65)
0.54
Unsweetened real fruit juice
0.15
Never to 2x /month
1
1
1 -4x / week
1.33 (0.90 -1.96)
1.10 (0.72-1.67)
>5x / week
1.37 (0.94- 1,98)
1.20 (0.81- 1.78)
* Model 1: Adjusted for: prevalence of hypertension, age, sex, BMI, smoking status,
education level, and exercise, cooked green vegetables, green salad, tomatoes
tModel 2: Adjusted for: prevalence of hypertension, age, sex, BMI, smoking status,
education level, exercise, cooked green vegetables, green salad, tomatoes, nut intake,
sweets-desserts, sweetened fruit flavored drinks, whole milk, coffee, and aspirin use.
§ Hazard Ratio (HR).
|| 95% confidence interval
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CHAPTER 5
SECOND PUBLISHABLE PAPER
Total and Specific Types of Physical Activity and Stroke Mortality: Results from the
Adventist Health Study-1
Manuscript II, entitled “Total and Specific Type of Physical Activity and Stroke
Mortality: Results from the Adventist Health Study-1 describes the association between
total and specific types of physical activity in the Adventist Health Study-1. Cox
proportional multivariate analysis was performed to ascertain effect measure estimates.

For Submission to: Journal of Stroke & Cerebrovascular Diseases
*Note: The format and referencing style of this chapter is in accordance with journal
formatting guidelines as required by journal specifications.
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ABSTRACT
The protective effect of physical activity (PA) on stroke remains controversial
based on results from published studies so far. We evaluated the relationship of total and
different types of PA with stroke mortality. A cohort of 34,198, non-Hispanic white
Adventists completed a baseline questionnaire and were followed for 12 years (19761988). A total of 434 fatal strokes were identified by record linkage with the California
death certificate files and the National Death Index. The independent effect of PA was
assessed using the Cox proportional-hazards model. A protective effect of PA activity
was observed for low (HR: 0.65, 95% Cl: 0.43- 0.97); moderate (HR: 0.64, 95% Cl: 0.47
-0.86); and high (HR: 0.79, 95% Cl: 0.63 -1.00) compared to the “none/slighf’ PA
activity, with moderate level PA showing a statistically significant effect after
adjustment. Gender specific analyses results showed a protective effect for all physical
activity levels for both males and females. However, the magnitude of association was
greater for postmenopausal women after adjusting for hormone replacement therapy for
all categories of PA (high, middle, and low) compared to none/slight PA with the low
(HR: 0.53, 95% Cl: 0.31-0.93), and the middle (HR: 0.45, 95% Cl: 0.28-0.71) category
being most protective. Individuals with high (HR: 0.85 95% Cl: 0.65-1.11) and moderate
(HR: 0.70, 95% Cl: 0.54- 0.91) leisure PA level had lower risk of fatal stroke compared
to those with no leisure PA. Only high occupational PA had a protective effect compared
to low and no PA. Our study results suggest that there is an inverse association between
physical activity and stroke mortality in this population.
Key words: Occupational leisure, physical activity, stroke, mortality
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INTRODUCTION
In 2008, the US Department of Health and Human Services released its first-ever
"Physical Activity Guidelines for Americans"1 to complement the "Dietary Guidelines for
Americans" . The guideline recommends that “all adults should avoid inactivity. Some
physical activity is better than none, and adults who participate in any amount of activity
gain some health benefits'' and “additional benefits occur with more physical activity”1.
Findings from other studies have been well supportive of the guidelines, particularly on
leisure time PA and stroke3"6.
The recent meta-analyses of physical activity (PA) and cardiovascular diseases
(CVD), including coronary heart disease (CHD) and stroke, have all concluded that there
is an inverse association between physical activity and stroke risk7'10. The results of the
two earlier meta-analyses were largely similar, with reductions in stroke risk both for
3 11

those who engaged in high and moderate PA compared to lower levels of activity ’ .
Although both meta-analyses included data on both men and women, the gender data
were not analyzed separately and the types of physical activities were not addressed.
An attempt was made in a more recent report to overcome some of these
limitations; however there was no uniform measurement in the studies included in this
meta-analysis, and assessments varied quite substantially with regard to frequency,
intensity, and duration of PA8.
In addition, the dose-response relationship between physical activity and stroke
has not been well established or characterized 7, 8,

11, 12

. There are still controversies

regarding the type (i.e., occupational and leisure), intensity, and amount of time spent on
activities such as walking compared to other vigorous exercise activities.
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The aim of this study was to examine the association between separate and
combined effects of different types and levels of physical activity and stroke mortality in
a large cohort. Therefore we performed analyses on occupational and leisure time PA in
relation to risk of stroke mortality. Potential gender-specific associations also have been
explored. The findings from this report will potentially strengthen the epidemiological
evidence regarding PA and stroke risk.
MATERIALS AND METHODS
The Adventist Health Study-1 (AHS-1) (1976-1988)
In 1974, a census questionnaire was mailed to all Adventist households in the
state of California. In 1976, a more extensive lifestyle questionnaire was sent to
Adventists over the age of 25 years who had responded to the 1976 census questionnaire.
A total of 34,198 white non-Hispanic individuals who responded to the lifestyle
questionnaire became the cohort for the first Adventist Health Study (AHS-l). All AHS1 study subjects were residents of California at baseline, although some moved out of
state during follow-up. This cohort was followed closely from 1976 through 1988 for all
cause mortality. The AHS-1 has been described in detail elsewhere. 13 After excluding
study subjects with self-reported histories of stroke at baseline (n=673) and those who did
not answer the question on prevalent stroke (n=2,445) at baseline, the final analytical file
consists of 434 fatal stroke cases and 30,640 subjects without fatal stroke.
Follow-up and ascertainment of stroke death
Deaths were ascertained by computer-assisted record linkage to the California
death certificate files and the National Death Index. Church records were also used to
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identify study subjects who had died during follow-up. The validity of the record linkage
procedure in this study has been evaluated, showing that only 3 to 4 percent of deaths
were not ascertained.14 After death certificates were obtained, an experienced nosologist,
blinded to subject lifestyle characteristics, assigned the International Classification of
Diseases, Ninth revision (ICD-9) codes for immediate and underlying causes of death.
The study end point was cerebrovascular disease (ICD-9: 431-434 and 436-437, n=434)
as the underlying cause of death noted on the death certificate. Subarachnoid hemorrhage
(ICD9: 430, n=15), transient cerebral ischemia (ICD9: 435, n=3), and late effect
cerebrovascular (ICD9: 438, n=12) cases were not included in the final analytical file.
The outcome analysis was on total stroke cases with no differentiation between types.
The lifestyle questionnaire
The baseline lifestyle questionnaire included information on demographic
characteristics; anthropometric data; dietary intake; physical activity level; psychosocial
factors; medication use; diagnosed disease history (e.g., coronary heart disease, stroke.
high blood pressure [BP], diabetes, cancer, diverticulitis); aspirin-Bufferin intake;
alcohol use; and smoking.
Physical Activity (PA)
A physical activity index was created from responses to questions on vigorous
leisure-time and occupational activities. The first question, “Outside of your usual work
or daily activities, do you usually get at least 15 minutes of vigorous exercise three or
more times per week?" was followed by a list of possible vigorous activities for the
subject to check if he or she undertook these at least three times each week for 15
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minutes on each occasion. The second question, “Do your usual daily work or
responsibilities involve vigorous activities similar to those listed in the previous
question?'" with possible responses “very often,” “frequently,” “occasionally,” “rarely or
never."’ “High exercise” reflected a high occupational and/or high leisure activity status;
“moderate exercise” was defined as moderate leisure activity, low or moderate
occupational activity, or low leisure activity but moderate occupational activity; and “low
exercise" designated subjects with both low leisure and low occupational activities.
The index classified subjects into a "high" category for very often (reported
exercise 3+ times per week, 15 min each session); a "moderate" category for less frequent
(reported exercise 3+ times per week, 15 min each session, not very often [or] reported
exercise 3+ times per week < 15 min each session, frequently); a "low" category for
occasionally (reported exercise < 3 times per week, < 15 min each session); and a
"none/slight" category for rare or no reported exercise.
This index has been demonstrated to be a significant predictor of fatal coronary
events 14, breast cancers 15, and all-cause mortality15 in this cohort. In addition, survey
measures of vigorous activity have been shown to be positively correlated with maximal
treadmill time among non-Hispanic white Adventists 16.
STATISTICAL ANALYSES
Baseline characteristics according to levels of PA were examined by chi-square
and ANOVA test statistics. Associations between the PA and stroke mortality were
examined using Cox proportional hazard regression analysis with attained age (in years)
as the time variable. The final Cox proportional hazards regression model was adjusted
for the following variables: sex, BMI, smoking status, education level, exercise, diabetes,
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coronary heart disease, high blood pressure, fresh fruit index, and aspirin use. In the
second modeling strategy, the low and moderately vigorous PA levels were combined
into a single category since the numbers of events in these categories were marginal. PAtype specific (occupational and leisure) as well as combined analyses were performed.
Additional analyses included: separate Cox models by sex and combined analyses which
included product terms to assess possible effect modification by these variables (results
were not statistically significant).
The proportional hazards model assumption in the Cox models was evaluated
both by temporarily inserting interaction terms of the product of the main effect and other
covariates with the log of the time variable and by visual inspection of the log-log plots.
The proportional hazard model assumptions were satisfied. Throughout the analysis, all
hazard ratios were estimated with 95% Cl. All statistical tests were two-sided with a <
0.05 for statistical significance and SAS (Statistical Analysis System version 9.1) was
used for all analyses.
RESULTS
During the 12 years of follow-up, a total of 434 fatal stroke cases occurred among
31,074 subjects. Of the 434 fatal stroke cases, 12% were intra-cerebral hemorrhage,
16.4% were cerebral infarction, and 71.6% were acute but ill-defined cerebrovascular and
other ill-defined cerebrovascular.
The general characteristics of the cohort are as follows: mean age of 53.1 years
(standard deviation (SD) =16.4), 58.9 % were females, average level of education was
13.7 years, and 24.4 % were past or current smokers (with only 3.6 % current smokers).
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Frequency distributions and test statistics of baseline known risk factors for this cohort
according to PA categories are presented in Table 1. Those in the high physical activity
category had a higher proportion of females, lower BMI, and lower prevalence of
hypertension, past/current smokers, and diabetes.
Table 2 represents the hazard ratios and their corresponding 95% confidence
intervals of stroke mortality in men and women, both combined and separately, for
different levels of vigorous physical activity. The analyses were then repeated according
to separate as well as combined categories of physical activity, with the physically
inactive category as the referent (model approach A with four levels of PA and model
approach B with three PA levels as described in the above section). We first developed a
basic model with PA and age. Compared to the “none/slight” category of PA, the low,
moderate, and high categories showed a protective effect on the risk of fatal stroke (p
trend=0.02), with the moderate category reaching statistical significance. Further
adjustment for gender, education, BMI, smoking status, history of physician diagnosed
diabetes, hypertension, and CHD showed similar protective effects. With the additional
inclusion of aspirin use and fresh fruit intake the association of low, moderate, and high
PA levels were somewhat strengthened with FIR: 0.65 (95% Cl: 0.43, 0.97), HR: 0.64
(95% Cl: 0.47, 0.86) and HR: 0.79 (95% Cl: 0.63 -1.00) respectively compared to
none/slight PA category {p trend = 0.03).
The sex-specific analyses results showed PA was inversely associated with fatal
stroke for both men and women. When including only postmenopausal women, the effect
for both moderate (HR: 0.53 (0.31-0.93) as well as low PA (HR: 0.45 (0.28-0.71) levels
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compared to the “none/slight" PA level were strengthened and became statistically
significant.
The second part of Table 2 (model approach 2) shows the Cox proportional
models with the hazard ratios and 95% Cl in which the low and moderate PA categories
had been combined. The results are very similar to the model A approach above, with
protective effects for both the combined PA (low/moderate) and high PA category with
HR: 0.64 and HR: 0.79 respectively (p trend = 0.03).
When assessing the independent effects of leisure and occupational type PA on
fatal stroke (Table 3), only leisure type PA was independently associated with a reduction
in stroke risk. Both the moderate and high leisure PA categories were associated with
stroke mortality, with moderate PA showing a 30% lower risk compared to the referent
category of none/slight PA.
DISCUSSION
Our study results of a protective effect of PA on stroke mortality are comparable
with a very recent available body of evidence 7, 8. 17
We found significant inverse associations between both moderate and high total
physical activity and risk of stroke mortality, but only the association with moderate
physical activity reached statistical significance. Reviews of existing studies on physical
activity and stroke showed that overall, moderately or highly active individuals have a
lower risk of stroke incidence or stroke mortality compared to low-activity individuals 4,
18-22

. A similar inverse relationship between stroke incidence and combined occupational

and leisure activity was also shown in the EPIC-Norfolk studyT
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Potential differences in association between PA and stroke type have been
investigated in several studies and results are generally consistent with a protective effect
of PA for both ischemic19,23 and hemorrhagic stroke19,23. A likely explanation for these
observed protective effects of PA could be that PA tends to lower BP and weight24,25,
enhances vasodilation26, improve glucose tolerance27,28, and promotes cardiovascular
health . Regular physical activity also increases the endurance of cells and tissues to
oxidative stress, vascularization, and energy metabolism29. Other evidence points to
reductions in plasma fibrinogen and platelet activity, as well as elevations in plasma
tissue plasminogen activator activity and high-density lipoprotein cholesterol (HDL-C)
levels, which affects BP, maintains normal glucose tolerance, increases urinary sodium
excretion, and improves insulin sensitivity30,31. When exploring occupational and leisure
type activities, in general our results agree with the most recent studies 4, 8,20,21,32 . Our
study found that moderate and high level leisure PA reduce the risk of stroke mortality by
30 and 25 percent, respectively, when compared to the risk of those with none/slight level
of PA. However, occupational PA failed to show any protective effect, and our null
findings are in line with results reported by other studies 33,34
Most occupational PA tends to be upper body exercise, which may have a
different effect on cerebral circulation, affecting the vertebral and carotid arteries
differently than lower body activity35. Some of the more recent evidence suggests
opposite effects of the two types of PA (occupational vs. leisure), such that occupational
PA may even be harmful to health, which is in line with the traditional occupational
health view that heavy physical work activity is considered an occupational health
hazard36.
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Our study results show that even moderate leisure time physical activity was
associated with lower stroke risk. One of the potential mechanisms for the association
between moderate PA and stroke risk could be the differential effect of physical activity
intensity on insulin resistance. Results from the ARIC study indicates that waist-to-hip
ratio and fasting insulin level were positively associated with carotid atherosclerosis as
measured by intimal-medial thickening assessed sonographically37. Thus, this association
may be explained by increased atherosclerosis, although thrombotic mechanisms are also
possible38.
Houmard, et al. found that reduced insulin resistance by moderate-intensity
exercise was greater than for high-intensity exercise39. Insulin resistance has also been
found to elevate the risk of ischemic stroke more than it affects the risk of CHD 38.
Wilson et al. reported that moderate intensity PA such as walking40 may be more likely to
improve insulin resistance than vigorous activity, and therefore may reduce the risk of
ischemic stroke to a greater degree than the risk of CHD.
Our finding of a significantly reduced risk of fatal stroke among those with
moderate compared to none/slight levels of physical exercise may be evidence that the
moderate approach, such as walking, is as effective as high levels in a measurable,
significant, and recommendable way. We found that both women in general and post
menopausal women in particular seemed to benefit from low and moderate PA to a
greater extent than males. This discrepancy in risk reduction between genders may be
partly explained by dissimilarities and variations in hormonal conditions 41.
Moreover, it is commonly noted that men are more likely to engage in strenuous
exercise regimens42. What is considered a high level of PA in women could be
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considered moderate in men. Also the identification, measurement, and analysis of non
exercise components of PA (e.g. household activity and errands, stair climbing, etc.) on
risk of stroke outcomes between men and women could be important for additional
analyses43.
Adventists are a health conscious population. The Adventist church proscribes the
use of alcohol and tobacco, therefore virtually all members are non-smokers and the
prevalence of alcohol use is very low. Homogeneity with regard to these two factors
should both increase statistical power44 and reduce confounding. An additional strength
of this investigation was the ability to control for confounding by age, education, BMI,
and many preexisting medical conditions as well as dietary factors.
A potential limitation of this study comes from the use of mortality data based
solely on death certificates and not the associated medical records. The known
inaccuracies in death certification, particularly in the elderly, could result in
misclassification of some Cases. This could, however, most likely be a non-differential
misclassification as regards to PA and thus bias our results towards the null.
Another weakness was the inability to differentiate between ischemic and other
types of stroke, since the majority of stroke deaths in this study were classified as acute
but ill-defined cerebrovascular disease. However, previous studies have suggested that
the protective effects of PA are similar with respect to risk of both hemorrhagic and
ischemic stroke

11,45

As is the case in many epidemiological studies when investigating associations of
PA with stroke, it is difficult to interpret the specific role of PA as part of a healthy
lifestyle that generates beneficial effects on diet, body weight control, and reduction or
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lack of addictive behaviors (i.e. cigarette smoking or heavy alcohol consumption). Even
though in our study, like many others, we have adjusted for these factors in multivariate
statistical analysis, this approach may not be sufficient when considering the complex
and comprehensive effects of health-related lifestyles on risk of stroke.
In conclusion, in spite of the well-known benefits of an active lifestyle, sedentary
behaviors continue to be the national trend46,47. Through lifestyle change, exercise can
reduce the need for more exhaustive medical and pharmacological interventions and can
also improve treatment end points. Our results suggest that vigorous physical activity,
even at a moderate level (>3 times per week, 15 minutes each time), is associated with
reduced risk of fatal stroke compared to those not engaging in PA. Results are in line with
available evidence from previous studies which show the beneficial effect of moderate
levels PA on risk of stroke mortality.
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Table 5.1 Frequency distribution of baseline risk factor characteristics of the cohort
participant according to physical activity
Vigorous PA level (Per Week)
None/Slight Low
Medium
High
Subjects (n)
Incident stroke deaths (n)
Age, years mean (SD)
BMI, kg/m2 mean (SD)

8878
3579
168
32
52.1 (17.1) 54.6(16.1)
24.9 (5.0)
24.5 (4.1)
Percent (%)

5898
12,272
69
149
49.8(15.6) 53.5(15.8) <.0001*
24.6(4.3) 24,2 (3.9) <.0001*

Sex
Female
69.9
60.8
52.1
53.1
Men
39.2
30.1
47.9
46.9
Smoking status
Never
77.0
75.2
74.6
74.6
Current / Past smoker
23.0
24.8
25.4
25.4
Education
HS graduate or less
33.9
29.4
34.8
33.6
Some college
40.2
39.5
36.5
37.2
College grad & higher
25.9
31.1
29.2
28.7
Fresh fruit index
Never to < 3 x / week
13.8
11.1
9.4
7.3
>3 x/ week to 2 x/ day
65.3
65.2
59.2
64.5
> 2 x /day
21.0
23.7
26.0
33.6
Vegetarian status t
Vegetarian
50.8
52.8
52.4
56.2
Non vegetarian
49.2
47.2
47.6
43.8
Hypertension
23.7
20.6
19.3
18.8
Diabetes
5.5
4.4
4.3
4.0
Coronary (heart attack,
4.4
3.5
4.5
4.7
MI)
Percentages may not add up to exactly 100% due to rounding
* ANOVA
t Chi-Square
t Vegetarian defined as (<1X/W) meat consumption and non-vegetarian as (> 1
> 4X/W) meat consumption
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P
Value

<.0001t

0.0002t
<.0001f

<.0001t

<.0001f
<.0001f
<.000It
0.0161f

to

Table 5.2 Multivariate adjusted model for the effects of physical activity and known
selected covariates on risk of cerebrovascular mortality in Adventist Health Study-1
cohort
Vigorous PA level (Per Week)
Model
None/
Low
High
Moderate
P
approach 1
Slight
trend
Men and Women combined
Events (n)
168
32
69
149
HR (95% Cl)* 1.00
0.76(0.52-1.11)
0.67(0.51-0.89) 0.82(0.66-1.02) 0.02
HR (95% CI)+ 1.00
0.74(0.51-1.08)
0.68(0.51-0.90) 0.83(0.67-1.05) 0.06
HR (95% Cl) || 1.00
0.65(0.43- 0.97) 0.64(0.4 -0.86)
0.79(0.63-1.00) 0.03
Men
Events (n)
33
13
33
57
HR (95% Cl) | 1.00
0.72(0.3-1.50)
0.85(0.52-1.38) 0.74(0.47-1.15) 0.15
Women
Events (n)
135
19
92
36
HR (95% Cl) || 1.00
0.61(0.3-0.97)
0.49(0.32 0.73) 0.83(0.62-1.10) 0.06
HR (95% CI)§ 1.00
0.61(0.3-0.97)
0.49(0.32-0.73) 0.83(0.62-1.10) 0.06
HR (95% CI)£ 1.00
0.53(0.3-0.93)
0.82(0.60-1.11) 0.08
0.4 (0.28-0.71)
Model
None/
High
Low/Moderate
P
approach 2
Slight
trend
Men and Women combined
Events (n)
149
168
101
HR (95% Cl) *
0.82(0.66-1.02) 0.02
1.00
0.70 (0.51 - 0.89)
HR (95% Cl) t
1.00
0.70 (0.55 - 0.90)
0.84 (0.67- 1.05) 0.06
HR (95% Cl) 1
0.79(0.62-1.00) 0.03
1.00
0.64 (0.49- 0.83)
Men
Events (n)
57
33
46
HR (95% Cl) |
0.73(0.47- 1.14)
0.15
1.00
0.82( 0.52- 1.29)
Women
Events (n)
92
55
135
0.83(0.62- 1.10) 0.06
HR (95% Cl) |
0.52( 0.38- 0.74)
1.00
0.83(0.62-1.10) 0.06
HR (95% Cl) §
0.53 (0.38 -0.74)
1.00
HR (95% Cl) £
0.82 (0.60-1.11) 0.08
1.00
0.48 (0.33 -0.69)
* Adjusted for: age
t Adjusted for: age, sex, BMI, smoking status, education level, diabetes, coronary, high
blood pressure
|| Adjusted for: age, sex, BMI, smoking status, education level, diabetes, coronary,
high blood pressure, aspirin use, and fresh fruit index
§ Additionally adjusted for hormone replacement therapy
£ Including postmenopausal women only
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Table 5.3 Multivariate adjusted model for the type of physical activity and known
selected covariates on risk of cerebrovascular mortality in Adventist Health Study-1
cohort

None/Slight Moderate
Occupational PA
Events (n)
HR (95% Cl) *
HR (95% Cl) f

184
1.00
1.00

High

P trend

86
117
1.04(0.80- 1.35) 0.84 (0.66- 1.06) 0.33
1.15 (0.87- 1.51) 0.96 (0.73- 1.25) 0.82

Leisure PA
Events (n)
181
130
107
HR (95% Cl)*
1.00
0.70( 0.55- 0.89) 0.85 (0.66-1.10) 0.12
HR (95% Cl) £
1.00
0.70(0.54- 0.91) 0.85 (0.65-1.11) 0.23
* Adjusted for: age, sex, BMI, smoking status, education level, diabetes, coronary heart
disease, high blood pressure, aspirin use, fresh fruit index
f Additionally adjusted for leisure PA
4 Additionally adjusted for occupational PA
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CHAPTER 6
OTHER FINDINGS
This chapter presents additional findings using Adventist Health Study-1 data to
describe the relationship between fresh fruit and vegetable intake and physical activity
and stroke mortality. The outcome variable was fatal strokes (cerebrovascular disease
(ICD-9: 431-434 and 436-437) as the underlying cause of death noted on the death
certificate. Follow-up time was from 1976 until the date of diagnosis of stroke, death, or
end of follow-up (1988), whichever occurred first. Cox proportional hazard regression
analysis was performed to determine effect measure estimates.
A. Results
The analysis of the fatal stroke cases and non-cases by type of co-morbidities
(including known and unknown self-reported history of stroke, diabetes, hypertension
and heart attack or MI) showed that of all the fatal stroke cases, 14.4% (85) had a history
of stroke, 42.6% (252) had a history of HBP, 11.8% (70) had a history of diabetes, and
14.7% (87) had a history of heart attack and MI (Table 6.1).
The distribution analysis of the type of cerebrovascular death by gender showed
that more females (68.4%) than males (31.6%) died of stroke (Table 6.2). The
distribution of fatal cerebrovascular cases and non-cases and selected demographic and
lifestyle characteristics included: age; BMI; education; sex; exercise; smoking; history of
stroke; diabetes; hypertension; heart attack or MI; meat consumption; beef index; nuts;
dry fruits; canned or frozen fruits; citrus fruits; other fruits; winter fruits; fresh fruit
index; fruit drinks; sweetened real fruit juice; unsweetened real fruit juice; beans and
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legumes; water; tomatoes; green cooked vegetables; breads; coffee; donuts; aspirin;
whole milk; and current sweets-desserts (Table 6.3).
The general characteristics of the cohort are as follows: mean age of 53.1 years at
enrolment with a standard deviation (SD) of 16.4; 58.9% were females; average duration
of education was 13.7 years; and 24.4% were past or current smokers. Unadjusted
baseline characteristics in the total population according to fatal stroke status are as
follows: in comparison to the non-cases, the fatal stroke cases were older, mostly female,
less educated and consumed whole-fat milk and sugared flavored fruit drinks more
frequently than non-cases, while intake of meat, coffee and sweets/desserts was lower
than in the non-cases. As expected, the prevalence of hypertension, diabetes, and
coronary heart disease was greater in cases than non-cases (Table 6.3).
Changes were examined in hazard ratios in the fresh fruit index with three (Table
6.4) and four (Table 6.5) categories and selected potential covariables. Those variables
that changed the HR of the highest level of the fresh fruit index (> 2 times per day
compared to never to < 3 x/ week) 10% or more were: nut intake, sweets-desserts,
sugared flavored fruit drinks, whole milk, coffee, and aspirin use.
Multivariate Cox proportional hazard ratios of stroke mortality with 95% Cl for
the effects of fresh fruit index in four categories were examined. Hazard ratios for the “>3
X/ wk to < IX / day” and “>1 - 2 X / day” categories were very similar when adding
different covariates. Sensitivity analysis was performed including those with a history of
diabetes, hypertension, heart attack, or MI (Table 6.6).
In evaluating the relationship of physical activity and stroke mortality by sex, for
females the sensitivity analysis included only post-menopausal women (Table 6.7). Cox
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proportional hazard ratios for the effects of physical activity (four categories) by sex and
known selected covariates on risk of stroke mortality are shown in Table 6.8. Results
showed that postmenopausal women benefit from both low and moderate physical
activity compared to those with no physical activity.
B. Summary
Additional analyses are needed to evaluate the effect of sweets-desserts and
sugared flavored fruit drinks in relation to stroke mortality. There are possible covariates
that could be considered for future analysis, such as vitamin and salt intake, although the
questions are very limited with a high possibility of missing/unknown responses. The role
of possible additional interactions and/or effect modifiers can be also investigated.
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Table 6.1 Distribution of cerebrovascular deaths by type of co-morbidity (1976-1988)

missing
selfreported
history

Fatal Cases n=591
Yes
No
Selfselfreported
reported
history
history

Non -cases n=33601
No
missing
Yes
self-reported selfselfreported
reported history
history
history

Stroke
72
85
434
2360
High blood
48
252
291
1508
pressure
Diabetes
66
70
2167
455
Heart attack
66
87
1984
438
or MI
Excluding ICD9 codes: 430, 435, and 438 (n=434) included in this
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601
7430

30640
24663

1714
1844

29720
29773

study

Table 6.2 Distribution of cerebrovascular deaths by type of ICD 9 codes
Type of Cerebrovascular Disease

ICD 9th
revision

Male Female No.

Subarachnoid hemorrhage
Intracerebral hemorrhage
431,432
20
Cerebral infarction
433,434
25
Other cerebrovascular diseases
436,437
92
Total
137
Excluding known and unknown self-reported history of stroke

104

32
46
219
297

52
71
311
434

%

12.0
16.4
71.6
100.0

Table 6.3 Distribution of selected demographic and lifestyle characteristics of fatal
cerebrovascular cases and non-cases in 1976 Adventist Health Study-1 cohort

Age, years Mean (SD)
BMI, kg/m2 Mean (SD)
Education, years Mean
(SD)

Fatal
Stroke
(n=434)
77.5(9.3)
23.7(4.1)
12.0(3.2)

n
%
BMI
< 18.5 (underweight)
34
9.0
18.5 - 24.9 (normal)
211
55.8
25.0 + (overweight and
133
35.2
obese)
Sex
female
297
68.4
male
137
31.6
Education
HS graduate or less
230 54.4
some college
123 29.1
college graduate & higher
70
16.5
Exercise
none/Slight
168
40.2
low
32
7.7
moderate
69
16.5
high
149
35.6
Smoking Status
never smoker
337
80.6
current and past smoke
81
19.4
Diabetes at baseline
no
382
89.3
yes
46
10.7
Coronary heart attack or MI at baseline
no
377
88.7
Yes
48
11.3
HBP at baseline
no
259
60.7
yes
168
39.3
Meat consumption (Veg. stat)
never
157
41.8
<1X/Week
91
24.2
1-4X/Week
68
18.1
>4X / Week
60
16.0

Non-Fatal
Stroke
(n=30640)
52.7(16.2)
24.6(4.3)
13.7(3.0)
n

%

938
16115
11349

3.3
56.7
40.0

17,995
12,645

58.7
41.3

Total
P value*
<0.0001
<0.0001
<0.0001
P value**
<0.0001

(n= 31074)
53.07 (16.4)
24.56 (4.3)
13.67 (3.0)
n

%

972
16326
11482

3.4
56.7
39.9

18292
12782

58.9
41.19

10441
11752
8712

33.8
38.0
28.2

8878
3579
5898
12272

29.0
11.7
19.3
40.1

22979
7581

75.2
24.8

29381
1417

95.4
4.6

29519
1377

95.5
4.5

24538
6367

79.4
20.6

8838
6325
6226
8110

30.0
21.4
21.1
27.5

<0.0001

<0.0001
10211
11629
8642

33.5
38.2
28.4
<0.0001

8,710
3,547
5,829
12,123

28.8
11.7
19.3
40,1
0.0097

22,642 75.1
7,500 24,9
<0.0001
28999
1641

94.6
5.4

29142
1329

95.6
4.4

<0.0001

<0.0001
24279
6199

79.7
20.3

8,681
6,234
6,198
8,050

29.8
21.4
21.3
27.6

<0.0001
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Fatal Stroke

Non-Fatal
Stroke
(n=30640)

(n=434)
n

n

%

%

Total
P
value*

(n^ 31074)
n

%

Meat consumption (Veg. stat)
<0.0001
never to IX/Week
248
66.0
14915
51.1
15163 51.3
>1 to >4 X/Week
128
34.0
14248
48.9
14376 48.7
Beef index
<0.0001
never to < IX/ Month
194
56.9
11361
39.8
11555 40.0
>lX/Month to <3X/W
95
27.9
10045
35.1
10140 35.1
52
>3X/ W to > 2 X / day
15.2
7227 25.0
7175
25.1
Nuts
<0.0001
never to 2X / month
105
29.6
10,646
36.6
10751 36.5
1 - 4 X / week
130
36.6
11,875
40.8
12005 40.8
>5 X / week
120
6,570
22.6
6690 22.7
33.8
Fruit - canned or
<0.0001
frozen
never to 2X / month
115
10896 37.1
30.3
10,781
37.2
1 - 4 X / week
13152 44.8
149
39.3
13,003
44.8
>5 X / week
5335 18.2
115
30.3
5,220
18.0
Fruit - citrus
<0.0001
never to 2X / month
10877 37.2
133
35.2
10,744
37.2
1 - 4 X / week
12312 42.1
34.1
12,183
42.2
129
>5 X / week
6066 20.7
116
30.7
5,950
20.6
Fruit - dried
<0.0001
never to 2X / month
12727 43.6
126
34.7
12,601
43.8
1 - 4 X / week
11464 39.3
124
34.2
11,340
39.4
>5 X / week
4970 17.0
113
31.1
4,857
16.9
0.1387
Fruit - other (fresh)
6352 22.0
never to 2X / month
21.4
6,274
22.0
78
1 - 4 X / week
13135 45.5
151
41.4
12,984
45.5
>5 X / week
9403 32.5
37.3
136
9,267
32.5
Fruit - winter
0.0053
2285
7.8
never to 2X / month
2,250
7.8
35
9.3
12848 43.9
1 - 4 X / week
35.7
12,713
44.0
135
14127 48.3
>5 X / week
55.0
13,919
48.2
208
0.106
Fresh fruit index (winter, citrus, other)
2856 10.0
Never to < 3 X / wk
30
8.5
2,826
10.0
17,900
62.7
59.4
17,689
62.7
>3 X / wk to 2X / day
211
> 2 X / day
7802 27.3
114
32.1
7,688
27.3
Table 6.3 (Continued) Distribution of selected demographic and lifestyle characteristics
of fatal cerebrovascular cases and non-cases in 1976 Adventist Health Study-1 cohort
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Fatal
Stroke
(n=434)

Non-Fatal
Stroke
(n=30640)

n

%

n

%

n

%

78.9
12.0
9.1

24,228
3,178
1,187

84.7
11.1
4,2

<0.0001
24497
3219
1218

84.7
11.1
4.2

80.1
12.8
7.1

23874
3403
1185

83.9
12.0
4.2

24144
3446
1209

83.8
12.0
4.2

31.3
29.1
39.6

7899
10625
10647

27.1
36.4
36.5

8012
10730
10790

27.1
36.3
36.5

11729
15814
2050

39.6
53.4
6.9

5848
11202
13413

19.2
36.8
44.0

3328
17026
8966

11.4
58.1
30.6

2231
11914
15595

7.5
40.1
52.4

11496
1682

39.0
57.1

Fruit drinks
never to 2x /month
269
1 -4x / week
41
>5x / week
31
Sweetened real fruit juice
never to 2x /month
270
1 -4x / week
43
>5x / week
24
Unsweetened real fruit juice
never to 2x /month
113
1 -4x / week
105
>5x / week
143

1 - 4 X / week
>5 X / week

P
value*

(n=31074)

0.0214

0.0137

Beans and legumes
never to 2x /month
1 -4x / week
>5x / week
Water
< 1 -2 glass
3-4 glass
5-6+ glass
Tomatoes
never to 2X / month
1 — 4 X / week
>5 X / week
Green salad
never to 2X / month
1 - 4 X / week
>5 X / week
Cooked vegetables

Total

0.0913
141
190
36

38.4
51.8
9.8

11,588
15,624
2,014

39.6
53.5
6.9
0.0013

50
166
195

12.2
40.4
47.4

5,798
11,036
13,218

19.3
36.7
44.0
0.0022

63
196
120

16.6
51.7
31.7

3,265
16,830
8,846

11.3
58.2
30.6

69
129
175

18.5
34.6
46.9

2,162
11,785
15,420

7.4
40.1
52.5

127
219

34.7
59.8

11,369
16,604

39.1
57.1

<0.0001

0.0847

Breads
3356
10.9
white bread
50 11.9
3306
10.9
23122 75.3
whole wheat and other ww 306 72.9
22816
75.3
4229
13.8
other types
64 15.2
4165
13.8
Table 6.3 (Continued) Distribution of selected demographic and lifestyle characteristics
of fatal cerebrovascular cases and non-cases in 1976 Adventist Health Study-1 cohort
* T-test p value
** Chi-Square p value
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Table 6.4 Change in hazard ratios of stroke death and selection of potential covariables
associated with fresh fruit index (3 categories from > 2 times per day compared to < 3 X/
week)

Model
Main Effects (ME)
[Fresh fruit + Sex + BMI + Smoke + educ.]
ME + Exercise (4 levels)
ME + High BP + Coronary + Diabetes
ME + Fruit - dried (3 levels)
ME + Fruit - canned (3 levels)
ME + Salad (3 levels)
ME + Green cooked veg (3 levels)
ME + Tomatoes (3 levels)
ME + Veg status
ME + Nuts (3 levels)
ME + Water (3 levels)
ME + Whole bread (3 levels)
ME + Current sweets (4 levels)
ME + Fruit drinks (4 levels)
ME + Donuts (4 levels)
ME + Whole milk (3 levels)
ME + Coffee (2 levels)
ME + Beans (3 levels)
ME + Aspirin
ME + Sweetened real fruit juice
ME + Unsweetened real fruit juice

Fresh fruit index 3 categories
% Change HR N
HR(95% Cl)

0.802 (0.52-1.24)

n/a

310

0.923 (0.59-1.45)
0.790 (0.51-1.23)
0.688 (0.44-1.09)
0.802 (0.52-1.25)
0.774 (0.49-1.22)
0.721 (0.46-1.13)
0.828 (0.53-1.30)
0.837 (0.53-1.32)
0.708 (0.44-1.13)
0.787 (0.51-1.22)
0.734 (0.46-1.17)
0.733 (0.47-1.14)
0.688 (0.44-1.08)
0.781 (0.50-1.21)
0.720 (0.46-1.14)
0.732 (0.47-1.15)
0.757 (0.48-1.19)
0.823 (0.53-1.29)
0.790 (0.50-1.25)
0.798 (0.50-1.27)

13.1%**
-1.5%
-16.6%**
-0.00
-3.6%
-11.2%**
3.1%
4.2%
-13.3%**
-1.9%
-9.3%*
-9.4%*
-16.6%*
-2.7%
-11.4%**
-9.6%*
-5.9%
2.6%
-1.5%
-0.5%

306
298
298
302
296
287
302
298
284
300
285
294
279
303
285
288
288
292
274
292

* * Change > 10%
* Change 9.5 tol0% Time variable is attained age
n/a- Not Applicable;
BMI Body Mass Index;
ME Main Effects; fresh fruit index
HR Hazard Ratio based on Cox Regression
Fresh Fruit Index: Never to < 3 X / wk, >3 X/ wk to < IX / day, >1 - 2 X / day, > 2 X /
day; Cl Confidence Interval
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Table 6.5 Change in hazard ratios of stroke death and selection of potential covariables
associated with fresh fruit index (3 categories from > 2 times per day compared to < 3 X/
week)
Fresh fruit index 4 categories
HR
% Change
(95% CD
in HR
N
0.803 (0.518-1.245)
310
n/a

Model
Main Effects (ME)
[Fresh fruit + Sex + BMI + Smoke + educ.]
ME + Exercise (4 levels)
0.925 (0.59-1.45)
ME + High BP
0.801 (0.52-1.24)
ME + Coronary
0.805 (0.52-1.25)
ME + Diabetes
0.781 (0.50-1.21)
ME + High BP + Coronary + Diabetes
0.791 (0.51-1.23)
ME + Fruit - dried (3 levels)
0.689 (0.44-1.09)
ME + Fruit - canned (3 levels)
0.802 (0.52-1.25)
ME + Salad (3 levels)
0.777 (0.49-1.23)
ME + Green cooked veg (3 levels)
0.724 (0.46-1.14)
ME + Tomatoes (3 levels)
0.829 (0.53-1.31)
ME + Veg status
0.837 (0.53-1.32)
ME + Nuts (3 levels)
0.709 (0.45-1.13)
ME + Water (3 levels)
0.788 (0.51-1.23)
ME + Whole bread (3 levels)
0.734 (0.46-1.17)
ME + Current sweets (4 levels)
0.733 (0.47-1.14)
ME + Fruit drinks (4 levels)
0.689 (0.44-1.08)
ME + Donuts (4 levels)
0.782 (0.50-1.21)
ME + Whole milk (3 levels)
0.720 (0.46-1.14)
ME + Coffee (2 levels)
0.733 (0.47-1.15)
ME + Beans (3 levels)
0.758 (0.48-1.19)
ME + Aspirin
0.824 (0.53-1.29)
ME + Sweetened real fruit juice
0.791 (0.53-1.29)
ME + Unsweetened real fruit juice
0.800 (0.50-1.27)
* * Change > 10%
* Change 9.5 to 10%; Time variable is attained age
n/a- Not Applicable;
BMI Body Mass Index;
ME Main Effects;
HR Hazard Ratio based on Cox Regression
Fresh Fruit Index: Never to < 3 X / wk, >3 X/ wk to < IX / day, >1
day; Cl Confidence Interval.
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13.2%** 306
-0.25% 305
0.25%
306
305
-2.8%
-1.5%
298
-16.5%** 298
-0.12
302
-3.3%
296
-10.9%** 287
3.1%
302
4.1%
298
-13.3%** 284
-1.9%
300
-9.4% * 285
-9.5%*
294
-16.5%* 279
-2.7%
303
-11.5%** 285
-9.5%*
288
-5.9%
288
2.5%
292
-1.5%
274
-0.38% 292

- 2 X / day, > 2 X /

Table 6.6 Multivariate adjusted model for the effects of fresh fruit index (4 categories)
and known selected covariates on risk of cerebrovascular mortality in Adventist Health
Study-1 cohort
Model 1
n=211
HR(95% Cl)

Model 2
n=204
P

HR (95% Cl)

Trend

Fresh fruit index
< 3X / wk
1
>3 X/wk-lX/day 0.77(0.46-1.30)
>1 - 2 X / day
0.77(0.42-1.29)
> 2 X / day
0.62(0.36-1.06)
Diabetes at baseline
No
1
Yes
1.35(0.87-2.12)
Coronary at baseline
No
1
Yes
1.28(0.86-1.89)
HB pressure at baseline
No
1
Yes
1.46(1.09-1.94)
Sex
Female
1
Male
1.0(0.71-1.41)
BMI
< 18.5
1
18.5-24.9
0.90(0.55-1.48)
25.0-29.9
1.08(0.63-1.84)
30.0 +
0.95(0.47-1.93)
Smoking status
Never smoker
1
Current/past
1.14(0.76-1.70)
Education
HS grad or less
1
Some college
1.21(0.88-1.66)
>College grad
1.68(1.15-2.44)

Model 3
n=107
HR (95% Cl)

P

Trend

0.10

0.34

0.10
1
0.69(0.41-1.19)
0.73(0.43-1.23)
0.59(0.34-1.02)

P

Trend

1

0.51(0.23-1.13)
0.69(0.33-1.45)
0.52(0.24-1.15)

1
1.39(0.86-2.22)
1
1.19(0.79-1.78)
1
1.42(1.06-1.92)
1
1.02(0.72-1.44)
0.66

1
0.92(0.58-1.47)
0.67

0.76
1
0.80(0.48-1.32)
0.96(0.56-1.65)
0.85(0.41-1.76)

1
0.65(0.35-1.20)
0.57(0.28-1.77)
1,15(0.42-3.11)

1
1.10( 0.7-1.67)

1
1.63(0.94-2.80)
0.04

0.02

0.03

1
1.22(0.88-1.69)
1.60(1.09-2.35)
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1
1.51(0.97-2.36)
1.64(0.97-2.77)

Model 1
n=211
HR(95% Cl)

Model 2
P

n=204
HR (95% Cl)

Trend

Exercise
None/Slight
1
Low
0.62(0.36-1.06)
Moderate
0.57(0.37-0.86)
High
0.66(0.47-0.93)
Fruit—dried
<l/week
1
1 - 4 X / week
0.95(0.67-1.35)
>5 X / week
1.30(0.89-1.91)
Cooked vegetables
<1 / week
1
1 - 4X/week
0.71(0.40-1.28)
>5 X/week
0.70(0.39-1,23)
Fruit drinks
<1 / week
1
1 -4x / week
1.20(0.76-1.89)
>5x / week
1.38(0.82-2.32)
Whole milk
Never
1
>lx/week
0.99(0.70-1.39)
>5x / week
0.85(0.62-1.18)
Nuts
<1/week
1
1 - 4 X / week
1.08(0.76-1.55)
>5 X / week
1.15(0.79-1.69)
Aspirin
No
1
Yes
1.33(0.9-1.81)
Coffee
Never
<lx /week - >5 x /day
Current sweets-desserts
<1/week
1 -2x / week
3-6x / week
>lx / day
Breads
White bread
Whole wheat and sprouted
All Other types

0.02

Model 3
n=107
HR (95% Cl)

P
Trend

0.13

0.03

1
0.66(0.39-1.14)
0.60(0.39-0.92)
0.67(0.47-0.95)
0.27

1
0.94(0.47-1.89)
0.90(0.52-1.55)
0.68(0.41-1.12)
0.14

0.20

1
0.95(0.66-1.37)
1.31(0.88-1.95)
0.35

1
1.23(0.74-2.06)
1 ■52(0.8-2.66)
0.42

1
0.73(0.40-1.35)
0.70(0.39-1.27)
0.13

0.32

1
2.05(0.58-7.17)
2.19(0.64-7.52)
0.16

0.47

1
1.17(0.73-1.87)
1.41(0.83-2.39)
0.60

1
1.10(0.56-2.15)
1.33(0.61-2.91)
0.23

0.42

1
1.03(0.72-1.45)
0.87(0.62-1.21)
0.50

P
Trend

1
0.93(0.58-1.50)
0.78 (0.491.24)
0.33

1
1.14(0.79-1.64)
1.22(0.82-1.80)

0.72

.

1
0.95(0.57-1.60)
0.90(0.52-1.58)

1
1.30(0.94-1.78)
1
0.97(0.69-1.35)

1
0.63(0.37-1.06)
0.02

0.06
1
1.34(0.75-2.40)
1.44(0.79-2.63)
2.11(1.16-3.84)

1
1.16(0.78-1.74)
1.30(0.86-1.96)
1.43(0.94-2.17)

0.18

0.10
1
0.96(0.63-1.59)
0.67(0.38-1.18)

1
0.81(0.42-1.57)
0.58(0.25-1.32)

Table 6.6 (Continued) Multivariate adjusted model for the effects of fresh fruit index (4
categories) and known selected covariates on risk of cerebrovascular mortality
Model 1: Cox proportional hazards regression analysis: Adjusted for covariates with greater than 10% change in
highest category (> 2 X / day) of fresh fruit index: 3 co-morbidities, sex, BMI, smoking status, education level,
exercise. Diabetes, Coronary , High blood pressure, fruit dry, cooked green vegetables, fruit drinks, whole milk, nuts,
aspirin.
Model 2: Cox proportional hazards regression analysis: Adjusted for equal or greater than 10% change in highest
category (> 2 X / day) of fresh fruit index: 3 co-morbidities, sex. BMI, smoking status, education level, exercise.
Diabetes. Coronary . High blood pressure, fruit dry. cooked green vegetables, fruit drinks, whole milk, nuts, aspirin,
coffee, current sweets and desserts, bread.
Model 3: Cox proportional hazards regression analysis: Adjusted for equal or greater than 10% change in highest
category {>2X1 day) of fresh fruit index Excluding subjects with the 3 co-morbidities: sex, BMI. smoking status,
education level, exercise, fruit dry. cooked green vegetables, fruit drinks, whole milk, nuts, coffee, current sweets and
desserts, bread.
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Table 6.7 Distribution frequency of menopause status by fatal stroke cases and non-cases
Stroke death cases

Non cases

Total

Menopause status*
Menopause

7343 (40.8%)

44 (14.8%)

7387

Post-menopause

10652 (59.2%)

253 (85.2%)

10905

17995

297

Total

18292

*Menopause status: Post-menopause (menses stopped), menopause (still menstruate)
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Table 6.8 Multivariable adjusted model for the effects of physical activity (4 categories)
by sex and known selected covariates on risk of cerebrovascular mortality in Adventist
Health Study-1 cohort
Male (n=127)
Model 1
HR (95% Cl)
P
Trend
Exercise
None/Slight
Low
Moderate
High
Diabetes at baseline
No
Yes
Coronary at baseline
No
Yes
HB pressure at baseline
No
Yes
BMI
<18.5 (underweight)
18.5 - 24.9 (normal)
25.0 - 29.9 (overweight)
30.0 + (obese)
Smoking status
Never smoker
Current and past smoke
Education
HS graduate or less
Some college
College graduate & higher
Fresh fruit index
Low
Medium
High
Aspirin
No
Yes
Hormone replacement
Never used hormone
> 1 year ago, but not current
Current use of hormone

Female (n=269)
Model 2
HR (95% Cl)

1
0.15
0.72 (0.34 -1.50)
0.85( 0.52- 1.38)
0.74( 0,47- 1.15)

0.53 (0.31-0.93)
0.45 (0.28-0.71)
0.82(0.60-1.11)

1
1.95(1.13-3.36)

1
1.37( 0.89-2.11)

1
0.85(0.48-1.52)

1
0.97 (0.64-1.47)

1.88(1.29-2.73)

1
1.37(1.05-1.79)

1
1.28(0.73-2.23)
1.05(0.57-1.93)
0.84(0.28-2.58)

1
0.73 (0.52-1.01)
1.01 (0.70-1.47)
0.84 (0.46-1.53)

1
1.37( 0.94- 1,97)

1
0.84 (0.44-1.60)

1
0.95(0.61-1.48)
0.98( 0.61- 1.57)

1
0.96(0.63-1.50)
0.98( 0.74- 1.62)

1
1.12( 0.72- 1.75)
0.95( 0.56- 1.62)

1
1.09 (0.78-1.52)
0.92(0.63-1.33)

1
1.59(1.072-2.35)

1
0.84(0.62-1.16)
1
0.92 (0.56-1.52)
1.05 (0.76-1.46)
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P
Trend

0.08

CHAPTER 7
CONCLUSIONS
A. Summary
The purpose of this dissertation was to evaluate the independent relationship
between fresh fruit and vegetable intake (raw vs. processed) and physical activity with
stroke mortality among a large Seventh-day Adventist Health Study (AHS-1) population.
Studies conducted over the past 10 years have provided ample evidence for the protective
effect of both physical activity and fruit and vegetable intake.
Although stroke mortality has been studied extensively, to the best of our
knowledge the relationship between raw (fresh) and different types of processed fruit
consumption has not been investigated separately in relation to stroke mortality. Also
data regarding stroke mortality and type of physical activity (work and leisure) are scarce.
The data from this large prospective cohort study contained self-reported information on
demographic characteristics, dietary pattern, physical activity, comorbidities, and many
other variables. Different analyses were conducted separately for males, females,
different categories of fresh fruit index and physical activity types (work and leisure) and
fatal strokes incorporating the frequently cited confounding variables in a Cox regression
model. The study goals were met and the results are presented in chapters 4 and 5.
B. Main Findings
Our study results suggest that consumption of raw fruits > 2 times/day is inversely
related to total stroke mortality. Consumption of processed (canned, dried or frozen) fruit
was not related to stroke mortality. The observed significant protective effect remained
after adjusting for relevant confounding factors. Higher consumption of cooked green
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vegetables showed a protective association although it was not statistically significant.
Our study results suggest that high raw fruit consumption, in contrast to processed fruit
intake, may protect against stroke mortality.
For physical activity and risk of stroke mortality, a similar protective association
was observed. For those participating in high physical activity very often (>15 minutes
per session, >3 times per week), moderate physical activity frequently but not often (>15
minutes per session, 3 times per week), and low physical activity occasionally (<3 times
per week, <15 min each session) compared to those with none/slight physical activity, we
observed a protective effect against risk of stroke mortality with a statistically significant
protective effect for moderate PA. In the PA specific type analysis, high level leisure PA
reduced the risk of stroke mortality by 25 percent, while moderate level decreased the
risk by 30 percent (statistically significant) when compared to the risk of those with
none/slight level of PA. Occupational PA failed to show any protective effect against
stroke mortality. Our gender-specific analysis showed that postmenopausal women
benefit from both low and moderate physical activity.
The results from this study support the hypothesis of a protective effect of
fresh/raw fruit consumption and physical activity against risk of stroke mortality, and are
in agreement with most of the available evidence from previous studies.
C. Strengths and Limitations of the Studies
Homogeneity with regard to certain other characteristics relevant to stroke risk
(e.g. very low use of alcohol and essentially an absence of current tobacco use) should
both increase statistical power and reduce confounding. The long 12 year follow up
period of the cohort, with exposure recorded before the fatal stroke outcome provided an
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adequate number for stroke cases for mortality analyses. Also, the Adventist population
in this study is suitable for testing diet-disease relationships due to the large variation in
dietary habits (e.g. vegans to omnivores).
A potential weakness of this study comes from the use of mortality data based
solely upon death certificates and not the associated medical records. The known
inaccuracies in death certification, particularly in the elderly, could result in the
misclassification of some cases being (Modelmog, Rahlenbeck, & Trichopoulos, 1992).
However, this most likely would be a non-differential misclassification regarding both
PA and diet, thus would bias our results towards the null.
Another weakness was the inability to differentiate between ischemic and other
types of stroke, as the majority of stroke deaths in this study were classified as acute, but
ill-defined cerebrovascular disease. However, previous studies suggested that the
protective effects of PA and fruit and vegetable intake were similar in hemorrhagic and
ischemic stroke.
Although a statistically significant protective association was observed after
adjusting for classic risk factors, suggesting a specific effect of fresh fruit and vegetables
and PA on stroke mortality, the observational nature of this study and the measurement
error inherent in a questionnaire assessed only at baseline limits causal interpretation.
Due to the limited number of vegetables on the food frequency questionnaire no
vegetable index was created. The lifestyle questionnaire generally did not ask for the
portion size of a particular food item ingested. The absence of information on portion size
and the limited number of foods included in the questionnaire meant that total energy
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intake could not be calculated or adjusted for in the analysis. This, however, is of less
importance when investigating foods rather than nutrients.
Information on self-reported physical activity and fruit and vegetable
consumption was recorded only once at baseline. We have no data on possible changes in
the lifestyle factors described herein during the follow-up period. It is possible that study
participants may have changed behavior and exposures at some point after completing the
baseline lifestyle questionnaire. This could increase errors in exposure measurement. In
particular, such changes could have taken place after receiving a diagnosis of
intermediate endpoints such as diabetes, hypertension, and CHD. However, in a
prospective study like this one, systematic measurement error in the assessment of fresh
fruit and vegetable intake and PA is unlikely to be associated with stroke mortality, but
would be more likely non-differential misclassification and thus would tend to bias the
results toward the null. Therefore, the true effect of fruit and vegetable intake and PA on
risk of stroke mortality may be even greater than what we have reported. Furthermore,
our results may be explained by unmeasured or unknown confounding factors.
D. Future Research
The author hopes that this study has been informative and contributed to the
current literature. The intent was that this dissertation will prove valuable in
understanding the relationship of fruit and vegetable consumption and physical activity
with stroke.
Based on the epidemiological studies, it is apparent that lifestyle factors,
including diet and physical activity, may play an important role in the etiology of stroke.
These studies also show the independent roles of physical activity and diet for stroke.
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Many of the biological outcomes of diet and regular physical activity results in reduced
risk of CVD, cerebrovascular disease, hypertension, diabetes, obesity, and osteoporosis.
To prevent these conditions, physical activity and diet may act in synergy and in part
additively, through same or related pathways.
Despite the large number of studies, there are still important unanswered
questions concerning the importance of lifestyle factors in the prevention of stroke.
Obviously, more work needs to be done in the prevention and treatment of ischemic
stroke to accomplish our goals of reducing stroke death and its public health burden
More research is needed to understand how physical activity and diet interact to
promote health, how changes in one affect the other, and what comprehensive
prescription will be optimal in disease prevention. Future studies should shift from
examining the independent effects of diet and exercise, viewing them as a cooperative.
mutually beneficial factor in health and disease.
Our findings suggest the important role of promoting a healthy lifestyle in the
primary prevention of stroke mortality. Given the results from this study, it would be
valuable to carry out further investigation in a new study with longer follow up for
adequate numbers of stroke subtype, and better baseline and follow-up measurements to
understand the relationship between different types of stroke and diet and physical
activity.
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APPENDIX A: ADVENTIST HEALTH STUDY-1 QUESTIONNAIRE 1976

LOMA LINDA UNIVERSITY
.SCHOOL or HEAL TH
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ABVIMTUT HtAJLTH ITUBT

Dear Church Hcober:
About a year ago the Adventist church menbers in Colifornib had the
opportunity of enrolling in the Adventist Health Study by completing
the census questionnaire sent to all Adventist households. We greatly
appreciate the interest your household has shown In this research
study by returning that completed questionnaire.
Many church leaders, including your pastor, consider it the most
important and comprehensive research study ever done on Adventists.
Trying to contact 100,000 Adventists was an enormous task which has
taken much longer than we anticipated. This important first step of
our study has located many missing members and was s blessing to others.
From our vantage point, we now see that this study has an even greater
potential for good than initially anticipated!
We are now ready to proceed with the second step of the study--obtaining
detailed Information on the various lifestyle characteristics of our
members by the attached questionnaire. It asks shout several items
regarding your health and ways of living. Each item included has
been carefully selected and pretested. All questions have been
suggested as possibly relevant to one's health status.
Each church member should complete the questions individually. Please
do us s favor by returning the completed answer sheets as soon as
possible after you receive the questionnaire. Our research assistants
will need to contact by phone those who do not respond promptly.
Please help us to keep that task to a minimum.
Please follow the instructions carefully and be as accurate as possible.
Your name is not requested on the answer sheets so that we can treat
your responses confidentially. The information from all returned
questionnaires will be combined and reported only in statistical
summaries of large groups of people.
Thank you for your prompt contribution to this research project, which
is likely to make discoveries which may save thousands of lives.
Sincerely yours,

Roland L. Phillips, KD
Director
dwh
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to that person or return it uncompleted to the Aovuntist Health Study office.

’-if
2. Do not proceed unless you have a pencil — read instructions on opposite page.

c

0

•t

3. What is your sex?

Female—EP«
Male --0®

$
4. Please mark whether your mother or father over had
any of these types of cancer.
sure to mark
"never" if they never had cancer

Ah^f£tc./iAi "MOTHER: Never had cancer—fl! I
A* s rc'AA c a/J-------- Stomach cancer- - —O
/Vn «3otvc. c/ivo .------- BoweJ cancer----------QiQ
/vt aRST<-^
/sh orriR

-------- Breastcancer-------- 0|z
--------Other cancer----—Qr> *

Fv^Oc/Sa)"FATHER:
p.£Tot+ CAti
—
F[&O101. c------F OTHRC A
------*

Never had cancer—u! 35 '•
Stomach cancer- - —Qj fn
Bowel cancer--------••DiSOther cancer -----Q Q *

------------------------------------------- -- -

5. Has a doctor EVER told you that you had any
of these conditions:
Mark "yes only for conditions diagnosed by a
doctor, even if the condition is no longer
present Be sum to mark no ' for conditions you
have never had.

Heart attack or coronary.............................. no —O' ^1}
{myocardial infarction)^^^^ 7~co*- yes—OlcB ^

nr

-0 3;
i rrttc/f?5#/* yes
no -02:
73

Stroke or apoplexy

™m:

High blood pressure

FtGF &f°

yes

*D ? i
1

^7A'amrBS no “SlS

Diabetes

Diverticulitis or diverticulos's
D, dZR Tfc
Cancer or leukemia

no -QL-:

yes—Lis
•Z
no —RlO
yes—Oj j
?

-Oil
Z/tjieurt/^T *no
yes—0| t

i

-Dj«!

Rheumatoid arthritis -

yes—D

»

Other arthritis or rheumatism—no — D**^ t
oTHAarti* yes_D|0
Prostate trouble (enlarge^ prostate)^—- -no

-D!§!

yes—D'S J
Lump or cyst in breast

U“ !

2.^
'

—p 33 '

yes—Dirrji

Ulcer of stomach, duodent^n—/^-/ —^-^rio —OjlTi
or small bowel (peptic ulcer)

{/ yes-

Was this diagnosis made by an—
Xray (upper Gl or barium swallow)
6. Have you ever been bothered enough by
any of these allergic disorders to
require you to seek treatment from a
physician? Mark all that apply
It none of these apply, he sure
to mark none "

yes—'
^ ^
no -G$’

yeS-ar:

Asthma...............................
Hay fever .......... ............. .
. —y
Reaction to medications
A
—
Reaction to chemicals - - - A
” **
Reaction to bee sting
-S ^,07 £ i &■
nu IT.*
Reaction to Poison Oak (tvy}^^her.^att*r. — 0:
None of these...................rvt^i~u’rj'.Cr. _
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7. How long has It been since you las* obtained I ho services of
a medical doctor for any reason?
C.
8. Have you ever had a SURGICAL OPERATION to:
Be sure to mark “no” tor operations
you never had.

__
/ Sc

^

Less than 1 year —0
1*2 years
~a
3.5 years
~0
over 5 years---—0

Treat varicose veins

•no •♦0
yes-*Q

Repair a hernia or rupture
So/Zri&X'»t~

no —0
yas-~0

Remove or treat hemorrhoids (piles) - - -no — 0

yes—0

0 <2 J

Of f

}

H® ,
0 5 *

D O5
0O

Ozi

°o
oh'
Qm:
nh
Jj§!
om)

Remove or treat a peptic ulcer.......
(ulce.rc>^stom^ho£small bowel)

■no —0
yes—0

Remove your gallbladder.................

no — 0
yes—0

eg;
o

Remove your appendix
So/Z /*f>S>/3/0

no — 0
yes—0

g";
02*

Remove your tonsils - -

33
no -0 Dyes-0 | 0||

SOR&/U.CQ

S U /Z J'OS’itJ Cm tm

3,

>;

yes —0 j 0 |
no -0 ! 0 i >

Remove your prostate •
R

m*

no -0 I do

Remove your uterus--SzaRh r/sIZS
d,

OCBJ

yeS~£_ 0 j ;

iZ U Cm 7^

9. Which of the following drugs or medicines
'^Aspirin. Bufferin. etc.--___..y GiC ‘
do you take fairly OFTEN fence or more per week)? S ~''^Stronger pain reliever -•
-0
If none of these apply be sure to
**£&,*'
Medicine for indigestion
mark none
Laxatives------------------0
T/ZAei PL ^Tranquilizers (pills for nerves) -—►O
iiLEpP'LL Sleeping pills..................
-D
ci*> Pep pills (dexedrine.
amphetamine, "uppers")
-0
(S/cizrzoL i g Beer or wine or liquor-----\
;p» j
<-sir'**•■*'*! Caffeine drinks (coffee, tea, cola) —0 i Di rn *
,aJ insulin or pills for diabetes — — —0 ; Dim*
✓vi <r
oc •-'•v tf/^edicine to lov/er blood pressure — 0 i
co!
AIoaac
None of these.............................. -D I Dirn*
---------H 0i> I
10. Mark the box which comes closest to how often
Less than twice per WEEK — D i
R t
you usually have a bowel movement (BM)?
2-4 times per WEEK........— D j Qlj; {
Once per DAY.................— 0 I 0i‘
Twice per DAY.................— 0 !—|S j
_______________________ ___________________________________ More than twice per DAY — Oj Ql
•
'Oa. Are your bowel movements (BM*s) USUALLY hard, dry and difficult tc rush out?
- no -IP 0! ¥ ‘

0'25
uz*

obi
No •
u;m •

s!i!

yes - D \ 0;

/j/V1Ccv/V'/r>

11. Have you ever had a positive reaction to the
skin test (PPD or tuberculin test) for tuberculosis?

r^re
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no-

— 0 ! D™

yes----------- 0 ! D!h
not sure — 0 * Dl

i

S438-S33

>

MEN SKIP TO PAGE 5 -- NEXT 2 PAGES FOR WOMEN ONLY

D

0 «

a D f» «•

12. Mark tho ONE category which
Currently pregnant or nursing a baby
currently applies to you.
Having menstrual periods regularly...........
Mark only one.
jOtfGzS /vtcoA/ Having menstrual periods irregularly------ Menstrual periods have completely stopped
(or never had menstrual periods)

D

OO

-S' ,_D oo

A

Oo

D
D

If periods stopped
^ Why did your........ - - - Surgical removal of uterus -}0
periods stop?
Natural change of life-------4Qi
/vi/=/os c rr?/3 other reason

H

3
Dm
02
OO
<
m;
: oo:
m
n
0o
33
j

0
; 0

^ About how old were you when your
periods completely stopped? Write the age here

and

a2

u

□

0
f

a

I
0i

m!

Mark the boxes
@1§ I Q
corresponding J niraj ! n
AG-£/v\% 7c/o to the numeral i
• a
written above.
gjg D

Sli

SiSi '
13. As nearly as you can recall, about how old were you when
you had your first menstrual period? Write age here---------

fB
00
0 01

and-

------------------------- ^Mark the boxes
/4 £ £ rvx iir /? r corresponding i 3
5
to the numeral
g
written above.

a

i
@
0 0
I

:D

14. Mark whether you have
BIRTH CONTROL PILLS: Never taken J?-c.
^ f-*
BC P A. (’
EVER REGULARLY taken
__ < J
'Taking now or during past year
either of these medications.
/s *. P tic f?o r ^Taken prior to past year..........
H never taken, be sure
to mark "never .
{//CHORMONE MEDICINE
Never taken
-D
/•/a* bo /ww FOR MENOPAUSE:
Taking now or during past year— 0
bo tlFoil. (Premarin or others)
Taken prior to past year
D
15. If you have ever regularly taken either
of the above medicines, mark your best
estimate of how long you have taken them.

BIRTH CONTROL PILLS: under 1 year - — Q
1-5 years-------- D
tecZc /°
6-10 years--- — G
over 10 years — D
HORMONE MEDICINE
FOR MENOPAUSE:
(Premann or others]
fj C' B
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av

c b

under 1 year- — Q
1-5 years- -- — D
6-10 years- -- — Q
over 10 years — u

D" «
: 2;

Dl=

5

d
d

! d;|
oin

D

0,

D
0

Dll <
D: I ;

'

I

Oigi
o;2i
i o iS:
0 0jj~!
L

G
D

d!h'
Q D!>!
i 0
- c

is;

0
0
0

□jm:
Di>f

iSi
0
0 I G?>
i Q ! Q!?S
; d ;0
■

io
nri
i r|
—

iSi
o2nS1
9 m;

L- ; Li 2
^ D ; 0|H
i 0 J Q| 11

86438-S33 >
5645*8-833^ |
----- j—i ®

0 I 01 W

D Oil
QMS
0 0! I
—! OlO
0 DO

ipation

16. Have you EVER been pregnant? Mark "yes" even if your pregnancy
did not result in a living child.

0
0

yes-0

no-0

D

0

17. If you have NEVER been pregnant, skip to the next page.
If you have been pregnant, answer questions (a) through (f) below.
a) How many pregnancies resulted in a
child bom alive at full term?

1-0
2-0
3-0
4-0
5-0

1-0

98
00
Ii

2-0
3-0

i
8

6 or more — 0

None — 0

M , SC/)K

/9GE1S 03

iHI

81P

°i1oj i

@ B j 0 i 0i |

,§ i

@!i
|8 8

—i *

! 0 012:

! o! o;2
I
1£

Sg i 0
! D
§

None—0
1-0
2-0
3-0
4-0
5-0

Bio
I 0

0;

Og
o:§;

D 0i£:
j 0
!rNever had a
0 { 0 ! 0
living child-0 I 0
0 ! 0:rn
Under 17-------Oj
! 0 '
17-18 yrs----- -0 j 0 i 0 j 0
19-20 yrs------ 0 !
0 -----1 0;^
21-22 yrs-------QjO
0 1
^
23-24 yrs----0 -------- 0 !• 0 V
25-28 yrs—-0 1 Q
0 j 0^
29-30 yrs----Q j 0
I 0 f—
31-32 yrs----0 j 0[OJ 0;£ :
33-34 yrs-- -0 | P ; jj! D;2
35 +yrs------ -0
Q 1 O r' ’

6 or more — 0

e) How old were you when you
delivered your first living child?

am
0 to

d ora
0 | Dig

le E@j jIQd I|

1-0
2-0
3-0
4-0

5-0
6 or more — 0
d) How many pregnancies resulted in a miscarriage?
(carried less than 6 months)

c

D

8 ' 0 Oi?
>
Is
3
§
t 0 C!
8 8 10 Oil
8 § i 1*2
i_ @ o1 gls>

4-0
5-0

ST Bo

D
0
o
0

None —0

c) How many pregnancies resulted in a stillborn child?
(carried 6 months or more, but born dead)

H ■

Os
Dm
0§
■---------<

6 or more—0
b) How many pregnancies resulted in a
child born alive but premature?

0o

0
G

0
0
0

None — 0

DZ

Q

0

S

f)
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During any of your pregnancies, did you
Alt ol them — :j
experience PROLONGED (6 weeks or more)
Some of them — Q
nausea end vomtiing re«tuiring your doctor to
None of them — ft
prescribe medication or hospitalization? /, Ro ^ r/ A 2\

i o

. Q
) []
j [j

;

1
* 0:i:
I 0 ;C;

i o j n:~*
i;Q;0:
■:
...j
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18. Write your usual or main occupation on the answer sheet.
Do not write 'retired". If retired or not now working,
record your usual occupation when you were working

—rl*
Ou «
0
0

Out of work- ^
-------- - n
Retired
Student, full or part time Ss?A trjB.d'XC.
Self employed
-0
fc /••np/cui~L —>Employed full time by someone else - - — 0
E
/* p/) nr ■*> Employed part time by someone else - — Q
Volunteer worker- -k'-*2t .<£. /IQ
Homemaker - — tiyjyy tz-P/i
g

0
j

0
0
0
0
0
0

o

0
0

n

D
| 0
! 0
j n

0
0
0
0

D
D
0

o
Q
0

□ o?:
D I '

D

Of

a a o;
D
0
0

0

D

ao^
hr
j

0 30*
0 m:
21
0 Qt

□ □

□

0

0

<t

0
0
88
E0
ig
88
88
§ 8
11
8
88
§ 8
88
00
§ i
3i
3i
8§
8 8
00
88
g
0

o

0
0
0
0

0

DOM
irn
on

o2;
m

D" i
Gjs*;
]>
)

o>2
o 0|2
D
i

0
G

Z

oio
a i

i
i

G
0

D

0

Oigj

0
0

D;2i
Z•
\H\

n ! Dir,'

B0 Dig:

Zf

G
0

a
o

33
0j> i

r* (

as;

n

0

-o ! o

0
0
0

\v>;
I 0
111 Oirn.
i— Q^>|
3J 1
i 0

0
j Q
0
I 0 ! 0
Q I G

Jo:
pj og

Always
-0
Often Sometimes-------- «- Q
Rarely or never — 0

23. For how many years have you worked for an organization
None
-0
owned and operated by the Seventh-day Adventist Church? Less than 1 year- - — Q
1 - 4 years
-0
5 - 9 years----------- - Q
10-19 years
-D
LDOfi SD/J
20 - 39 years
-0
40 or more years - — Q

J
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a
a

□

Very satisfied
-0
Somewhat satisfied — Q
Not too satisfied - - — Q
Not at all satisfied - — 0
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20. Which of these descriptions fits
you best? Check all that apply.

j: z RTT03

C
Q
0

occupation

Student (not working full time).........................................
-00
Military service .................................. ................ ..............
-00
Homemaker (not employed outside the home)...........
-00
Laborer (gas station attendant, farm worker, etc.) - — -00
Owner or manager of small business, agency, or farm
(insurance agent, contractor, etc )..............................
-DO
Owner or executive of large business or high level
government agency........... ............................................ -00
Operators (truck driver, factory machine operator, etc.)- -►0 0
Service worker (fireman, waiter, orderly, LVN, maid,
barber, janitor, police, postman, etc.).................
-00
Skilled craftsman or foreman (carpenter, plumber,
mechanic, factory foreman, painter, electrician, etc.) - — 00
Clerical and sales (bookkeeper, secretary, typist.
salesclerk, salesman, etc.)-............. -............................. — 0 0
Professions requiring advanced degree (doctor, lawyer,
dentist, college professor, etc.)-............. ............
-00
Professions requiring college education (elementary
or secondary school teacher, engineer, nurse,
lab technologist, minister, accountant, etc.)............... -00
None of the above categories fit............... -................ .. -00

22. How often are you irritated or frustrated by your job.
(Or regular daily activities, it not employed)?
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.9. In the first column mark the box which best describes the occupation you
wrote above AND, IN THE 2nd COLUMN, mark the box which best describes
the usual or main occupation of your present spouse (or former
spouse if widowed or divorced). It the exact fob is not iistesl;/0os£or.(_ SPOUSEmark the box which comes closest Mark only one
youoc c you

21. How well satisfied are you with your job.
(Or regular activities, it not employed)?
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24. Outside your usual work or daily responsibilities, do you
yes -0
usually got at least 15 minutes of vigorous exercise
£' x K o v" <<-' t\ no ~0
3 OR MORE TIMES PER WEEK?

T] Dig
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i o a0
3 3
3 3

□Q
DD

DD
0D

Very often........— 0
Frequently -—Q
Occasionally----- - 0
Rarely or never — 0

/U

c, C- $

1-4 per day
5-14 (& pack) per day--—Q
15-24 {1 pack) per day- - - — Q
25-34 (1 h pack) per day - — 0
35-44 (2 packs) per day—*• D
45-54 (2& packs) per day — D
Over 2¥} packs per day—► D
Under 5 years —
5-9 years---—
10-14 years--—
15-19 years--—
20-29 years--—
30-39 years - —
40 or over - —►
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'. Have you ever lived in areas of
air pollution outside of California?

No
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Yes. areas o! occasional air pollution Q j Q
Yes. areas of frequent air pollution—*- 0 s 0
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0
0

.......... - 0 i 0

33. For how many years have you lived continuously {not being away
for more than 3 months at a time) within 5 miles of your present
page 6 residence? Write number of years here-".....
........................
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31. Have you ever lived in Los Angeles County, Orange County,
Riverside County, or San Bernardino County? \? , V(>Cc/lL
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30. For how many years of your life have you
smoked cigarettes in any amount?
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28. If you have never smoked, skip to question 31 below. Otherwise
proceed with next question.
29. What is the greatest number of cigarettes
that you have REGULARLY smoked?

0
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0D
DD

£t//?SAnO.A*c:
Yes. currently smoking some — — 0
Yes. smoked in past but not now — 0
No. never smoked cigarettes
—0
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D

D 3

— DD

27. Have you EVER regularly smoked
cigarettes during any period
in your life (aside from possibly
trying them once or twice)?
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occupation

25. Mark ALL the VIGOROUS activities which you usually do 3 OR MORE TIMES |
PER WEEK. Do not mark an activity unless you do it on each occasion
lor 15 minutes or more Check alt that apply
a>
None of these............. -..............................................
/? o a> Running or jogging for 15+ min. - -........................... -Q
H.tCK Vigorous hiking or outdoor walking for 15-r min..........
ft . ft & Bicycling or stationary cycling for 15+ min.................. -.0
Swimming for 15+ min...................... -....................... -0
s Tennis for 15 + min......... .................. -................... -Q
U# frGAZP Vigorous gardening or home maintenance for 15 + min.
(shoveling, hand mowing, woodcutting, etc.)............. ~Q
K Other similar vigorous activity for 15 + min
,
(Exclude activities during usual daily work).................. — 0
V.(ri-ES, I S’ Any VIGOROUS activities for UNDER 15 MSN.
(Exclude aciivilies during usual daily work)
-D
26. Does your usual daily work or responsibilities
involve vigorous activities similar to those
listed in the previous question?
£>/}L 'r'Gs v

86438-833 >
S6438-53T" g

j

PiQ
0 | u

i 0 ! 0]
.J

(

I

riiUI
—i O—j

O

l_J __X Zl

I D
1

-> ---- -

34. Write your place of birth hero:
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occupation

i o

state or country
35. Find the code number for your birthplace
on the opposite page. Write the code number here........
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MOTHER or FEMALE GUARDIAN:
8 i gii 0
i
P
Moaa s O/i
Member of SDA Church ------J
0 i 0
Aa u e 6* o. ^ ^ Followed vegetarian diet............
a 0
-o
0 0
--- a
0 0,00
/V\
s p/» Employed by SDA Church
✓vw Zr-n c.vh « Warm and understanding toward me- - J
! 0 10 0
nnsoAn/i c. t-h Somewhat cold and detached
......... - 0
r -1—10.■AA/ofiA/w/? iTS PERMANENTLY absent from our home — Q
0:0 100
!§ §

DO
DO

D

i§!§ 1
s s o oa!o lili
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§ 8
i
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§
8
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§
§
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(to nearest inch)
37. Please think back about your home during the
first 15 years of your life.
Mark ALL of the items which describe
PRES
your parents or guardians during the MAJORITY
of your first 15 years of life.
Mark separately for mother and lather
Mark all that apply.
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36. What is your best estimate of your present
weight and height in normal indoor
clothing WITHOUT shoes. Please write
the numbers in the boxes on the
answer sheet and mark the corresponding
box belov/ each numeral
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S §
8 8
§

Mark the boxes
corresponding
to the numeral *
written above
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FATHER or MALE GUARDIAN:
r/? 7/V R s i> /» Member of SDA Church - G
f ucC-b'i t r Followed vegetarian diet
• - 0
Employed by SDA Church
- ^D
P £ A^/°
Warm and understanding toward me - —- U
rSP/v'cct.D
Somewhat cold and detached
------ — D
FpcFnnAtll
PERMANENTLY absent from our home -► C
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38. Have you EVER experienced long-term or
permanent separation (because of death
or other problems) from either of your
parents or any other person who was
very important to you? (If yes. r^^rk *.!< ihn
apply for both the first fifteen years ana iasf
three years of your life If no. be sure to
mark none".
r/>
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39. Approximately how old were
you when you first began to
Irve in a home where some
one, other than yourself,
was a member of the SDA
Church?

p G-ez 11- s z>A

Less than 1 year old — 0
1-4 years old
-0

5-9 years old-------- - 0
10-14 years old--------- 0
15-19 years old--------- 0
20-24 years old--------- 0

14!

_X

_J

3

40. During all the years you have been an
Adventist (or lived with an Adventist) how
often would you say you have actively
participated fn the following church affairs?
Holding church office:
Nearly always- —
Frequently------- H&<■
F^
Occasionally------ Rarely or never —
Assisting in Adult or
Children’s Sabbath
School Program:

rsS
Attendance at Midweek
Prayer Meeting:

/V\ to PF S* V*
Attendance at Church
Social Events:

CHSqc,PL
Assisting in Other Church
Activities (Pathfinders.
Home Missionary. Health
and Welfare. Ingathering,
etc) o ttichper

i 2 11 !
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Nearly always
— 0 | 0
Frequently -...... 0
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Occasionally
— 0 i Q
Rarely or never - 0 j 0
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30 or over
o DO I 0 Is
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I have never lived with an SDA member — 0
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occupation

Spouse
-0
Son or daughter —► D
Other relative very
close to you--------- 0
Very close friend—► 0
None of these-------- - 0

ps J p£

LJ

City

DURING FIRST 15 YEARS Father- -0
OF YOUR LIFE:
Mother -0
Brother or sister - 0
Other relative very
close to you--------► 0
Very close friend—- D
None of these
0
DURING LAST 3 YEARS
OF YOUR LIFE:
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completed in school. Write the grade here —-
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42. Mark EVERY individual
grade for which you
attended SDA schools.
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Elementary
school
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8 hours- 0 0 0 0 0,
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9 hours— Q Q 0 0 0
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Mark the boxes
corresponding _<
to the numeral
written above.
45. On the AVERAGE weekday, how much
time do you spend in the following
activities? Mark nearest amount
of time Be sure to mark in
correct column.
T S ciS er® Sleeping—.......................
Ti-OSiT TI/ Watching television-------ToTH/icr other leisure activities,
sports or hobbies, etc TbuS t/Personal devotions-------TCHlib Time with children
who live in your home

a
0
0

\

0

slate or country

§ 8
00

\ Z
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occupation

11
--------------—-------- it yes
How old were you at the time
of your first marriage?
Write age here....................... .. •
and
/W/9 fi n/tu-

(4!

”1 Z3

city

D

----------- > Mark the boxes
corresponding
to the numeral *
written above

A'h /* )* /Z f£5 to
44. Have you EVER been married?

t>

0 @ @ S

High school — @
@ 0
College--------*• 30S0
AJOS D/ISC H
Never attended SDA schools —
43. If you have EVER been baptized in the
SDA Church, approximately how old
were you when first baptized?
.••’
iiVnfe age here............................ ' ’ *
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. When following your
usual routine, about how
often do you eat any
type of food between
your regular meals?

e/i ra;vu?/u.

0

• Do you now live within the
city limits of a city or town?
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e following questions, please mark your first
1
.tion regarding YOUR feelings and attitudes.
There are no right or wrong answers!
yes— Q
Are you satisfied with your present
no — Q
family life?
5,/? Tr/)** ^ P

1i
a ;

. To avoid arguments, I usually keep
my opinions to myself. ^ O/° 4 /O S t- F
I wish I could be as happy as
others.
F flPPY OF H
, These days a person does not really
know whom he can count on.

Lo ritp c*,r-o/0

. I often feel that I face so many diffi
culties that I cannot overcome them.

C/1 A/

I have never intensely disliked
someone. /v i7/V
/J 01 s

S
I i
0 £

§

yes-0
no—0

0
0
0
G

yes- 0
no-— 0

Agree -- — 0
Disagree — Q

I think most people would not attend church
so often if others did not expect it of them.
AVOi- 7-/’SO Q.

yes—Q
no- - 0
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D 0
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0 0 0 D0 I 0
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00000 ' Q
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It is best never to show your feel!
to others. 3 }-jO(0 ? E c L

Agree -- — 0
Disagree — 0

a. u^udience and respect for authority
are the most important virtues a
child should learn. (.J f'> iZ O
fz i A/\

Disagree- O

DDOOOiOlO

yes— 0
no- - Q

LDO 0 0 D ! 0 1 D
G I 0
D G

0.1 sometimes try to get even, rather than
forgive and forget. T fc'i (<■ T £ V
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■ Would you describe the area surrounding
yes— 0
your home as a “rural area”? L.fZfU./)/) no- — Q
About how many homes are located
less than 5-0
within a 1/4 mile radius (2 city
5-10
blocks) of your home?
H<>«vt/?/y)Ver ■( q , „.
fj
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state or country
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occupation
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Practically never
-0
Under once per day------- Q
Once per day-0
2 times per day
-0
3 times per day
-0
4 or more times per day - Q

_J

^ 0
Q

city

0@0@
0

Under 1 glass — Q
1-2 glasses
Q
.
ZPSl T 3'4 passes------- 0
(^/9T&*
1 5-6 glasses------ Q
over 6 glasses — 0
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ff643a-83T £

What type of fat is FOR FRYING: /Vegetable oil- 0 i 3 § § §
used in your home <1 K rP- t '^vother fat
—Q
§ 1 @ §
•ying and
FOR BAKING: /Vegetable oil - Q
>ng?
C A'/^^'^VOther fat------- - Q
ai@@
About how much water do you
usually drink per day?
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61. Each of us belongs somewhere along the line
between two extremes. Mark the box which
is closest to where you feel you belong along
the line between EACH of these extremes.
(For example, if you are always rushed, mark
the box on the far left end of the first line.
If you are never rushed, even under pressure,
mark the box on the far right. If you are
somewhere in between, mark the box which
fits you best. Please mark only ONE box on
each line

' 31 D!

S HE0

Always B □ □ □ 0 D D 0 "fl-B Never rushed
rushed
even under
pressure
SOITE

fJeVe, SattO 0 0 a D 0 0 0 MCgualS,
/JC O P £=TV
NOID □ 0 □ a □ D a-HVery

ve

competitive

!

-rfrAJC-H 1 / aa

tTffl □ 0 0 D D 0 frMTry.0tdOn9s
one at
a time

rt 0 r

at once

l

Fast eating, B □ □ □ 0 □ □ 0 D.9 Slow
walking,
doing
etc.
SlTFBBC things
•Sir on □ □ □ 0 □ D D B-ft-B ^presses
feelings

!

Many B □ □ □ □ 0 □ D"B-B few
interests
interests
outside
of work
monthidayi year
62. Please write your birthdate here —
ana —

AAt. /V 3 < £ 7 //
r a, fiiH
C r AJ <3 . K TH

QJan 8 § Q18 § 8
QFeb 0 BQ19 0B
QMar
§ 0
1
'
x; * rn
QApr § I
QMay
-------- > Mark the boxes
i8
corresponding to the < QJun
I
QJul
8E
month, day and year
QAug
written above.
B 0
E
QSep
B
§
DOct
8
QNov
□Dec

a
a

63. Please tear out the answer sheet opposite
this page and proceed to answer the
questions on the next page.
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'1. Whal ONE type of bread do you use
most of the time? Mark only the one
type used most frequently

UKE/i oton r
BABsibttoO
3 fieA os/3 co
Qst eAT>orW

65. Mark the box which comes closest to how
often you use each food when you are
following your usual routine. Be sure to
mark in the correct column and mark "never"
it never used.
ik)
<>)
O

White fenriched or unenriched) - - — 0
100% whole wheat or whole grain— 0
Sprouted wheat or wheatberry-— D
other (rye. cracked wheat
pumpernickel, sov. etc.)

C

C
\Z

c

- □

a. Regular coffee (not decaffeinated)--(a)
b. Whole milk fnot low fat or nonfat)---(b)
c. White bread [not dark)
-(c)

f?
c

Never

CURRENT
USE:

C t'i R C OFF B
O'*/? ton L
*
O U fl Cu hT B R

CUR & CC-S
C7\ Re /-/eg £
c. u A /o\B ATc,
C74 A
S*Z T

a.
b
c.
d.

b

C
<
r

•

- ooa

Less than once per WEEK— D D 0
Several times per WEEK
D Q D
DCO
Once per DAY - - 2-3 times per DAY
-ODD
- DDO
4-5 times per DAY
Over 5 times per DAY- - D D G

itr
rr;
* >•
mm-

C

rn
2

Eggs (except those used m recipes) -(a)
Cheese (except cottage cheese) - - - - {b}
Meat, poultry or fish
(OSweets and desserts
(dy

p:
4 c b > i ill

CURRENT 1 Never
- 00D0
USE:
v Less than once per MONTH — D D D Oj
- G G □ 0; I
rn 1-2 times per MONTH
- GO GDI.
1 -n-2 times per WEEK-- OGDOI1
J 3-4 times per WEEK - ■
p 5-6 times per WEEK-- 00 G DiO
- DOG 0;C
l Once per DAY...........
g More than once per DAY---— Q D D Qi^

[

?"T*

66. Please read entire question before making marks,
Think about your dietary habits in the past
including your childhood. If you can think of
a period of 3 years or more when you used any
of these foods substantially more or less than
you now use them, mark how frequently you used
them at THAT TIME. If your use has remained
essentially unchanged, mark the same category
which you marked above. If you have difficulty c.)
recalling your past use. please give your best
guess. Be sure to mark never' if never used
in the past
ps 7 £ c C-s
p
C n ec B
p % 7Ane ate
P&T£>£$ fZ T

C
•it;
;Z

a. Regular coffee {not decaffeinated) - -{a}b. Whole milk (not low tat or nonfat)---(b)c. White bread (not dark!
(c)-

!z<

Never-—........................ - DOG j>
Less than once per WEEK—- 0 Q Q
Several times per WEEK----- * DOG ;
AC r“co pFc. Once per DAY - - T — GOD E
2-3 times per DAY
- ODD rr.
- DDO !>
psTouK? B R 4-5 times per DAY----— DDO iX
Over 5 times per DAY
PAST
USE:

iO

a
b.
c.
ci.

Eggs (except these used >n recipes)-(&)•
Cheese (except cottage cheese) - - - - (b>
-(C)Meat, poultry or Lsh
Sweets and desserts
(d)-7

!□:
D

'l l
d

PAST
USE:

page 13
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c

!o
C

b

l\<7
*• •

Never................................. - .............
0 0 0 DP.
Less than once per MONTH— ODD 0,£
1-2 times per MONTH
— 0 Q D Dip
1-2 times per WEEK
-----DDGDi
3-4 times per WEEK
3000
5-6 times oer WEEK
- DO GDi
Once per DAY
D G 0 D!
More man once per DAY —- 0 D D D
page 20
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67. For each age period of your life, mark how your use of each of these foods
J
86438-833
compares to your current use. Bt> :;/?<"■ to mark ants ol tim 4 choices lor each age oencO
of your hie. even it you have (o gue$h II your use changed substantially during a
particular ago period, mark the category which best describes your use during the ma/onty
D
ol that age period
0
Regular coffee: Used much MORE frequent than now - - - (M)
(not decaffeinated) Used about the SAME as now
(S)
Used much LESS frequent than now - - - - (L)
D
NEVER used
(N)
n L s M

Cof7</vdC
co/= oc r 3
CO? 13 I n
2*1
C«^/= 30 S *1
cop ho v

Meat, poultry or fish:

Under Age 6---—[-j
A9e 6‘12~,'n
Age 13'19^n
Age 20'29-*-p
Age 30-39-N
Age 4°-49 H

SS
Hn
nn
rj n
n0
nn

S
n
r
n
n
n

w£/)r

*i

MiEAT 30 5^

WE/)r HO ‘ft,
MEAT

Under Age 6- -- ^

UwOC
OG/2
111 c!
ZOt*?
lO 4 rl

syi',1.

0&

k ot i 2.
M.Ctr ) ?! 7
/*y. i tr :cz‘}
An 'i L rr .?< O’
A/u J ^ Yc‘ V 7
M.l E s.X- Cv
Continued on next patfe*'
<*'<■' ( *1
M.Jrx ~?o £

□ an

£

to

-icr.

DD0D }
0 0 0 Oj.
DODD*
D D D DC
ODD DC
ODD DlC

Age 40-49- 0 n r n

Age 50-59- 0 000
Age 60-69- 0 0 0 0

c

rr

------1

C,

6— ^DDOD pi 1
6-12
13-19
20-29
30-39
40-49
50-59
60-69
70---

-DDDD
^DDQD
^DD□D
^DD0D
_D0Q0
^ D 00 D
^OQOO
^OODD

i t .
ODD
DDD
DDD
DDD

^
ft
L
r

sc
DOD t,
DDD \F
DDD 12;

c

T

:

!C

sdll

Ct
U"derA=: t,2: OCGO (lofifif
A?ei^

DDOD i nnoaiD

Ace 20-29- :;E0a i o c o d i
Ace30-3°- OODu DODD
AeeJwi- OUGO : ODDD'

Age 50-59 ^QDCDiDaOQi
o 0 0 a:
Age 00-69 ^ 0 0 rJ 0
g
j
d
Over Ape 70

.. g o ; opage
o 20a;
o/. /.?

170

IT

DOD

Age 20-29-pOSQ ! ODDD
Age 30-39- 000 0 0D00 '

Under Age
Age
Age
Age
Age
Age
E&cs go V 7
Age
tecs <pvs~<t
Age
&cci to c o
Over Age
eccs 70 e
Used much MORE frequent than now---(M)
Used about the SAME as now------ ----(S)
Used much LESS frequent than now - - - - (Li
NEVER used
(N)
/vn.'c A"71

page 14

i<-

D 0 D irr"
ODD ’1^
D 0 0 n.
DOD t;
□0D C

0 Q 0 D ...~i

n]
» t s »

Whole milk:
(not low tat
or nonfat]

;C

Age 6-12-0 D D D pi I
AgeiS- 9-DDDD I f4 ^C

MEAT COt't/
Over Age 70------ ► u L U u
ME A T '70 €
Used much MORE frequent than now — fM)
Used about the SAME as now
(S)
Used much LESS frequent than now------(L)
NEVER used
(N)

EGGS
EGc S
BUS
EGG*.
BGC I

2.

C

rr
!£:

co
u''
Age 50-59 —■ ^
b „
ho F CO
ei
Age 60-69-H H n n
CoF-joF.
Over Age 70 — — ^ ^ ^ ^
Used much MORE frequent than now - --(M)
Used about the SAME as now
(S)
Used much LESS frequent than now------(L)
NEVER used
(N)
WE/i T ?<so £) C
/vr EAT O G t 3
WEFT 11 i *1

Eggs:

nl

C

c

n

~6n -a

\ o _ -jt;_

___

J Z3 __I
86438-833

White bread:
[not dark)

i

Used much MORE frequent than now
Used about the SAME as now----------Used much LESS frequent than now - - - - (L)
NEVER used...................................................fN
«

U 12/ZD
to 3 Z & oC’ '‘Z
OofliZti i* t f
(0 8# * ?OZc)

Age 3M9Age 40-49Age 50-59-*Age 60-69—

C

z

4"
X

rr

ODD

! D 0 0 0 I 0 0 0 Ic
‘------- 0 0 0 M {
» L « a

Under Age

6------*- 0 0 0 0

j-----1

i

Age 6-12- ^ 0 D P ,“H

Age 13-19- 0 U 0 0
Age 20-29— 0000

Age 30-39Age40-49Age 50-59Age 60-69Over Age 70—-

Tl

Age 20-29Age 30-39 Age 40-49—
Age 50-59Age 60-69Over Age 70---

-\

j« t ^
|
; 0000 i

ODD F£
i\>

: mm--..
m**':
«r*r '

j

OOOOjOOOOj—li
z
0000 1 0000 I I * b »C
OODOiOOOQiOOOC;.
OOOD OOOOlOOOO!*
OOOClODCOiOOODii

N

L

1 0DQ0 ! 000
00001000
■ 0000 ! 000
000

S

M

r
n

QL
01^
OiC
D!C

a o o o;^T

i. s « ------- 1

0000;0uQ0pli ,
0 0 0 0 |00DD! t I
0 0 0 0 ! 0 U 0 D j ODD
0DD0j[3000^Q0Q
ODODlOOaOiDOO
ODOOiOOnOlDOO

c
rr

P
3^
r

rr

o
rr

! oooa oao

Used much MORE frequent than now - - - (M)
Used about the SAME as now
(S)
Used much LESS frequent than now----fL)
NEVER used
(N)-

' GOOD ! ODD
000 D I D□ 0

"

Under Age
Age

r

^qoodIood ip
: q c d o io o a

Under Age 6-— 0 0 0 0
Age 6-12— 0 0 0 0
Age 13-19- 0 0 0 0 ;

poS- koCit
poR. kl3 i*!
p& fik ioZ<f
poR k3o3<i
poR ki®
polk
fX-fi k to C 4
pCiRh yof

0

Over Age 70-—* Q D G Q ! 0 0 0 0

Used much MORE frequent than now - -- (M)
Used about the SAME as now
(S)
Used much LESS frequent than now-- - - (L)
NEVER used
(N)

68. At the present time are you ACTUALLY
FOLLOWING a special diet prescribed
by a doctor or dietitian?

|-------------- 1

0DDD
3 u a 0 I---- 1
i.
DODC DOCD—lli ip
^ 3 D Q ! ODOO | J t ! &
DOOQluODujOOO H.

Used much MORE frequent than now - - - (M)
Used about the SAME as now
(S)
Used much LESS frequent than now------(L)
NEVER used(N)

SEEZ-U^C
BeezoCiZ
8BE £ i31 *i
teERzoZi
ftcE/?3o3'{
QSE 2
f
iJSC Z so -i'j
Qcefi Cot k
G£££706
Pork products:

M

c
c;

Ags ltzs~ G 0 3 0 !5 a 5 D

DBiSW/oOC
DessoG/3
D£iS 11
Dessco zv
Dess
Desswc**
t>esssr> -s-f
&essc,o64
&£SS/c,c
Beer, wine or liquor:

S

:a
!a

Under Age 6- —u u G 0
• j
Age 6-12-*- 0 0 D 0—i l I ,,

U, 8.!? D <40 Hq
CoQiZ 0 4^4^
Co ,2 2 0 60 6*
Co (i/20 ?C £
Sweets and desserts:

L

I o

r

5

c

i

r

w ;--------------

6------•- ODOiJ ------- !
6-12- 0 D 0 0 -,

C

!

|------ 1

ic

!

c
Age 20-29- 0 0 0 0 | OpD H ! ! IF

Age 30-39 — 0 0 0 0! DD00 i 0Q0 0!$

Age 40-49- oogDionoQioogo:L
Age 50-59

Age 60-69- DQ0C: 00Q0 I 000 01
Over Age 70--- 0 U 0 0 ; 0 0 0 D i 0 0 0 Os
-DDGQ OOOOi

Spec.b, £ t~
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yes-*
no—

0
0

»a o o o o o d o:
j 0000!gooo
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59. Mark tho box which conies closest to how frequently
16 I
you NOW use each food or beverage when following
your usual routine, w - u<<: to mar* a: the coirect
column and mark never ' (or hods you never use
You should make
a Low fat (2%) milk(a)
15 mark* for this
b. Nonfat (skim) milk--(b)
page.
c. Buttermilk(c)5r *? •£ OX'Y'A (?_ (d)d. Soymilk---

□

I I

N

<icb»

CURRENT Never--------!
USE:
Less than once per WEEK--—j
Several times per WEEK - - — j
Once per DAY........... -......... —i
2-3 times per DAY--...............—j
4-5 times per'DAY-.................—I
Over 5 times per DAY--------- —j
C-DSivfniZTD

a. Sweetened real fruit juice------(sweetened grapefruit juice,
fruit nectars, etc.)
Pfi r b. Unsweetened real fruit juice—
(fresh, canned or frozen)
i>FfZT‘DiZ fp C. Fruit “drinks”................................
(not 100°* real fruit iu<ceHigh C, Tang. Grape Drink, etc.)

L-OcCoA
(LOOTJiSrt
c D Clc£f>LJ 'j
Cb

page 16
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a.
b
c.
d.
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M

14
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D

D
D

f

DODO |—|

GOOD'-TI
D
D D D D !l } I i
DDDD ; ODOQ
DODO, DODO
DDDD , DDDD
DODO ; DDOC « b *
DDDD;DODD ODD
0000:3000,000
------ ! QD0D I 000
i 0 0 0 0 D00
10 0 0 0 000
0n0
000
N 1 S M
0000
0000 ;

71

I

A
;<leb»

i

__ I

=nl,
DDDD
DDDD

I

:

15

LJ __J

□ ODD
DODD
DODO
DODD
DDDD

CURRENT Never or almost never —
USE:
Less than once per WEEK - —
Several times per WEEK--- —
Once per DAY---.................. —
2-3 times per DAY-------------- —
4-5 times per DAY------- ------ —|
Over 5 times per DAY-------- —I
CD/? BC-Cot- a. Regular coffee (not decaffeinated)-{a}
C OGLb; TEA b. Black tea (not herb tea)----(b)
c PhTL-HoC c. Hot chocolate...............
(C)
[>o ~/-/ c ~ b d. Other hot drinks ...........
(d)'
(Postum herb tea,
decaffeinated coffee, etc.)

16

DODO
0 0 0 0
0 0 0 0
D000
0 0 0 0
0 0 0 0
0 0 0 0

C

c

2
C
2

nr

il
C
<

rr

rr.
T

c
>

0 0 0 0 ! K L $ M j

DD00 i DOOD —|

D D 0 0 i 0 0 0 0 h 1 i i!Z
0 0 0 0 j 0 0 0 0 Jl I ! Q
ODOO’DDGO DOOOi.
0000 DODO 0 0 0 0:'

DDOcioaon ooooii

(a)-

10000
I D0D0

DDDD;.
D D D Oi1

i o o o a a o a ojo
n o d Die
d a d o:z
* l S M j
dodo I—,
—
(It
c
0 D 0 0 l-T] 1 , ---rr

(b)-

(O'

CURRENT Never or almost never-------— j 000
USE:
Less than once per MONTH — ! 0 0 0
1-2 times per MONTH.........—! Q □ Q
1-2 times per WEEK................-i 0 0 0
3-4 times per WEEK........... --j 00 0
5-6 times per WEEK-------------- H 0 0 Q
Once per DAY--------- ----------—; 0 0 0
More than once per DAY----- -j 0 0 0
i
(a)--------Cola beverages------- ------------(Coke. Pepsi. Dr Pepper, etc.)
Other soft drinks...... ................ ---{bjI
i
(7-Up. root beer, etc.)
Beer or wine ---------------------(C)'
Hard liquor----------------- ---------(d)-

J

oDDDDj
o □ o nDOMDOJ !-n
hi 1
ddod!oooo J!. [=<
iQ00D 000 >
oooo non [I
0000 000 JTi
0 0:0 0 0 0 0 Itr.

0000
dodo
0000
0000

I 0 0 0 0 0 0 0 Ifri
: 0 0 0 0 i 0 0 0 ,3>

ITt
| Q00D |
i

N

inoooiooa is

IO

t

c
—I —I j ! S 5 9 S !i i 1J i—i !£
! ! 11f ! DODO 00D0 t!! t;F
--I oooQiononooooiOonois

CURRENT NeverUSE:
Less than once pet MONTH—: iM| 0 0 i 0 0 0 0
1-2 times per MONTH
-i CUOUiODQG ;
1-2 times per WEEK............. -; 0 000 !0000!
3-4 times per WEEK - --10 0 0 010 0 0 0
5-6 times per WEEK..............-| GC0D ------------------Once per DAY...................... ~S 0 0 □ 0 i J
Contmueo on ire*! paqe
More than once per DAY-------i 0 0 0 0:0
‘
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0 0 0 n
CD00
jQOQ
C 3 0 0
00 0 0
3 0 0 0
0030

* 0 H fl 0!D
ODD PE
; 0 00 0! ‘
1 0 0 0 0i
! 0 G U O'
J C 0 G O'
I 0 0 0 Li:
page 2D

1 7
NOTE: You should make 12 marks for this page.

a. Beef-steak - - - - ---------- --- ^
------------------- - - (a)J-?~ 13r~_
------ - -(b>
b. Beef-hamburger----- .
^ f- S-~
-------- - - tc)c. Other beef or veal [roast, chops, ribs stow moat, etc J
CURRENT
USE:

1

Never
Less than once per MONTH —O
1-2 times per MONTH
1-2 times per WEEK- -—3
3-4 times per WEEK- ---- 3
5-6 times per WEEK-Once per DAY---------------—3
More than once per day----- -*-n

—D

a. Fish---------- -- - ------------------------------0 <> /■= i .s a*- „
-----b. Poultry (chicken or turkey') 3b C>
/_-----<2 J>
c. Pork products
(O[sausage, bacon, ham. Spam etc )

I
C

CURRENT
USE:

Never
—3
Less than once per MONTH-—J
1-2 times per MONTH —3
1-2 times per WEEK
—3
3-4 times per WEEK------ —3
5-6 times per WEEK------—3
Once per DAY----------------- --3
More than once per DAY--------- -3
Oyjec-nrz 773. Vegetarian protein products ------ - - - - ~ - - taj
(any type of gluten, soymeat or nutmeat.
_
re dinner cuts, soybeef nuteena. etc.)
*;rvetr/w/^t-k Dried or canned beans, lentils, split peas, etc.-(b)
c. Nuts (except those used in recipes) - --(c)
3
c

CURRENT
USE:

c pc ft
c.oc c rc

Never or almost never- ------------ -3
Less than once per MONTH —
1-2 times per MONTH1-2 times per WEEK-----___ _ ~i
3-4 times per WEEK-----5-6 times per'WEEK------ —-3
Once per DAY-----------------_
More than once per DAY-------- <-J

Green salads (tossed salad cote sfaiv. etc )-------- (a)
b. Cottage cheese --------------- -------- -- --{b}CooKed GREEN vegetables -- (c)
[green beans green peas chard
broccoli, spinach, cabbage, etc.)
CURRENT
USE:

j

*
;
Continued on next nage

Never or almost neverLess than once per MONTH—.i
1-2 times oer MONTH
1-2 times D€?r vVEEK- ----T..
3-4 time 3 per WEEK- - 5-6 times per WEEK- - Once pe- DAY- - ------------- - - More than once per DAY- page 1 7
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i_j

l_J __I

__2
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i
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D

I
t
doodIoodouI i
□ odd doodRi!:
ODDD ODOOiQOOQ
DODD D D D D DODO
DOOD QDOGi DODO
OOOQ ODOOiOODa
0000 0000 i 0000
=7^ 0 0 0 0 10 0 0 0
___
____ 1 0 0 0 D
M

ait,

NOTE: You should make 12 marks lor this page.
<_
r
a. Canned or frozen fruit
_
(a)
b. Tomatoes (fresh or canned)
c. Raisins, dates and other dried fruit (ci-------- J
‘ZdStT/- R

c

c

1
b

a

Never or almost never
-000
Less than once per MONTH— D 0 0
1-2 times per MONTH
-000
1-2 times per WEEK- -000
3-4 times per WEEK- -000
5-6 times per WEEK....... —- 0 0 0
Once per DAY
-000
More than once per DAY- --—ODD
a Fresh citrus fruit (not tuicej C p f R StiCTa)b. Fresh fruit commonly available in winter -(b)(apples, bananas, pears, etc)
c. Other fresh fruit
(cT
&c*TH >- R «-

c

b

<- [> CZ/)C

C > C.r>C riff's

a. Pancakes or waffles
b. Brown rice........—
c. White rice...............
•'')

<- £> PiOc H Co ~

A) C D (i>irP ,Zc£
i> \.o n T

Continueci on next oayc

fc

(by
(c)-

S «

NISH

e

b

a

000
000
ODD
000
000

a

c

b

a

0000
0000
0000
0000
0000
DODO
0000

ooo i----ooo i
;
ooo s

0000
0000
0 0 0 0 K t S SI
0000!0000
000010000
0000 ! 0000
0000^0000
0000*0000

oooo: coao
; ooao

71
*

71
c

b

»

ooo

t

Never or almost never
-000
Less than once per MONTH— 0 0 0
1-2 times per MONTH
1-2 times per WEEK-3-4 times per WEEK- -ODO
5-6 times per WEEK- ----------- 0 0 D
Once per DAY -0 0 0 I
More than once per DAY- - - — G 0 0 |
(aj-

l

GOOD '----- 1

0000
0000

000
000
000

c

b

a

000
000

ooo
000
ooo ooo
-ooo ooo ODD
-ooo ODD ODO
c

C. DbOSO^Ti

•

d

Never or almost never--------*-000
Less than once per MONTH— 0 0 0
1-2 times per MONTH......- - 0 0 0
1-2 times per WEEK
-000
3-4 times per WEEK
-000
5-6 times per WEEK------------ 0 0 0
Once per DAY
-000
More than once per DAY-—► 0 0 0
a. Donuts, sweetrolis, coffee cake, etc.
(a)b. Crackers (graham, soda, Ritz. etc.J-(b)
I
c. Chip type food (potato chips, Fritos. etc ) -(c)-------- } j
A t

b

000
000
000
000
000
000
000
000

!

I

000 i 00D

L

! 0000
j 0000

S N

!

C

□

c

0

c

0

2

rr
c

N

l

S

r;
c:
rr

T

c
rr

2S

J*.

jp;

z
<J

c

»

«

Q

0 0 0 0! i
0000
ODDD!!
0 0 0 0!.
0 0 0 0;*
D 0 0 Olo
0 0 0 ffC
D0D0Z

0 0 0 0 1—,
o o o o lTI
0 0 0 0 il { ’ ---- 1
0 0 0 0 0 0 0 0 -1 I
0000!0000 t+
c k *
000010000 ooo
ODOQjOGOO 0 0 0
000010000 000
0 0 0 0 i 0 0.0 0 odo
j 0 0 0 0 G00
i 0 0 0 0 [j 0 0
! 0 0 0 0 ODO
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C
<

b

000
0 00
000
000
000
000
000

1
c
rr.

z
>
2

£
fe

ij*

3

O

M

C

—!
o o o d i-H ! I f—i
C
< >. 71,(i ooao R
i h I mc
c i>» j ooo 11! ♦ ! ooqo ! oooo R !!!:?

1

Never or almost never--------- 0 0 0
000 DDD0 i 0000 ! 0000 S 000 0—
Less than once per MONTH- 0 0 0
000 OODOlOnOOlGODOlGOO DiP
1-2 times per MONTH
'--ODD COO 0 D 0 0 | 0 0 0 0“ Q 0 U 0 i 0 0 0 D|'
1-2 times per WEEK.............- Q 0 0 0 0 0 | 0 U C 0 j 0 Q 0 D * 0 0 0 0 0 0 0 Of
3-4 times per WEEK......... --- 0 0 0 0 0 0 ! 0 0 0 0 0 0 0 0 l 0 'J 0 0 ! G 0 0 Gl
5-6 times per V/EFK ......... -0 0 0 I
0 0 0 I 0 0 0 0 l---------------j GOOD i Q C 0 Ql
Once per DAY ...................— OODiOOO QDOQlO
' 0 U D 0 I 0 0 0 0:
More than once per DAY- ■ - 0 0 0;______ lOOaOiu
^OOOD 10000:
page 18
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a. Salad dressing and mayonnaise - -(a)'
[only that used in salads)
b. Whipping cream or other topping -(b)-------c. Soft or tub margarine.................... (c}<
thigh in polyunsaturatesspreads easily when cold)

i
io)cOA+*rUD Never or a,most never
Less than once per MONTH —•
.VcoCorfPCiz*
tlmes per M0NTH------Q 'ShSFT.'Aizc. 1-2 times per WEEK.............
3-4 times per WEEK----------:
5-6 times per WEEK.............
|
Once per DAY------------------More than once per DAY—

'V. -

a)

/v>£/U.\ S' * ?•
O

/v\J5 J) l ZT'/V\
A^B/iL ^ Si f

c.)

pnBAL ? T*
AAEJ\L~i 5T»

> >
/
1

O) jyA&AL'iTiw
yvn £/) t if S>T
E) /v\oi?if/v\BAL

/

70. This question concerns the size and
time of your meals when you are
following your usual routine.
5 a.m. —
STEP 1:
6 a.m. —
Mark the **§" box beside the time 7 a.m. —
that comes closest to when you
8 a.m.
usually eat your smallest meal.
9 a.m. —
10 a.m.
STEP 2:
11 a.m. ~Mark the
box beside the
12 noon-^
time when you usually eat your
1 p.m. —
biggest meal.
2 p.m. —
3 p.m. -*■
STEP 3:
4 p.m. —
Mark the “g” box beside the
' 5 p.m —
time(s) when you usually eat ALL 6 p.m.
other meals. Do not include
7 p.m.
between meal snacks, bui~ffrark
8 p.m. —
“S’ tor all other meals even if
S p.m. —
rfiore than one per day.
10 p.m. -»
t^11 p.m. to 4 a.m. —

K 71. Please think back about your dietary
j
i

D n> A/) 7" r^s H p
DD prC-0-^
C_)

habits in the past including your child
hood. Mark whether you have PER
MANENTLY decreased your usual
consumption of these foods at any
time during your life. Be sure to
mark in the correct column
a.
b.
c.
d.

!
!

DD SG-iZSCoT
Di> GOfr BB

i

Meat, poultry or fish—
Eggs............................ Sweets and sugar------Regular coffee---------fnot decaffeinated)

(a)(bh
(C)

(d>

No decrease-----------Decreased somewnatDecreased considerably - - Stopped entirely------- -------Never used throughout lifetime —
page 19
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r

RC-PoT/\
jS^\/)AC- VE CSA t T VEC
SAAK CG/tE D
H oTR. (3/2 E T>
AnAZC-CEfi-R.
S UGfcc-B/zlZ

C /ZaA HOTDJl
S VG-IZA07-&

12.

yv>u tJclt IMC

— -------------

CIO

type below, how ohon are the
indicated items added ct the table or
during preparation, 'fou should make
Igtfnarks tor this section
Never or almost never (N)
--(S)
Sometimes.........IF)--------- |
Frequently...........
(A)----- 1 I
Nearly Always * * r s n
On Potatoes:
- 0 0 0 0
Margarine or butter

On Cooked Vegetables:

»

F

S

H

- 0 0 0 0
Margarine or butter
Salt added before tasting — 0 0 0 0
* F S M
On Bread:
- 00 0 0
Soft (tub) margarine
- 0000
Real butter...............
A F $ N
On Cereal or Rice:
- 0000
Margarine or butter
Sugar (any type)--- 0000
In Hot Drinks:
A n n n
Cream or substitutes - — — 0 U Li LI
Sugar (any type)
- 0000

DAILY or more often-----(D)
Several times per WEEK (W+)-------Once per WEEK------------(W)-----(N)
Rarely or NEVER

1

Multiple.Vitamin Pills:
H
Never Use — 0 W
0
1 pill per dose----- — 000
2 pills per dose-------•- 0 0 0

V)T<Z

T
C

b

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

*

0
0
0
0
0
0
0
0

000 | L
ooo ! o
000 n
000 _
000 _
000 1
ODD*

A F S H
On Pancakes:
n
n n n
Syrup, honey, jam or jelly- D □ 0 0

73. How often do you take the indicated
amounts of these diet supplements?
Be sure to mark in the correct column
You should make 7 marks for this part.

\\

1

BBS
BBS
BBS

L

n

sag
b b a

BBS
BBS
BBS

ooo ! c

000 ! 0

s@a
ssa
aaa
asa
b § a
aaa

Vitamin C Pills:
M
Never Use -- 0 W W+ 0
under 100 mg
-000
100-499 mg -000
-000
500-999 mg 1000 mg or more---- - 0 0 0

0 0 0*000
0 0 0!
00 G ;000 ^

BBS
BBS
BBS
SSB
BBS

C

0
0
0
0

-□

orHV »'T/) M

QT ho s B TS

Vitamin A pills:

M
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:
fl
L
;

W W+ 0

Any Dose — 0 0 0 0
Other Vitamin pills:
Any Dose — Q000
Brewers Yeast or Wheat Germ:
Any Dose- 0 0 0 0
Other diet supplements (Lecithin, etc J:
Any Dose- 0 0 0 0
74. PLEASE^FILL IN THE A ITEMS ON THE
YELLOW-EDGED FLAP ON THE RIGHT.!
064979

8

0 ;
0;
0 i
0 i

ooo
ooo
ooo
ooo

Vitamin E Pills:
N
Never Use
W W+ D
under 100 units------ - 0 0 0
100 units or more------ 0 0 0

O'tT /)

»

0
0
0
0

, _ „ n
0 p ^
4 c t, . | 0 LJ li
0 0 00 ! 0 0 0
0 0 0 0 5 Oyd
0 0 0 0* D 0 0
0 p 00 | 0 U u
□ 0 d.LL-C-C.
r

r

UNIVERSITY LIBRARIES
LOMA LINDA, CALIFORNIA
MOTE:

THIS FLAP SHOULD MOT BE RETURNED IN THE
SAME ENVELOPE WITH THE ANSWER SHEETS
i . Have you received any of these medical
services within the last 12 months?
Mark ait that apply and specify the location
of these medical records Be sure to check ■
'none if you did not receive any of these.
D
D
D
[j
D

Stayed overnight in a hospital
Surgical procedure in a hospital
Special upper Gl Xray (Barium swallow)
Special Xray of large bowel (Barium Enema)
Bowel examination with a sigmoidsscope
or proctoscope or cofoniscope
D None of these

month and year of hospitalization or procedure
hospital name

\
city

state

doctor or clinic you usually go to
city

state

In order to keep tract of the occurrence of serious illness
among participants in this study, we need to review the
medical records you reported above. Please sign the
statement below giving permission to review these records.
This permission will make it possible for your doctor or
hospital to allow us to review your record.
I hereby authorize the Adventist Health Study of Loma Linda
University to examine my medical records filed in the above
mentioned hospital or doctors office.
your signature

date

Please return this flap and your answer sheets even if you do
not wish to sign this permission.

3. Please make any necessary corrections in your name or
address as it appears above.
<4. Who provided the answers to the questions
on this questionnaire?
H
The pe*Tmn whose name apooaro abovo
0 The spouse of that person
D Another person
5.SEE REVERSE SIDE FOR MAILING INSTRUCTIONS.
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