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Background. The aim of the study was to determine
whether there was a relationship between tea con-
sumption and the prevalence of coronary heart dis-
ease (CHD) in Saudi Arabia.

Methods. The relationship between tea consumption
and the prevalence of CHD was investigated using
multiple logistic regression analysis in the Saudi Cor-
onary Artery Disease Study. A total of 3,430 men and
women aged 30-70 years was studied.

Results. Of the 3,430 subjects who were assigned a
category, 6.3% were classified as having indications of
CHD. Those who did drink more than 6 cups of tea
(=480 mL) per day had a significantly lower preva-
lence of CHD than the nontea drinkers (P < 0.001).
Adjustments for risk factors including age, gender,
occupation, education, smoking, family history, blood
lipids, diabetes, blood pressure, BMI, physical activity,
and coffee and fat intake did not remove the signifi-
cance (OR = 0.49; 95% CIl = 0.24-0.96). There was a
positive dose-response effect between tea consump-
tion and CHD (P < 0.001) that was persistent after
adjustment for various risk factors (P = 0.022).

Conclusions. These findings support a potential pro-
tective effect of tea consumption in relation to CHD in
this Saudi study in which all tea consumed was black
tea. © 2002 American Health Foundation and Elsevier Science (USA)
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INTRODUCTION

According to the World Health Organization’'s World
Health Report 1997, diseases of the heart and circula-
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tory system account for more than 15 million deaths
per year. Coronary heart disease (CHD) is a major
health problem and a major cause of death in most
industrialized and developing countries [1]. CHD is
responsible for about 25% of all deaths worldwide [2]
and is known to be multifactorial. The major risk fac-
tors include hypertension, hyperlipidemia, smoking,
obesity, physical activity, and occupation [3-6]. In
Saudi Arabia, data on mortality from CHD are not
available. However, hospital-based data provide useful
information on cases for which CHD represents the
leading cause of admission [7]. The upsurge of CHD is
correlated with changes in lifestyle, prevailing obesity,
the state of being overweight, and smoking [8].

Epidemiological studies have indicated a protective
role of dietary flavonoids in cardiovascular disease, but
the evidence is still conflicting. Whereas some studies
on tea consumption have suggested no association
[9-11], other studies have suggested a reduction in the
risk of CHD due to its flavonoid content [12-15]. Reg-
ular black tea, the major dietary source of flavonoids in
Western populations [16,17], is a popular beverage in
Saudi Arabia and, hence, may be considered an impor-
tant source of dietary flavonoids among Saudis.

To examine the hypothesis that regular tea con-
sumption is associated with a reduced risk of CHD, we
analyzed cross-sectional data collected from 1993 to
1998 as part of the National Epidemiological Survey
for Coronary Artery Disease in Saudi Arabia.

METHODS
Study Population

Saudi Arabia (SA) comprises most of the Arab pen-
insula with a population of 18.8 million [18]. A Na-
tional Epidemiological Health Survey was carried out
in this country between 1993 and 1998. The study
population was randomly derived from rural and urban
male and female Saudi adults between 30 to 70 years of
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age. A multistage stratified cluster sampling was uti-
lized to randomly select the study population using
probability proportional to size (PPS) across the 13
administrative regions of SA. The family health regis-
tries at primary health care centers (PHCC) in the
selected localities were used to identify the study pop-
ulation. Efforts were made to encourage participation.
In the case of refusals or nonresponses, another subject
was randomly selected from the same PHCC cluster. In
each participating PHCC, a physician was appointed
as the supervisor of the field research team. Trained
staff were responsible for contacting eligible subjects,
scheduling interviews, and conducting clinical exami-
nations and laboratory tests. All personnel completed
standardized training prior to the study, and the su-
pervisor or his/her assistant monitored the interview
process, specimen collection, and handling and trans-
port of blood samples. The protocol was approved by
the medical members of the funding agency, the King
Abdulaziz Center for Sciences and Technology, and
participating primary health care centers. All study
subjects gave their approval and consent to be included
in the study.

The current analysis includes data from the largest
administrative regions in SA (Riyadh, Makkah, East-
ern), which represent about 60% of the total population
according to the 1992 national population census. A
total of 3,430 subjects was included in this study.

Data Collection

All subjects were interviewed in person using a
structured questionnaire. The questionnaire was de-
veloped, pretested, and validated in a pilot study. The
guestionnaire included sections on sociodemographic
data, medical history, family history, physical activity,
dietary and social habits, anthropometric measure-
ments, and laboratory data. The medical history sec-
tion included detailed questions about (a) how the CHD
was diagnosed, (b) how the CHD was managed, (c) the
number of hospital admissions for CHD, and (d) the
current use of medications. Medical records at the
PHCC were used to complete and confirm the clinical
data. Blood pressure and anthropometric data (weight,
height, and waist and hip circumferences) were mea-
sured by a trained staff and recorded in the appropri-
ate section of the questionnaire. The completed ques-
tionnaires were then sent to the laboratory supervisors
for recording of the blood analysis results.

Extensive information was obtained on coronary risk
factors as well as current medications for heart dis-
eases, hyperlipidemia, hypertension, and diabetes mel-
litus. Physical activity questionnaires asked subjects
to report (a) the frequency of leisure activity per week
(five categories ranging from less than once per month
to six or seven times per week), (b) the type and inten-
sity of each activity (five categories ranging from light,

such as normal walking or golfing, to heavy, such as
running, distance cycling, or heavy-impact aerobics),
and (c) the duration of each exercise session (four cat-
egories ranging from <10 to >30 min). The product of
the three variables (frequency X intensity X time) was
used as the physical activity value for each subject. The
dietary questionnaires measured the habitual weekly
consumption of red meat, chicken, fish, eggs, and fresh
fruits and vegetables. Detailed information related to
the amount and types of fat and oil used in food prep-
aration was also collected. Amounts of daily consump-
tion were ascertained for tea and coffee. Tea drinking
is a common, popular social habit in Saudi Arabia. The
tea consumed is always brewed in a teapot and con-
sumed in small teacups (80 mL each). Because of the
standard tea preparation and drinking among the pop-
ulation, the survey asked participants to report how
many cups of tea usually drunk per day. The smoking
guestionnaire asked subjects to report their current
and past smoking habits, duration of smoking, number
of cigarettes per day, and years since quitting. Shesha
(water pipe) smoking is common in Saudi Arabia. Data
were available on both cigarette smoking (never,
former, current, or passive) and shesha (never, former,
current).

Blood pressure (mm Hg) was measured on the same
arm with a standard cuff while the participant was
sitting in a relaxed position. Two separate measure-
ments were taken and the average was recorded. Hy-
pertension was defined as any case with systolic blood
pressure =160 mm Hg and or diastolic blood pressure
=95 mm Hg or currently under anti-hypertensive med-
ication regardless of blood pressure. Overnight fasting
blood samples were collected and analyzed for glucose
and lipid levels. A random sample (10%) was sent for
analysis to two separate nationally certified laborato-
ries in Riyadh City. The quality control data were
95-98% in agreement with the results obtained from
the survey’s laboratory. A subject was considered dia-
betic if a diagnosis of diabetes mellitus was known or if
the fasting plasma glucose level was above 120 mg/dL
using the glucose oxidase method [19].

Statistical Analysis

Case ascertainment. The prevalence of CHD, de-
fined as nonfatal myocardial infarction or angina
pectoris, was based on a self-reported medical his-
tory, medical records, and current medications. Risk
factor comparisons between cases and controls were
conducted using t tests for continuous variables and
X’ tests for categorical variables. One Saudi teacup is
equal to 80 mL. We defined four approximately equal
categories of tea consumption based upon the distri-
bution among the controls: none, 1-3 cups/day, 4—6
cups/day, and >6 cups/day. We then compared sub-
jects according to levels of daily black tea consump-
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FIG. 1. Daily black tea intake among adult Saudis.

tion. Odds ratios and 95% confidence intervals were
calculated using the nontea drinkers as the reference
category. Trend tests were calculated using categor-
ical variables. Crude models were adjusted for age
and sex, and multivariate models were adjusted for
all medical and behavioral risk factors for cardiovas-
cular diseases such as cigarette smoking, education,
occupation, family history of premature heart dis-
ease, systolic blood pressure, diabetes, physical ac-
tivity, body mass index, and fat and coffee intake. A
possible confounding effect was explored regarding
the duration of cigarette smoking (pack-year) and
smoking shesha. Inclusion of either pack-year or
shesha smoking as separate variables or combined
with cigarette smoking did not affect the results and
thus they were excluded from the final models. Cig-
arette smoking was kept in the final model to allow
comparability among other studies worldwide. The
effects of flavonoid-rich foods, namely fruits and veg-
etables, and other food groups were also explored.
Similarly, the inclusion of fruits and vegetables, red
meats, and fish did not affect the results and thus
these were excluded from the final models. Finally,
lipids were entered into the multivariate model. Re-
ported P values were two-sided, and all statistical
analyses were done by using the statistical software
Stata, version 6 [20].

RESULTS

The majority of the subjects reported habitual daily
tea consumption. Almost all men (91.8%) and women
(87.2%) consumed black tea daily. The mean daily con-
sumption of black tea was 5.6 cups for men and 3.4
cups for women. The consumption of 6 or more cups of
tea per day (>480 mL) was reported by 26.4% of men
and 11.9% of women. (Fig. 1).

The overall prevalence of CHD, defined as nonfatal
myocardial infarction or angina pectoris, was 6.3%.
CHD was less prevalent in men (5.2%) than in
women (7.4%). This might be related to the de-

TABLE 1
Characteristics of the Study Population
Control CHD
N = 3205 N = 216
means = SD means = SD
or % or % P
Age (years) 44.0 £ 10.5 51.6 + 10.1 <0.001
Males (%) 49.1% 41.8% 0.035
Hypertension * (yes) 8.7% 63.6% <0.001
Diabetes® (yes) 18.5% 35.7% <0.001
Family history (yes) 18.4% 22.2% 0.159
Smoking: cigarettes
Never 79.9% 82.2%
Passive (environmental) 2.0% 3.4%
Former 7.8% 10.0%
Current 10.3% 4.4% 0.003
Smoking: shesha®
Never 92.0% 93.1%
Former 3.7% 5.0%
Current 4.3% 1.9% 0.108
Anthropometry
BMI (Kg/m?) 29.1 £58 31.0+59 <0.001
Waist (cm) 92.7 = 13.0 96.2 = 12.0 <0.001
Fitness® 9.1+142 6.2 =85 0.003
Blood markers®
FBG (mmol/L) 6.6 = 3.3 7.7 +4.1 <0.001
FTG (mmol/L) 1812 20+13 0.016
FTC (mmol/L) 55*16 56*+15 0.263
FHDL (mmol/L) 1.1+04 1.2*x04 0.204
FLDL (mmol/L) 4.7+ 1.7 49+ 17 0.286
LDL/HDL 4.7 £ 2.7 48 £25 0.985
Dietary habits
Tea (cups/day)’ 45+ 49 35+ 4.4 0.002
Coffee (cups/day)’ 52+65 57 +6.8 0.208
Red meat (F/week)® 27x15 28+ 17 0.148
Fruits and vegetables
(F/week)® 50=*23 52+21 0.101
Olive oil (yes) 6.1% 6.9% 0.638
Butter (yes) 14.3% 11.5% 0.307

® Blood pressure above 160/95 or anti-hypertensive medication.

® History of diagnosed diabetes.

® Water pipe, a common practice in Saudi Arabia.

4 Score is calculated as the product of frequency X intensity X
duration.

°* FBG, fasting blood glucose; FTG, fasting triglycerides; FTC, fast-
ing total cholesterol; FHDL, fasting high-density lipoprotein; FLDL,
fasting low-density lipoprotein.

fOne cup = 80 mL.

¢ F, frequency of intake per week.
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TABLE 2
Risk Factor Distribution for CHD by Level of Daily Tea Intake

Daily tea consumption

No 1-3 cups® 4-6 cups® >6 cups®
N = 363 N = 1585 N = 833 N = 649
mean = SD or % mean *= SD or % mean £ SD or % mean * SD or %
Age (years) 46.7 = 11.7 44.8 + 10.9 43.9 + 10.0 43.3 + 9.6*
Males (%) 37.7% 37.3% 59.8% 67.8%*
Hypertension® (yes) 15.2% 15.4% 9.9% 6.6%*
Diabetes® (yes) 24.0% 22.3% 18.6% 11.1%*
Family history (yes) 16.8% 20.2% 17.5% 17.6%
Smoking cigarettes
Never 88.7% 84.5% 76.7% 69.3%
Former 5.2% 6.5% 10.0% 11.1%
Current 5.5% 5.4% 12.0% 18.5%*
Smoking: shesha*
Never 94.5% 93.7.3% 90.2% 90.2%
Former 2.2% 2.4% 5.0% 5.2%
Current 3.3% 3.9% 4.8% 4.6%
Anthropometry
BMI (Kg/m?) 292 6.4 29.8 £58 29.0 55 28.1 £ 5.7*
Waist (cm) 923+ 125 92.7 = 12.7 93.7 £ 129 93.2 £ 13.7
Fitness® 8.8 + 15.2 8.7 +13.2 8.4 +12.6 10.2 + 16.2
Blood markers'
FBG (mmol/L) 7.0+ 3.9 6.8 + 3.4 6.6 + 3.3 6.4 + 2.9*
FTG (mmol/L) 17+11 18+12 19+12 19+x12
FTC (mmol/L) 55+ 15 55+ 1.6 55+ 1.7 54+14
FHDL (mmol/L) 12+04 12+04 1.1+04 1.1 + 0.4*
FLDL (mmol/L) 47+ 17 47 €17 4818 47 +15
LDL/HDL 44 *24 46 +25 5.0 + 3.1 48 +24
Dietary habits
Coffee (yes) 61.4% 82.7% 86.7% 92.7%*
Olive oil (yes) 7.8% 6.0% 6.6% 5.2%
Butter (yes) 21.3% 12.3% 11.4% 17.9%*

#One cup = 80 mL.

® Blood pressure above 160/95 or use of anti-hypertensive medication.

¢ History of diagnosed diabetes.
¢ Water pipe, a common practice in Saudi Arabia.

¢ Score is calculated as the product of frequency X intensity X duration.
"FBG, fasting blood glucose; FTG, fasting triglycerides; FTC, fasting total cholesterol; FHDL, fasting high-density lipoprotein; FLDL,

fasting low-density lipoprotein.
*P < 0.01.

creased physical activity (P < 0.001) and higher
prevalence of obesity (P < 0.001) and hypertension
(P < 0.001) among Saudi women (data not shown).
The characteristics of the study population are
shown in Table 1. The prevalence and levels of major
known risk factors and lipids among subjects with
CHD (cases) differed from those among subjects
without CHD (controls). Surprisingly, cases were
less likely to smoke cigarettes (4.4%) and shesha
(1.9%) than controls (10.3% and 4.3%, respectively).
Cases were also less likely to drink tea (3.5 cups/day)
than controls (4.5 cups/day).

We then compared subjects in the highest versus
lowest levels of tea intake. The characteristics of sub-
jects according to tea consumption are shown in Table
2. The heaviest tea drinkers were younger, males,
smokers, more likely to drink coffee and consume less
fat, and had lower rates of treatment for blood pressure

and diabetes mellitus (all P < 0.01). Tea drinkers of >6
cups/day (Table 3) had a significantly lower risk of
hypertension than nondrinkers (OR = 0.55; 95% CI =
0.34-0.91) independent of risk factors and serum
lipids.

A total of 87% of CHD cases and 89.6% of controls
drank at least 1 cup of tea per day, while 9.7% of CHD
cases and 19.5% of controls drank more than 6 cups
(>480 mL) of tea per day.

Similarly, tea drinkers of >6 cups/day (Table 4) had
a significantly lower risk of CHD than nondrinkers
(OR = 0.49; 95% CI = 0.24-0.96) independent of cor-
onary risk factors and serum lipids. Subjects drinking
tea in the two middle levels of consumption had non-
significant reductions in the risk of hypertension (P =
0.001) and CHD (P = 0.022), of lower magnitude but
consistent with a significant linear trend across levels
of tea intake.
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TABLE 3

Level of daily tea consumption

No 1-3 cups?® 4-6 cups® >6 cups®
N = 363 N = 1585 N = 833 N = 649 P for
Full models (reference) OR (95% CI) OR (95% CI) OR (95% CI) trend

Crude 1 1.00 (0.72, 1.38) 0.52 (0.35, 0.76) 0.36 (0.23, 0.56) <0.001
Age, sex 1 1.17 (0.83, 1.64) 0.73 (0.49, 1.10) 0.57 (0.36, 0.90) <0.001
Age, sex + risk factors® 1 1.13(0.79, 1.63) 0.79 (0.52, 1.21) 0.62 (0.38, 1.00) 0.003
Age, sex + risk factors® + coffee 1 1.08 (0.75, 1.56) 0.74 (0.48, 1.14) 0.57 (0.35, 0.93) 0.001
Age, sex + risk factors® + coffee

+ FTC, FTG, LDL/HDL® 1 1.02 (0.71, 1.48) 0.73 (0.47,1.12) 0.55 (0.34, 0.91) 0.001

#One cup = 80 mL.

® Adjusted for age, sex, education, occupation, cigarette smoking (never, former, current), diabetes, body mass index, and physical activity

index.

¢ Adjusted for the above plus fasting blood cholesterol, fasting blood triglycerides, and the ratio of fasting low-density lipoproteins to

high-density lipoproteins.

DISCUSSION

The antioxidant properties of dietary flavonoids have
recently drawn considerable attention in the preven-
tion of CHD [21-23]. Tea, the most widely consumed
beverage in the world, is a rich source of antioxidants.
In fact, tea may very well be one of the major sources of
antioxidants worldwide due to the high concentration
of polyphenols in tea combined with the frequent con-
sumption of this beverage.

Among adult Saudis, we found an inverse associa-
tion between black tea consumption and CHD. More-
over, our data revealed a significant 50% reduction in
risk among those drinking >6 cups of tea per day
(>480 mL/day), independent of lipid and nonlipid cor-
onary risk factors. The inverse association of black tea
intake with CHD risk is generally consistent with find-
ings from other studies [12-15,24]. Epidemiological
studies carried out in The Netherlands [15-16,25] cor-
related a higher flavonoid intake with a lower inci-

dence of CHD. On the other hand, case-control [9-11]
studies found no association between tea consumption
and CHD. Similarly, data from prospective studies re-
ported either reduced risk [26] or no association be-
tween tea intake and the risk of CHD mortality [27-
29]. However, a true inverse association may have been
masked because of the low prevalence of heavy tea
consumption or because of potential recall, informa-
tion, or selection biases. Moreover, these conflicting
findings may be due to variable contents of flavonoids
in different brands of black tea [30] and different ways
of brewing [31,32] and drinking black tea in different
populations.

A possible explanation for the potentially protective
mechanisms of tea in this population is the signifi-
cantly lower rates of hypertension among tea drinkers.
Peters and colleagues [33] conducted a meta-analysis
(six studies) of tea consumption in relation to stroke.
They found that the only case-control study conducted
in Australia indicated a nonsignificant increased risk

TABLE 4

Odds Ratios (OR) and 95% Confidence Intervals (95% CI) for CHD by Level of Daily Tea Intake

Level of daily tea consumption

No 1-3 cups® 4-6 cups? >6 cups®
N = 363 N = 1585 N = 833 N = 649 P for
Full models (reference) OR (95% CI) OR (95% CI) OR (95% CI) trend

Crude 1 1.02 (0.66, 1.57) 0.64 (0.38, 1.04) 0.40 (0.22, 0.72) <0.001
Age, sex 1 1.18 (0.76, 1.83) 0.88 (0.53, 1.47) 0.61 (0.33, 1.11) 0.023
Age, sex + coronary risk factors ¢ 1 0.97 (0.59, 1.56) 0.83(0.47, 1.43) 0.50 (0.25, 0.98) 0.025
Age, sex + coronary risk factors ¢ + coffee 1 0.95 (0.58, 1.53) 0.81 (0.46, 1.41) 0.49 (0.24, 0.95) 0.021
Age, sex + coronary risk factors ¢ + coffee

+ FTC, FTG, LDL/HDL f 1 0.94 (0.58, 1.53) 0.81 (0.46, 1.41) 0.49 (0.24, 0.96) 0.022

#One cup = 80 mL.

® Adjusted for age, sex, education, occupation, cigarette smoking (never, former, current), systolic blood pressure, family history of
premature heart disease, diabetes, body mass index, physical activity index, and fat intake.
¢ Adjusted for the above plus fasting blood cholesterol, fasting blood triglycerides, and the ratio of fasting low-density lipoproteins to

high-density lipoproteins.
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of 51 percent with each 3 cups/day. However, cohort
studies conducted in the United States, continental
Europe, and Asia reported a significant reduction in
the incidence of stroke of 12 percent per 3 cups of
tea/day. The protective effect of tea on stroke increased
in the cohort studies by 5 percent with each year of
follow-up (4—15 years). Other possible explanations for
the inverse association between tea and CHD are that
flavonoids in black tea may reduce myocardial infarc-
tion by reducing platelet aggregation [34,35], by reduc-
ing aortic atherosclerosis [25] and ischemic damage
[36], or by inhibiting low-density lipoprotein oxidation
[11,37]. Moreover, some European prospective studies,
where black tea has a greater contribution to total
flavonoid intake, have suggested an inverse association
between flavonoids and CHD mortality [14-16]. This
protective effect might be related to the role of black
tea in reversing endothelial vasomotor dysfunction in
patients with CHD [38]. Alternatively, higher tea con-
sumption may be a surrogate for a healthier lifestyle.
Our data suggest that heavy tea drinkers differ from
nondrinkers in terms of health behaviors (more smok-
ing, more coffee intake, and less fat intake) and medi-
cal conditions (less hypertension and diabetes). Never-
theless, adjustment for neither coronary risk factors
nor individual lipids changed the risk estimates.

Several important limitations of this study should be
considered. A misclassification of beverage intake may
have occurred. Neither subjects nor interviewers were
aware of any specific study hypotheses, so we expect
the reported habitual intakes to be without recall bias
or seasonality. The inability to distinguish tea brewing
time or tea content may also introduce misclassifica-
tion. However, in this population of adult Saudi men
and women, we expect consumption to be limited to
hot, caffeinated black tea.

In summary, the present cross-sectional study
showed a protective association between black tea con-
sumption and CHD among Saudi adults. More data
from prospective cohort studies will help to distinguish
whether tea drinking has a true biological effect or
whether it serves as a surrogate for a risk profile pro-
moting lower CHD risk.
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