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The prevalence of hypertension has increased over the past decade in many developed and developing countries, including China. This
increase may be associated with changes in lifestyle, including dietary patterns. We evaluated the association of dietary patterns with
blood pressure (BP) by using data from a large, population-based cohort study of middle-aged and elderly Chinese men, the Shanghai
Men’s Health Study. The present cross-sectional analysis includes 39252 men who reported no prior history of hypertension, diabetes,
CHD, or stroke nor use of antihypertensive drugs at study enrolment. Three dietary patterns, ‘vegetable’, ‘fruit and milk’ and ‘meat’,
were derived using factor analysis. The fruit and milk diet was inversely associated with both systolic and diastolic BP (Pyeng < 0-001).
The adjusted mean systolic BP was 2-9mmHg lower (95% CI —3-4, —2.4), and diastolic BP was 1.-7mmHg lower (95% CI —2.0,
—1-4) for men in the highest quintile of the ‘fruit and milk’ pattern compared with men in the lowest quintile. This inverse association
was more evident among heavy drinkers; the highest quintile of the ‘fruit and milk’ pattern was associated with a 4-1 mmHg reduction in
systolic BP v. a 2.0 mmHg reduction among non-drinkers (Pjyeraction = 0-003) compared to the lowest quintile. The corresponding reductions
in diastolic BP were 2-0 v. 1-3mmHg (Piyeraction = 0-011). The ‘fruit and milk’ pattern was associated with a lower prevalence of both
pre-hypertension and hypertension, and the associations appeared to be stronger among drinkers. Results of the present study suggest an
important role for diet in the prevention of hypertension.

Dietary patterns: Blood pressure: Hypertension: Chinese men: Alcohol consumption: Smoking

The prevalence of hypertension, a main contributor to stroke, (BP) by vasoconstriction and accelerating the heart

8-11)

CHD and early mortality'", has increased in many countries
worldwide, including China. A report from the International
Collaborative Study of Cardiovascular Disease in Asia (Inter-
ASIA, 2000-2001)® showed that the prevalence of hyperten-
sion has increased 42 % in Chinese men compared with results
from the 1991 Chinese National Hypertension Survey.
Changes in lifestyle, including diet, and an increase in life
expectancy resulting from the recent economic development
of China may, in part, explain the rapid increase in the preva-
lence and absolute number of hypertension cases in China®.

Many cross-sectional and prospective epidemiological
studies have demonstrated that alcohol consumption is one
of the most important modifiable risk factors for hypertension
among populations from various geographic regions, including
North America, Europe and Asia®~7. Smoking has been
shown to have an acute effect on raising blood pressure

rate . The chronic effects of habitual smoking on BP
have not been adequately examined in epidemiological
studies. A recent meta-analysis of twenty-four case—control
studies conducted in China from 1989 to 2001 has suggested
that alcohol consumption, smoking, high intake of salt,
family history of hypertension, quickness to temper and
overweight were the important risk factors for hypertension
in China'.

The role of dietary factors in the modulation of BP among
hypertensive and normotensive adults has been investigated
in intervention’*'® and observational studies''>~'?. Inter-
national comparisons and results from studies of migrants
and religious groups have suggested that differences in diet
may be important determinants of variability in BP"®.
While intervention studies have shown relatively consistent
results on dietary intake and BP, the interventions often

Abbreviation: BP, blood pressure.

* Corresponding author: Xiao Ou Shu, fax 41 615 936 8291, email xiao-ou.shu@vanderbilt.edu
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focused on pre-specified diet and often involved short-term
exposure. Dietary pattern analysis has the ability to integrate
the complex and subtle interactive effects of many dietary
exposures and more closely approximates the biological
activity of interdependent nutrients in vivo ***®. However,
both factor analysis and cluster analysis, the two most
common approaches used to investigate dietary patterns, are
considered a posteriori approaches, which generate dietary
patterns based on available, empirical data without an
a priori hypothesis(zo).

We report here on the associations of dietary patterns,
selected lifestyle factors, such as cigarette smoking and
alcohol consumption, and their interactions with BP among
middle-aged and elderly Chinese men in Shanghai who are
participants of a large, population-based cohort study and
who had reported no history of physician-diagnosed
hypertension.

Subjects and methods
Study population

This is a cross-sectional analysis of data collected in
the baseline survey of the Shanghai Men’s Health Study.
The Shanghai Men’s Health Study is an ongoing, popu-
lation-based cohort study conducted in eight typical commu-
nities of Shanghai, China®". All male residents who were
40-74 years of age and had no prior history of cancer
were eligible for the study. Trained interviewers visited
the homes of 83058 eligible men identified through the
Shanghai Resident Registry who lived in the study commu-
nities during the time the baseline survey was conducted;
61504 men were recruited men into the study between
2002 and 2006. The participation rate was 74-0 %. Reasons
for non-participation were refusals (21-1 %), absence during
the study period (3-1%), and other miscellaneous reasons
including poor health or hearing problems (1-8%). The
study protocol was approved by the Institutional Review
Boards of each participating institution, and all participants
provided written, informed consent.

The baseline survey was completed by in-person inter-
view using a structured questionnaire designed to collect
information on demographic characteristics, lifestyle habits,
including dietary intake, cigarette smoking and alcohol
consumption, medical history and use of medications, includ-
ing antihypertensives and hormones. The prevalence of
hypertension was assessed by the question, ‘Have you ever
been diagnosed with hypertension by a physician?’

Blood pressure measurement

At the baseline survey, BP was measured for 982 % of
participants (n 60401). After the participants sat quietly for
more than 5 min, systolic and diastolic BP were taken using
an aneroid sphygmomanometer according to a standard
protocol®®. Based on the recommendations of the Seventh
Report of the Joint National Committee on Prevention,
Detection, Evaluation and Treatment of High Blood Pressure
(the Joint National Committee 7 full report, accessed on
28 August 2007)*®, we defined pre-hypertension as systolic
BP =120 to <140mmHg or diastolic BP =80 to

<90mmHg and hypertension as systolic BP = 140 or
diastolic BP = 90.

Assessment of dietary intake

Dietary information was collected via an in-person interview
using a validated FFQ“?". The FFQ included eighty-one
food items, which covered 88-8 % of the commonly consumed
foods in urban Shanghai. For each food item or food group,
participants were asked how frequently (daily, weekly,
monthly, annually or never) they consumed the food or food
group, followed by a question on the amount of consumption
in liang (1liang =50g) per unit of time over the past
12 months. For seasonal food consumption (mainly fruits
and vegetables), an additional question about months of
food consumption per year was asked. Our prior investigation
of this FFQ found favourable dietary intake estimation charac-
teristics when compared to dietary intake estimated by
multiple 24h dietary recalls®”. For example, correlation
coefficients between the FFQ and averages from 24 h dietary
recalls ranged between 0-59 and 0-66 for macronutrients,
0-41 and 0-59 for most micronutrients, and 0-41 and 0-66
for major food groups.

Dietary pattern derivation

Dietary patterns were derived using factor analysis?"*>, with
eighty-one individual foods or food groups entered into the
analysis as the absolute amount of intake in grams per day.
The PROC FACTOR procedure in Statistical Analysis
Systems (version 9.1; SAS Institute, Cary, NC, USA) was
applied to perform the analysis. This procedure uses factor
analysis and orthogonal rotation (Quartimax option in Statisti-
cal Analysis Systems) to derive non-correlated factors and to
render the results more easily interpretable. To determine
which number of factors to retain, we examined both the
scree plots and the factors themselves to see which set of
factors most meaningfully described the distinct food con-
sumption patterns after adjustment for total energy intake.
Three major dietary patterns that account for about
41-4% of the variation of dietary intake were derived®".
Factors were thereby interpreted as dietary patterns and
named after the food groups with the highest loading.
These loadings can be considered as correlation coefficients
between food groups and dietary patterns and take values
between —1 and +1. A factor score was then calculated for
each participant for each of the factors, in which the standar-
dised intakes of each of the eighty-one foods or food groups
were weighted by their factor loadings and summed.
The sums were then standardised again ((score — mean
score)/sD of score).

From these analyses, three factors were extracted and factor-
loading matrices for the three dietary patterns are listed
in Appendix 1. The higher the factor loading of a given food
item, the greater the contribution of that food item to the specific
factor. Dietary pattern I was heavily loaded with vegetables,
such as legumes and leafy vegetables and named the ‘vegetable’
pattern. Pattern II was heavily loaded with fruits and milk and
named the ‘fruit and milk’ pattern. Pattern III was heavily
loaded with meat, poultry and organ meat (heart, brain,
tongue, intestine, etc.) and named the ‘meat’ pattern.
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Statistical analysis

For the present study, we excluded men who reported a history
of hypertension (n 18 359), diabetes (n 3864), CHD (n 3154)
or stroke (n 536), or who took antihypertensive medication
(n 14160; not mutually exclusive). These exclusions were
made because of concerns that dietary practice and BP
could be substantially influenced by disease diagnosis and
use of medications. In addition, we excluded men with
missing BP data (rn 1103) or with extreme total energy
intake (<2092 and >16736kJ (<500 or >4000kcal)/d;
n 91). After these exclusions, 39252 men remained for the
current analysis.

Study participants were categorised into quintiles of dietary
factor scores for each dietary pattern, and participants in the
lowest quintile were chosen as the reference group. Mean
BP differences associated with each category of dietary
factor scores were compared with the reference group, and
their 95% CI were estimated using a multiple regression
model. Covariates adjusted for included age, BMI, education,
income, cigarette smoking, alcohol consumption, weight
gain since age 20 and total dietary energy intake. A linear
trend test was performed by treating ordinal score variables
as continuous variables in the model. We also tested linearity
using continuous dietary factor scores. We conducted analyses
stratified by cigarette smoking (never, light (<20 cigarettes/d)
and heavy (=20 cigarettes/d)) and alcohol consumption
(never, light (<7times/week) and heavy (=7 times/week))
status to evaluate the potential interactive effect of these
variables on dietary patterns with quintile categories.
Tests for interaction were performed by introducing a
multiplicative interaction term into the main effect
models. We also applied a polychotomous logistic regression
model to evaluate associations between each dietary pattern
and prevalence of pre-hypertension or hypertension.
All tests of statistical significance were based on two-sided
probability. Statistical analyses were performed with the use
of Statistical Analysis Systems software (version 9.1;
SAS Institute, Cary, NC, USA).

Results

Table 1 presents selected characteristics of study participants
according to the three derived dietary patterns. The mean
age of the study population was 52-5 (sD 8:9) years. Approxi-
mately, 22 % of the study participants had attained college or
higher education, 65-8 % reported ever smoking and 31-0 %
reported regular alcohol consumption (at least 3 times/week
for at least 6 months). About 30% of study participants
engaged in regular exercise (once a week at least for
3 months continuously during the 5 years preceding the
interview). The mean values of systolic and diastolic BP
were 1219 (sp 15-4) and 799 (sp 9-4) mmHg, respectively.
The prevalence of pre-hypertension and hypertension were
47-6 and 25-1 %, respectively. Men with a higher score for
the ‘vegetable’ pattern were more likely to drink alcohol
compared with men with a lower score. Men with a higher
score for the ‘fruit and milk’ pattern were older, had higher
educational attainment and higher income, and tended to
exercise regularly, but were less likely to smoke cigarettes
or drink alcohol than men with a lower score. Men with a

higher score for the ‘meat’ pattern were younger and were
more likely to smoke cigarettes and drink alcohol compared
to men with a lower score (Table 1). Men with higher
scores for either the ‘vegetable’ or the ‘meat’ pattern also
had higher intakes of Na, K, Ca and Mg.

The associations of cigarette smoking and alcohol consump-
tion with BP are presented in Table 2. Alcohol consumption
was positively associated with both systolic and diastolic
BP, while cigarette smoking was only associated with systolic
BP. The adjusted mean systolic BP was 3-2mmHg higher
95% CI 29, 3.5) and diastolic BP was 2-0mmHg
higher (95 % CI 1-8, 2-2) for current drinkers compared with
never drinkers. The positive association between cigarette
smoking or alcohol consumption and BP was statistically
stronger among heavy smokers (P<<0-001, for diastolic BP)
and drinkers (P<<0-001, both BP).

After adjustment for confounding factors, the ‘fruit and milk’
pattern was inversely associated with both systolic and
diastolic BP. The adjusted mean systolic BP was 2:9 mmHg
lower (95% CI —34, —24) and diastolic BP was
1-7mmHg lower (95% CI —2:0, —1.4) for men with a
score in the highest quintile of the ‘fruit and milk’ pattern
compared with men with a score in the lowest quintile. On
the other hand, the ‘vegetable’ pattern was not associated
with either systolic or diastolic BP. The ‘meat’ pattern was
unrelated to systolic BP, but was positively and marginally
significantly related to diastolic BP (Table 3). The results
for all dietary patterns did not change materially when
analyses were confined to participants who reported no
major changes in their diet during the preceding 5-year
period (n 27436).

The effect of each dietary pattern on BP was further evalu-
ated by stratifying by alcohol consumption and cigarette
smoking status. The inverse association between the ‘fruit
and milk’ pattern and BP was more pronounced among current
smokers, particularly among heavy smokers. The interaction
test, however, was not statistically significant (Table 4).
Among heavy drinkers, on the other hand, the highest quintile
of scores for the ‘fruit and milk’ pattern was associated with
4-1mmHg lower systolic BP (95% CI —5.2, —3.1) and
2-0 mmHg lower diastolic BP (95 % CI —2-7, — 1-3) compared
with the lowest quintile of scores, while the corresponding
reductions in systolic and diastolic BP among non-drinkers
were 2:-0mmHg (95% CI —2:6, —1.5) and 1-3mmHg
O5% CI —1.6, —09), respectively (Table 4). Tests for
multiplicative interaction were significant for both systolic
(P=0-003) and diastolic (P=0-011) BP. The associations of
the ‘vegetable’ and the ‘meat’ patterns with BP were not modi-
fied by smoking or alcohol consumption status (data not shown).

Table 5 presents associations of each dietary pattern with
prevalence of pre-hypertension and hypertension based on
polychotomous logistic regression analysis stratified by
alcohol consumption status. Similar to the results for BP,
higher scores for the ‘fruit and milk’ pattern were associated
with a lower prevalence of both pre-hypertension and
hypertension, and the associations appeared to be stronger
among current drinkers. Although the ‘vegetable’ and the
‘meat’ patterns were positively associated with the prevalence
of pre-hypertension and hypertension among all participants,
the associations were most evident for former alcohol
drinkers (Table 5).
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Table 1. Selected characteristics by categories of dietary patterns in the Shanghai Men’s Health Study, 2002—6
(Mean values and standard deviations or percentages)
All subjects Vegetable dietary pattern Fruit and milk dietary pattern Meat dietary pattern
Quintile 1 Quintile 5 Quintile 1 Quintile 5 Quintile 1 Quintile 5
Mean SD Mean SD Mean SD Piena  Mean SD Mean SD Pirend Mean SD Mean SD Pirend
Age (years) 52.5 89 52.9 9-3 51.4 83 <0-01 51.0 8:0 53-6 95 <0.-01 534 9-0 50-6 81 <0-01
Systolic blood pressure 121.9 154 1221 159 122-4 15.2 0-03 1239 164 1211 14.5 <0-01 122.5 15-6 1222 15-6 0-80
(mmHg)
Diastolic blood pressure 799 94 79-8 9-6 80-4 95 <0.01 813 10-0 792 9-0 <O0.-01 799 9-4 80-5 9.7 <0-01
(mmHg)
Prevalence of pre- 47-6 46-4 48-6 45.7 49.3 47-3 481
hypertension (%)
Prevalence of hypertension 251 254 26-3 30-3 225 259 26-2
(%)
Education (%) <0.01 <0.-01 <0.-01
Elementary school 5.0 6-4 33 77 2.2 6-9 34
Middle school 340 34.4 323 46-7 214 38-1 333
High school 39-1 391 40-9 376 37-3 36-4 42.7 e
College + 219 20-1 23.5 8-0 39-1 186 20-6 >
Income (yuan, %) <0-01 <0-01 <0-01 —
< 500 14.4 15.5 14-8 25.0 7-3 16-3 16-4 &
> 500—-1000 42.0 43.2 394 48.2 319 45.6 398 ]
> 1000-2000 341 32-3 35.0 23.0 42.2 31-3 324 8
= 2000 9-6 9-0 10-8 3-8 18-6 6-8 114
Smoking (yes, %) 65-8 66-2 66-0 0-16 81-4 49.9 <0-01 56-4 77-9 <0-01
Pack years 3017 1565 3069 1586 308-5 163-3 0.01 3359 161-5 274.7 155.5 <0-01 279-0 1497 3410 1697 <0.-01
Alcohol consumption* 31.0 229 379 <0-01 42.4 20-6 <0-01 15-3 521 <0.-01
(yes, %)
Amount of alcohol (g/d) 8.7 7-6 86 81 95 8:5 <0-01 112 9.3 6-6 5.7 <0-01 79 7-5 10-5 8-8 <0-01
Regular exercise (yes, %) 30-0 27-8 31-8 <0.-01 20-0 41.7 <0.-01 311 274 <0.-01
LTPA (metabolic equivalent 16-0 16-2 16-7 17.3 16-2 16-1 076 176 17.8 16-2 16:3  0-29 179 181 15.7 16-7 <0-01
of task/week)
BMI (kg/m?) 23.2 30 23.0 3.0 235 3.0 <0.01 233 3.0 23-3 29 048 234 3:0 23.0 3-0 <0-01
Waist—hip ratio 0-89 0-06 0-89 0-06 0-89 0-05 <0-01 0-90 0-06 0-89 0-05 <0-01 0-89 0-05 0-89 0-06 <0-01
Weight gain since age 10-6 93 10-0 94 11.2 9-6 <0-01 107 9-6 10-9 9-3 <0.-01 111 92 10-3 9.7 <0.-01
20 years (Kg)
Total energy intake (kJ/d) 461 115 504 115 477 120 0-81 492 124 479 111 0-60 504 105 482 132 0-70
Na (mg/d)t 2507 5979 2595 9857 2698 4483 0-01 2641 7779 2476 2573 099 2433 2557 2589 9988 <0.-01
Ca (mg/d) 582.7 2366 490-0 1945 7807 2675 <0-01 5337 2484 7179 241.0 <0.-01 561-3 2334 679-5 269-1 <0-01
K (mg/d) 1932 663 1651 508 2578 744 <0-01 1820 667 2365 669 <0-01 1954 677 2222 739 <0.-01
Mg (mg/d) 321.9 922 300-6 76-7 396-0 105-1 <0-01 3285 97.0 3595 969 <0.-01 334.8 875 3589 1067 <0.-01

LTPA, leisure time physical activity.
* Alcohol consumption was defined as ‘at least 3 times/week for more than 6 months continuously’.
1 Derived from foods, table salt or cooking salt.
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Table 2. Association of cigarette smoking and alcohol consumption with blood pressure (BP) measured at the baseline survey of the Shanghai Men’s Health Study, 2002—-6

(Mean values, standard deviations, OR and 95 % CI)

Adjusted difference in BP (mmHg) by cigarette smoking and alcohol consumption*

Current

Heavy

Light

Total

Former

Never

X 95 % Cl Pirend

95% Cl

95% Cl

95% Cl

SD

Meant

OR

Systolic BP

<0-001
<0-001

11,23
4.9, 6.4

1.7

57

02, 0-8
26,32

02, 0-9 0-5

0-6
32

151 -0-2 -08, 04

122-8
121.0

0-0 (reference)

0-0

Cigarette smoking

2.9

2.9,35

0-3 -0-5,1-2

(reference) 15-1

Alcohol consumption

Diastolic BP

0-129
<0-001

-0-2,0-2 05 01,09
27,37

-0-0

—-0-3, 0-1

-0:9, —0-1

—-0-5

9-0
9.2

80-0

0-0 (reference)

Cigarette smoking

Diet and blood pressure in Chinese men 269

32

—0-2,08 2.0 1.8,2.2 1.8 1.6, 2.0

0-3

79-3

(reference)

0-0

Alcohol consumption

*Mean difference in BP with each category of each group from the factor analysis compared with the reference level, estimated by the multiple regression models after adjustment for age, BMI, education, income, weight gain since

age 20 years and total dietary energy intake
1 BP of men who never smoked or drank alcohol.

Discussion

The prevalence of self-reported physician diagnosis of hyper-
tension (47-9 % for men 40-75 years of age) in our entire
study population is higher than that in the recent InterASIA
report (2000—1) on a Chinese population of men (38-7 % for
men 45-75 years of age)®. Considering the high prevalence
of undiagnosed and untreated hypertension in China®®, the
prevalence could be higher. After we excluded men who
had a history of physician-diagnosed hypertension and men
who had ever used antihypertensive drugs or had a history
of diabetes, CHD or stroke at the baseline survey, the
prevalence rate of hypertension was still 25 %, suggesting a
substantial underdiagnosis of hypertension in the present
study population. In addition, 47-5% men had pre-hyper-
tension. In the present study, we found that a dietary pattern
with high consumption of fruit and milk was significantly
and inversely associated with both lower systolic and diastolic
BP in men. Its effect was more evident among current alcohol
drinkers, particularly heavy drinkers, and was independent of
other socioeconomic and lifestyle factors. On the other hand,
neither a dietary pattern with high consumption of vegetables
nor a pattern with high consumption of meat was related to
higher systolic or diastolic BP, and no interaction with alcohol
consumption was observed.

One aspect of dietary patterns, which is presumably related
to BP level, is the co-contributions of micronutrients such as
K, Ca, Na, Mg, fibre, etc®”. An alternative explanation
points to compounds abundant in fruits and vegetables, such
as antioxidants, which help to prevent oxidative stress.
For example, it has been shown that 100g of fresh apples
may have antioxidant activity equivalent to 1500mg of
ascorbic acid®®. Vascular oxidative stress has been impli-
cated in the pathophysiology of hypertension, resulting
in impaired  endothelium-dependent  vasodilatation®”,
although the Supplementation en Vitamines et Minéraux
Antioxydants-randomised trial could not demonstrate any
beneficial effect of low-dose antioxidant supplementation
on 6-5 year risk of hypertension®?.

The Dietary Approaches to Stop Hypertension intervention
study* and the Oxford Fruit and Vegetable Study®" have
both shown that a diet rich in fruits, vegetables and low-fat
dairy products, and low in saturated fats can substantially
lower both systolic and diastolic BP. The present finding
that a ‘fruit and milk’ pattern was associated with lower BP
is consistent with these reports. However, in the present
study, neither the ‘vegetable’ nor the ‘meat’ patterns were
related to BP. The Coronary Artery Risk Development in
Young Adults study reported an inverse association of BP
with consumption of a plant-based diet (e.g. whole grains,
fruits and nuts) and a positive association with red and
processed meat®?. McNaughton er al.'® reported that a
mixed pattern, including fruit, vegetables and dairy products,
as well as a meat, potatoes and sweet foods pattern was inver-
sely associated with BP. A higher score for an ‘olive oil and
vegetables’ dietary pattern was associated with lower BP in
Italian men'”. A vegetarian diet has been associated with
some degree of protection against hypertension compared
with a non-vegetarian diet in a Western population(33).
On the other hand, a null association between vegetable con-
sumption and BP or hypertension was reported in several other
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Table 3. Association of food groups based on factor analysis with blood pressure (BP) measured at baseline survey of the Shanghai Men’s Health Study, 2002—-6
(Mean values, standard deviations, OR and 95 % CI)
Adjusted difference in BP (mmHg)* by quintiles of dietary pattern scores for all study subjects (n 39 252)
Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
OR Meant SD X 95% CI X 95% CI X 95% CI X 95% CI Prrend Peontt
Systolic BP
Vegetable pattern 0.0 (reference) 1221 15.9 -05 —-1.0, —0-1 -0-9 —1.4, —04 -0.7 -1.2, —0-3 —-0-0 —0-5, 04 0-624 0-287
Fruit and milk pattern 0-0 (reference) 123.9 16-4 -1.6 -2:0, —11 -2:2 -27,-18 -3:0 -3.5, —2:6 -29 —-34, —24 <0-001 <0-001
Meat pattern 0-0 (reference) 122.5 15.6 -05 -09, -0-0 -06 -11,-02 -05 -1.0, —0-1 0-2 -03,07 0-514 0-133
Diastolic BP
Vegetable pattern 0-0 (reference) 79-8 9-6 -0-2 —-0-5, 0-1 -0-5 -0-8, —0-2 -04 -0-7, —0-1 -0-0 -0-3, —0-2 0-474 0-574
Fruit and milk pattern 0-0 (reference) 81.3 10-0 -0-8 -1.1, -05 -1.3 -1.6, —1.0 -1.6 -1.9, - 1.3 -1.7 —-2.0,—14 <0-001 <0-001 >
Meat pattern 0-0 (reference) 79-9 94 -02 —-0-5, 01 -0-1 —0-4, 01 -0-1 -04,02 0-3 -0-0, 0-6 0-065 0-010 °°
5
Q
Adjusted difference in BP (mmHg)* by quintiles of dietary pattern scores for subjects with no major dietary changes (n 27 436) Y
Quintile 2 Quintile 3 Quintile 4 Quintile 5
X 95% ClI X 95% Cl X 95% Cl X 95 % Cl Pirend Peontt
Systolic BP
Vegetable pattern -06 -1-1, -01 -1.0 -1.5, -05 -09 —-1.4,-04 -0-3 -0-8, 0-3 0-133 0-800
Fruit and milk pattern -1.7 -22,-11 —-22 -28,-17 -31 -36, —2:6 -29 -34,-23 <0-001 <0-001
Meat pattern -0-6 -1-1, —01 -07 -1.2, -0-2 -05 -1.1,0-0 0-1 —0-4,0.7 0-367 0-099
Diastolic BP
Vegetable pattern -03 -0.7,0:0 -07 -1.0, - 04 -06 -09, -02 -02 -0-5,0-2 0-092 0-515
Fruit and milk pattern -09 -1.3, -06 -1.3 -1.7,-1.0 -16 -2.0,-1.3 -1.6 -2.0,-1-3 <0-001 <0-001
Meat pattern -04 -07, -0-0 -03 —0-6, 0-1 -02 -0:5,02 0-1 -02,05 0-278 0-051

*Mean difference in BP with each category of each group from the factor analysis compared with the reference level, estimated by the multiple regression models after adjustment for age, BMI, education, income, cigarette smoking,
alcohol consumption, weight gain since age 20 years and total dietary energy intake.

1 Test for linearity.

1 BP of men in lowest quintile for each dietary pattern.
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Table 4. Fruit and milk dietary pattern loading score and blood pressure (BP) measured at baseline survey, stratified by smoking and alcohol consumption status, Shanghai Men’s Health Study, 2002—-6

(OR and 95% Cl)

Adjusted difference in BP* by fruit and milk diet loading score

Number of participants Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5
Quintile Quintile  Quintile Quintile  Quintile
1 2 3 4 5 OR 95%Cl 95% Cl OR 95% Cl OR 95% ClI OR 95% Cl Pirend Pinteraction
Cigarette smoking
Systolic BP
Never 1031 1444 2076 2060 3138 00 Ref. -1.8,0-4 -1 -22,-01 -20 -81,-10 -22 -32,-1.2 <0-001
Formert 438 566 670 720 756 00 Ref. -35,0-3 -20 -39,-02 -34 -52,-15 =31 -4.9, —1.2 <0-001 o
Current 6420 5871 5140 4495 3880 00 Ref. -26,-16 -30 -85 -25 -38 —43,-32 -36 —4.2, -30 <0001 0-828% <y
< 20 (cigarettes/d) 5468 5195 4643 4139 3567 0-0 Ref. —-22,-07 -25 -383, —-1.7 —-381 -39, -23 -—-24 -32, —1-6 <0-001 )
= 20 (cigarettes/d) 952 676 497 356 313 0.0 Ref. -32,-18 -82 -89, -25 -41 -4.9,-833 -47 -56,-39 <0001 0-748§ 2
Diastolic BP =2
Never 1031 1444 2076 2060 3138 00 Ref. -1.1,0-3 -06 —1.2,0-1 -09 -15,-02 —-12 —-1.8,-05 <0-001 8
Formert 438 566 670 720 756 0-0 Ref. -1.6,0-7 -07 -1.8,0-4 —-1-4 —-25,-03 —-12 —-22,0-0 0-017 a
Current 6420 5871 5140 4495 3880 00 Ref. -14,-08 -18 -22,-15 -2.1 -25,-18 -22 -26,-18 <0-001 0-675 %
< 20 (cigarettes/d) 5468 5195 4643 4139 3567 00 Ref. -12,-02 -17 -22,-12 -19 -24,-14 -17 -23,-12 <0-001 2
= 20 (cigarettes/d) 952 676 497 356 313 00 Ref. -1.8,-09 -18 -23,-14 -22 -27,-16 -26 —31,-2.0 <0-001 0-332 (%
Alcohol consumption|| 5
Systolic BP A
Never 4254 4848 5289 5575 5955 0-0 Ref. -15,-04 -14 -19,-08 -22 -28,-17 -20 -26,—15 <0.001 g
Formery 287 239 207 205 216 0.0 Ref. -38,13 —-22 —48,05 -1.8 —45,09 -38 —65 —11 0-009 5
Current 3348 2794 2390 2041 1603 00 Ref. -32,-17 -86 —44,-28 -42 -50,-24 -53 -71,-35 <0-001 0-004 @
< 7 (times/week) 2801 2432 2136 1849 1449 0-0 Ref. -5.0,-1-8 -34 -51,-17 —-441 -5.8, —-2-4 -53 -7-1, —-35 <0-001 <B1>
= 7 (times/week) 547 362 252 191 154 00 Ref. -31,-14 -386 —4.5 -27 —41 -51,-32 —441 -52, -31 <0-001 0-003 =
Diastolic BP
Never 4254 4848 5289 5575 5955 00 Ref. 09,-02 -09 -12,-05 -11 -1.5,-08 -13 -1.6,-09 <0-001
Former§ 287 239 207 205 216 0.0 Ref. -1.6,15 -08 —24,09 -00 -—17,17 -1.8 -85, -02 0-061
Current 3348 2794 2390 2041 1603 0-0 Ref. -1.7,-07 -20 -25,-15 -24 -30,-13 -30 —-4.2,-1.8 <0-001 0-038
< 7 (times/week) 2801 2432 2136 1849 1449 0-0 Ref. -1.9, 0-1 -1.6 -27,-05 -24 -36,-1.3 -30 —-4-2, —1-8 <0-001
= 7 (times/week) 547 362 252 191 154 00 Ref. -18,-07 -20 -26,-15 -24 -30,-18 -20 -27,—-1.3 <0.001 0-011

Ref., reference.

*Mean difference in BP with each category of each group from the factor analysis compared with the reference level, estimated by the multiple regression models after adjustment for age, BMI, education, income, weight gain since

age 20 years, total dietary energy intake, and total intake of Na and Ca.

1 Former smokers included men who had ever smoked at least 1 cigarette/d for more than 6 months but were not smoking at the time of the interview. <20 (cigarettes/d) v. =20 (cigarettes/d): smoked <20 cigarettes/d v. >20 cigarettes/d.
1 P for interaction between smoking or alcohol consumption (never and ever smoker/drinker) and five categories of the fruit and milk diet.
§ P for interaction between smoking or alcohol consumption (no currently, light and heavy smoker/drinker) and five categories of fruit and milk diet.
|| Alcohol consumption was defined as ‘at least 3 times/week for more than 6 months continuously’.
9 Former drinkers included men who had ever drunk alcohol at least 3 times/week for more than 6 months continuously, but were not drinking at the time of the interview. <7 (times/week) v. =7 (times/week): drunk <7 times/week v.

>7times/week.

1LT
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Table 5. Association of dietary patterns with pre-hypertension and hypertension according to polychotomous multiple regression analysis stratified by alcohol consumption*

(OR and 95% Cl)

All subjects (n 39291) Non-drinker (n 25953) Former drinker (n 1146) Current drinker (n 12191)
Pre-hypertensive Hypertensive Pre-hypertensive Hypertensive Pre-hypertensive Hypertensive Pre-hypertensive Hypertensive
All (n18697) (n 9853) All (n18697) (n 9853) All (n18697) (n 9853) All (n18697) (n 9853)
OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl OR 95%Cl

Vegetable pattern

Q1 Reference Reference Reference Reference Reference Reference Reference Reference Reference Reference Reference Reference

Q2 0.98 0:91, 1.06 1.00 0-93, 1.08 0-95 0-86, 1-04 0.97 0-89, 1-06 0-99 0-91, 1-09 0-91 0-82, 1-02 1.27 0-84, 1.94 1.24 0.79, 1.95 1.31 0-79, 2:18 0-94 081, 1-10 095 0-81,1.12 0-94 0-78, 1-12

Q3 1.00 0-93, 1.07 1.08 0-95, 1-11 0-94 0-85, 1-03 0-95 0-87, 1-04 0-98 0-90, 1-08 0-88 0-79, 0-99 1-60 1-04, 2-45 1.79 1.14,2.82 1.28 0-76, 2-17 0-97 0-84, 1-13 1.00 0-85,1-17 0-930-77,1-11

Q4 1.03 0-96, 1-11 1.07 0-99, 1-15 0-97 0-88, 1-06 0-96 0-88, 1-05 1.02 0-93, 1-12 0-84 0-75, 0-94 1-59 1.02, 2-47 161 1.01,2.58 1.56 0-92, 2-65 1.01 0-89, 1-17 1.02 0-87,1-19 1.00 0-85, 1-17 2]

Q5 1.151.07, 1-.24 115 1.06, 1-25 1-14 1.04, 1-25 1.06 0-97, 1-16 1.09 0-99, 1-20 0-99 0-88, 1-11 1.72 111, 2.66 1-64 1.03, 2.62 1.86 1-10, 3-13 1.08 0-93, 1-25 1.07 0.92,1.25 1.09 0-91, 1-29 :'D

Pirend 0-0001 0-0001 0-0056 0-3510 0-0880 0-3334 0-0069 0-143 0-0147 0-1247 0-1738 0-1411 F‘

Fruit and milk pattern g

Q1 Reference Reference Reference Reference Reference Reference Reference Reference Reference Reference Reference Reference ®

Q2 0-84 0-78, 0-91 0-90 0-83, 0.97 0-93 0-68, 0-81 0-93 0-84, 1-03 0-96 0-84, 1-03 0-85 0-76, 0-97 0-95 0-63, 1-44 0-98 0-63, 1-54 0-90 0-55, 1-48 0-78 0-68, 0-88 0-84 0-73, 0-96 0-68 0-59, 0-79 g

Q3 0-78 0-72, 0-84 0-85 0-79, 0-93 0-63 0-57, 0-69 0-89 0-81, 0-98 0-94 0-81,0-98 0-77 0-68, 0-87 0-88 0-57, 1-36 0-98 0-62, 1-55 0-74 0-44, 1-24 0-68 0-60, 0-78 0-77 0-67, 0-89 0-55 0-47, 0-64 =~

Q4 0-76 0-70, 0-82 0-87 0-80, 0-94 0-57 0-51, 0-62 0-85 0-77, 0-94 0-92 0-83, 1-02 0-69 0-61, 0-78 1.150.73, 1-83 124 076, 2.03 1.01 0-59, 1.74 0-73 0-63, 0-84 0-88 0-76, 1-02 0-50 0-42, 0-59

Q5 0-74 0-68, 0-80 0-84 0-78, 0-92 0-55 0-50, 0-61 0-84 0-76, 0-92 091 0-82,1-01 0-67 0-59, 0-76 0-80 0-51, 1-23 092 0-58, 1-46 0-60 0-35, 1-03 0-71 0-61, 0-83 0-83 0-71, 0-98 0-53 0-44, 0-64

Prrend <0-0001 <0-0001 <0-0001 <0-0001 <0-0498 <0-0001 0-5582 0-9588 0-1324 <0-0001 0-0324 <0-0001

Meat pattern

Q1 Reference Reference Reference Reference Reference Reference Reference Reference Reference Reference Reference Reference

Q2 1.00 0-93, 1-08 1.01 094, 1-10 0-97 0-88, 1-06 0-99 0-91, 1-07 1.00 0-92, 1-09 0-96 0-86, 1-07 1.27 0-83, 1-94 1-30 0-83, 2.04 1.21 0-72, 2-02 0-98 0-82, 1-18 1.00 0-82, 1-22 0-95 0-77, 1-19

Q3 1.02 0-95, 1-10 1.04 096, 1-12 1-00 0-91, 1-10 1-00 0-91, 1-10 1.06 097, 1-16 0-96 0-86, 1-07 110 0-72, 1-67 1.00 0-63, 1-57 1.28 0-77, 212 0-90 0-75, 1-07 0-89 0-74,1.08  0-90 0-73, 1-11

Q4 1.07 0-99, 1-15 1.07 099, 1.16 1.05 0-96, 1-16 1.00 0-91, 1.09 1.02 093, 1.12 0-95 0-84, 1.06 1.01 0-66, 1-54 1.03 0-66, 1-61 0-99 0-59, 1-65 1.00 0-84, 1-19 1.01 0-85,1.22 0.97 0-79, 1-19

Q5 1.28 1-19, 1.38 1.24 1.15,1.35 1.37 1.25, 1-50 1.121.02,1-24 1.16 1.05,1.28 1.04 0-92, 1-18 1.37 0-88, 2-12 1.33 0.84, 213 1.43 0-85, 2-43 1.09 0-93, 1-28 1.06 0-89, 1-26 1.15 0-95, 1-39

Prrend <0-0001 < 0-0001 <0-0001 0-048 0-0117 0-8566 0-4145 0-5184 0-3765 0-0564 0-1781 0-0181

*OR adjusted for age, BMI, education, income, cigarette smoking, weight gain since age 20 years and total dietary energy intake compared to subjects with normal blood pressure.
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clinical interventions®® and observational!7**3% studies. It is

noteworthy that the definition of the ‘vegetable’ pattern in the
present study is different from that used in the Dietary
Approaches to Stop Hypertension study and other studies.
In addition, because many lifestyle factors are associated
with dietary patterns and there is overlap between dietary
patterns, it is difficult to truly distinguish one dietary pattern
from another.

There are several possible explanations for the different
associations observed for the ‘vegetable’ and the ‘fruit and
milk’ patterns in the present study. First, a high score for
the ‘vegetable’ or the ‘meat’ pattern was related to a high
intake of Na, while a high score for the ‘fruit and milk’ pattern
was not related to a dietary Na intake. Intake of total Na was
positively associated with both systolic and diastolic BP in the
present study population, consistent with results from other
populations®’~*. However, additional adjustment for Na
and Ca intakes did not change the associations of dietary
patterns with BP. In contrast to the eating habits of Western
populations, which often consume vegetables that are raw
and fresh, Chinese populations tend to eat vegetables that
have been cooked with salt or that have been pickled.
Second, mineral absorption in the intestine is affected by
compounds that are consumed at the same time and interact
with other minerals. For instance, phytate and oxalate, both
abundant in vegetables, can impair the bioavailability of Ca,
Fe and Zn, and phytate content depends to some extent on
food processing and cooking methods®. On the other hand,
the citric and ascorbic acids, abundant in fruit, have been
reported to have a synergistic effect on the mineral absorption
and bioavailability of Ca and P in the body®®. Third, in view
of the effect of antioxidants on BP, cooking vegetables before
they are eaten may result in the loss of some antioxidant
content (e.g. vitamin C). Finally, because the association of
the ‘vegetable’ pattern with BP was no longer present when
the analysis was restricted to participants who reported no
major changes in recent diet, reverse causality, i.e. diet
modification as a means to prevent high BP among men
with high BP, could not be excluded.

The positive association between alcohol consumption and
BP is widely recognised. Consistent with the present results,
many epidemiological studies have reported a positive
association between alcohol consumption and BpG739,
A prospective cohort study in Japan®? observed that the aver-
age annual increase in systolic BP was greater among alcohol
drinkers who consumed =300g/week than among non-
drinkers, suggesting a hypertensive effect of long-term alcohol
consumption. Smoking causes an acute increase in BP and
heart rate and possibly malignant hypertension(“), which
could be explained by nicotine acting as an adrenergic agonist,
mediating local and systemic catecholamine release of vaso-
pressin(“). A study in England showed a small independent
effect of smoking on BP“?, similar to results from the present
study. However, a cross-sectional study in Japan found lower
BP in cigarette smokers™®. It is noteworthy that in the present
study, the association of the ‘fruit and milk’ pattern with BP
was modified by alcohol consumption status; the association
between the ‘fruit and milk’ pattern and BP was stronger
among current and heavy alcohol drinkers. To our knowledge,
no study has reported a combined effect of dietary patterns
and alcohol consumption on BP, although Criqui et al. “¥

reported that intakes of Ca and K were significantly and
inversely related to BP in non-drinkers and light drinkers
compared with heavy drinkers. The present study appears to
suggest that the nutrients, including antioxidants and certain
minerals abundant in the ‘fruit and milk’ pattern, may counter-
act the negative effects of alcohol consumption that cause
vascular damage. More studies are needed to confirm the
present findings.

It is noteworthy that given the cross-sectional nature of the
present study, no causal association of dietary patterns with
BP can be established. Although careful adjustment for
multiple confounders did not appreciably change the results,
we could not completely exclude the possibility of residual
confounding due to unmeasured or inaccurately measured cov-
ariates, such as information on family history of hypertension
and BP-related diseases including hypercholesterolaemia. It is
possible that men with a known family history of hypertension
or with hypercholesterolaemia were more likely to pursue
healthier lifestyles and dietary practices than those without
such a family history or condition. BMI and weight gain are
related to BP and dietary patterns, and thus may act as
confounders. It is also possible they are in the causal pathway.
In the present study, the association of the ‘fruit and milk’
pattern with BP changed little with or without adjustment
for BMI and weight gain (data not shown). The ‘vegetable’
pattern, on the other hand, was inversely associated with BP
without adjustment for BMI and weight gain, indicating
possible overadjustment (data not shown). However, we also
found that the ‘vegetable’ pattern was positively associated
with BMI and weight gain, suggesting possible reverse causa-
tion (data not shown). Studies with a prospective design are
needed to disentangle the nature of the relationship between
dietary patterns and BP. Because there are many potential
differences in nutrients between dietary patterns, this approach
cannot determine the specific nutrients responsible for BP
differences. Dietary patterns are likely to vary according to
sex, socioeconomic status, ethnic group and culture, and the
meaning of a dietary pattern could change over time because
of changes in food preferences and food availability®?.
Although the distribution of age, sex, education level and
occupation in the eight participant communities is similar to
the general population of urban Shanghai, it is unclear whether
the present findings can be generalised to residents of
sub-urban Shanghai or to other cities in China. Thus, it is
necessary to replicate these results in diverse populations.
Nevertheless, the present study has several strengths.
The population-based study design and high response rate
minimised selection bias. BP was measured in participants’
homes by trained medical professionals. The comprehensive
information on lifestyle and dietary factors allowed for adjust-
ment of a broad range of potential confounding variables.

In summary, we found that the ‘fruit and milk’ pattern was
inversely associated with BP, and the effect was more
pronounced in current and heavy alcohol drinkers. The present
results suggest that modifying dietary practice may be an
effective means of combating high BP.
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Factor loadings for three major dietary patterns at baseline for 39 252 male adults in the Shanghai Men’s Health Study*

Factor 1 (vegetable dietary pattern)

Factor 2 (fruit and milk dietary pattern)

Factor 3 (meat dietary pattern)

No. Food items Factor loading Food items Factor loading Food items Factor loading
1 Green beans 46 Oranges 55 Chicken 40
2 Yard long beans 45 Apples 53 Beef, lamb 39
3 Cucumbers 43 Watermelon 48 Duck, goose 38
4 Wax gourds 42 Pears 47 Organ meat 38
5 Celery 42 Other fruits 44 Pig’s feet 37
6 Amaranth 42 Grapes 43 Eel 34
7 Wild rice stems 41 Fresh milk 42 Shrimp, crab, etc. 32
8 Tomatoes 41 Bananas 41 Ham hocks 32
9 Chinese chives 41 Bread 38 Salt water fish 31
10 Eggplant 39 Peaches 38 Noodles 31
11 Potatoes 39 Desserts 29 Fresh pork (mixture) 29
12 Asparagus lettuce 38 Preserved fruits 23 Pig liver 28
13 Baby soyabeans 38 Edible tree fungi 21 Fried bean curd 28
14 Garland chrysanthemums 38 Xianggu mushroom 20 Conch 27
15 Clover 38 Eggs, duck eggs 17 Pork ribs 26
16 Hyacinth beans 37 Milk powder 9 Fresh water fish 20
17 Chinese cabbage 36 Soya milk 8 Fresh pork (lean) 19
18 Cauliflower 36 Fresh pork (fat) -14 Pork chops 15
19 Fresh peppers 36 Peanuts 14
20 Garlic 36 Dried soyabeans 12
21 Fresh mushrooms 35 Rice —69
22 Bamboo shoots 35

23 White turnips 35

24 Luffa 34

25 Spinach 34

26 Green cabbage 32

27 Onions 32

28 Shepherd’s purse 32

29 Fresh peas 31

30 Snow pea shoots 31

31 Chinese greens (Bokchoi) 30

32 Lotus root 29

33 Soyabean sprouts 24

34 Carrots 24

35 Fresh broad beans 24

36 Mung bean sprouts 23

37 Heads of garlic 23

38 Green onions 23

39 Bean curd 21

40 Mung beans, red beans 21

41 Sea tangle 21

42 Sea laver 1

* Factor loadings are multiplied by 100 and rounded to the nearest integer.
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