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Background and Objectives: With rapid population ageing and an increasing rate of hypertension in China, this
study aims to examine the association between dietary patterns, dietary lead and hypertension among older Chinese population. Methods and Study Design: We analysed the 2009 China Health and Nutrition Survey data
(2,634 individuals with dietary and hypertension measurement data, aged ≥60 years). Dietary data were obtained
using 24 hour-recall over three consecutive days. Dietary lead intake is based on a published systematic review of
food lead concentration and dietary lead exposure in China. Factor analysis was used to identify dietary patterns.
Poisson regression and multinomial logistic regression models were used to explore the association between dietary patterns and hypertension. Results: The prevalence of hypertension was 47.0% in men and 48.9% in women.
Traditional dietary pattern (high intake of rice, pork and vegetables) was significantly inversely associated with
known hypertension. In the fully adjusted model, compared with the lowest quartile of traditional dietary pattern,
the highest quartile had a lower risk of known hypertension, with Relative Risk Ratio=0.69 (95% CI: 0.50; 0.95).
However, associations between modern dietary pattern and hypertension differed by urbanization; an inverse,
positive and null association was seen in low, medium and high urbanization. Additionally, dietary lead showed a
significant positive association with hypertension and known hypertension. Conclusions: Policies that facilitate
and promote healthy diets, and the availability of healthy foods particularly at the regional and local levels, are
important for the prevention of hypertension.
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INTRODUCTION
Hypertension is the most common preventable risk factor
for cardiovascular and cerebrovascular diseases.1 In China, the prevalence of hypertension has increased by 60%
over the last 30 years.2 Hypertension is more common in
older people with both prevalence and severity increasing
with age.3 Data from the 2007-2008 China National Diabetes and Metabolic Disorder Study shows that the prevalence of hypertension for people aged 65 years or over is
56.5%, which is much higher than for people in younger
age groups.4 Additionally, people who live in urban areas
have a higher prevalence of hypertension than those living in rural areas.2,4
The dramatic increase in the prevalence of hypertension
in China is due largely to lifestyle changes, such as overconsumption of dietary fat,5 dietary salt and reduction in
physical activity.4 Dietary changes can reduce blood pressure and lower the risk of blood pressure related complications.6 Previous studies have found that changing dietary behaviours can lower blood pressure.7,8 The Dietary
Approaches to Stop Hypertension program shows that
consuming foods that contain decreased amounts of total

and saturated fats and cholesterol can reduce the blood
pressure substantially in both people with or without high
blood pressure.7 Moreover, previous studies have demonstrated the link between environmental lead exposure,
hypertension and cardiovascular diseases.9,10 However,
there are extremely few epidemiological studies on the
links between dietary lead exposure and hypertension.
There is increasing interest in exploring the association
between dietary pattern and hypertension in China,11,12
however studies of diet and nutrition among older Chinese population are scarce.5 As China’s population ages
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rapidly,13 and the prevalence of hypertension increases
with age,3 it is important to conduct epidemiological studies that examine the association between dietary pattern
and hypertension. The evidence can help health professionals and policy makers to develop a dietary policy and
interventions aimed at preventing the high prevalence of
chronic diseases among the older population in China.
The aim of this study is to assess the association between
dietary pattern and hypertension. In additional, the dietary
lead intake in the Chinese population is extremely high.
With the potential of an association between lead exposure and hypertension, we also examined the association
between dietary lead exposure and hypertension.
METHODS
China Health and Nutrition Survey (CHNS)
CHNS is an ongoing, open cohort longitudinal survey of
nine waves (1989-2011). The survey uses a multistage
random-cluster sampling process to select samples from
nine provinces across China.14 From the 2000 survey, the
selection of the nine provinces in the CHNS was made to
maximize the variation in geography, economic development and health indicators.15 Detailed study design and
sample collection procedure has been described in the
previous study.14 The present study includes 2,634 participants aged ≥60 years, for whom dietary and hypertension
measurement data were available in 2009.
Survey protocols, instruments, and the process for obtaining informed consent for CHNS were approved by the
institutional review committees of the University of North
Carolina at Chapel Hill and the National Institute of Nutrition and Food Safety, China Centre for Disease Control
and Prevention. All participants have given their written
informed consent. The University of Newcastle, Australia
approved the use of the data for this study (Approval
Number: H-2013-0360).
Dietary assessment and food grouping
Detailed dietary data collection has been described elsewhere.14 Dietary assessment was based on a combination
of data collected at the individual level, and a food inventory was taken at the household level. Household food
consumption was determined by weighing all food consumed by the household over three consecutive days from
Monday to Sunday. Household food consumption was
determined by examining changes in the food inventory
from the beginning to the end of each day, in combination
with a weighing and measuring technique. All foods remaining after the last meal, before initiation of the survey,
were weighed and recorded. All purchases, as well as
home produced foods, were recorded. Wasted foods were
estimated when weighing was not possible. At the end of
the survey, all remaining food was again weighed and
recorded. To collect individual dietary data, each household member was asked to report all food consumed over
the previous 24 h for each of the three days, whether at
home or away from home. Interviewers recorded the
types and amounts of food consumed at each meal during
the previous day. The amount of food in each dish was
estimated from the household inventory, and the proportion of each dish consumed was reported by each person.

The food groups were based on a food system developed specifically for the CHNS and the Chinese Food
Composition Table.16 Initially, 33 food groups were included. As some food items were consumed by less than
5% of participants, food intakes were further collapsed
into 27 food groups based on similarity of nutritional profiles. The 27 food groups are: rice, wheat flour and wheat
noodles, wheat buns and bread, corn and coarse grains,
deep-fried wheat, starchy roots and tubers, pork, red meat,
organ meat, processed meats, poultry and game, fish and
seafood, milk, eggs and egg products, fresh legumes, legume products, dried legumes, fresh vegetables-non-leafy,
fresh vegetables- leafy, pickled or canned vegetables,
dried vegetables, cakes, fruits, nuts and seeds, beer, liquor
and fast food.
Heavy metal contamination in food is of great concern
in China. Different heavy metal affects health differently,
e.g. cadmium mainly affects kidneys; environmental lead
is known to affect blood pressure.17,18 Thus in the study
we only focused the association between dietary lead and
blood pressure. We calculated dietary lead intake based
on a published systematic review of food lead concentration and dietary lead exposure in China.18 Salt intake from
household food consumption data was used to supplement
the individual dietary data. Individual salt consumption
was calculated according to the total amount of salt consumed in the household, divided by the number of individuals per household, and was then adjusted for the proportion of the household energy intake by each individual,
details have been described in our previous study.19
Mean consumption of each food group per day was
calculated from dietary data as liang (Chinese ounce, 1
liang=50 g). For alcoholic beverages, soft drink and tea,
mean consumption was calculated from the adults’ questionnaire in CHNS. Respondents were asked ‘do you
drink any kind of alcoholic beverage (beer or liquor)?’,
and were asked further questions on drinking frequency,
types and quantity consumed in a week. Also, participants
were asked ‘do you normally drink tea?’ and ‘do you
drink soft drinks or sugared fruit drinks?’ Further questions on drinking frequency and number of cups consumed per day (a cup is approximately 240 mL) were
asked. Energy intake was calculated by CHNS based on
the Chinese Food Composition Table.20
Outcome and hypertension definition
After at least a 10 min rest, trained examiners measured
the blood pressure on the right arm in the sitting position
using a mercury sphygmomanometer according to a
standard protocol.21 The blood pressure was measured
three times and the average of the three readings was calculated as the blood pressure value.21 Hypertension was
defined by combining a systolic blood pressure (SBP)
≥140 mmHg and/or diastolic blood pressure (DBP) ≥90
mmHg22 or taking anti-hypertensive medication.23 Known
hypertension was identified by the question “has a doctor ever told you that you suffer from high blood pressure?” Newly diagnosed hypertension was defined as
SBP ≥140 mmHg and/or DBP ≥90 mmHg but with no
use of anti-hypertensive medication.
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Assessment of sociodemographic and lifestyles factors
The adult’s questionnaire in CHNS provided data on each
participant’s background information, health history,
physical measurement, and health-related behaviours. We
used participants’ age, gender, education, marital status,
work status, smoking, alcohol intake, physical activities
and urbanization as covariates in this study.
Education level as indicated in the questionnaire was
allocated to one of four categories, namely illiterate; low:
primary school; medium: junior middle school, and high:
high middle school or higher. Marital status was categorized as married or other, based on five categories in the
questionnaire: married; never married; divorced; widowed; separated. Work status was divided into two categories (no paid work/ paid work). Smokers were identified as people who have at least one cigarette per day
(Yes/ No), based on the question ‘how many cigarettes do
you smoke per day?’ Drinking was allocated into two
categories (Yes/No), with the question ‘last year, did you
drink beer or any other alcoholic beverage?’ Participants
were asked the amount of time spent at different types of
physical activities per week.14 We calculated the Metabolic Equivalent of Task (MET) based on the Compendium
of Physical Activities 2011.24 Four types of physical activities were involved to calculate the MET, which were
domestic activity (e.g. buying food, cooking); occupational activity (e.g. light, moderate and heavy); transportation activity (e.g. walking to/from work) and leisure
activity (e.g. martial arts). Based only on absolute threshold of population and/or population density, the urbanization index was uses instead of urban/rural measurement.
Urbanization is defined by a multidimensional, twelvecomponent urbanisation index, which captures population
density and physical, social, cultural and economic environments in CHNS. Details has been described elsewhere.5
Statistical analysis
Exploratory factor analysis was used to identify dietary
patterns using the principal component analysis method in
STATA/SE 13.1 (STATA, StataCorp, USA). The 27 food
groups were included in the factor analysis. Dietary patterns were identified based on the eigenvalue (>1), scree
plot, factor interpretability and the variance explained
(>5%). Factors were rotated with varimax to improve the
interpretability of factors and minimize the correlation
between factors. Factor loadings of >|0.20| represent the
foods which most strongly related to the identified factor.
Participants were assigned a pattern-specific factor
score, which was calculated as the sum of the products of
the factor loading coefficients and standardized daily intake of each food associated with that pattern. Factor
loadings were included in the calculation of pattern scores.
Factor scores were divided into four quartiles based on
their distributions in each stratum. Poisson regression
models were used to examine the associations between
dietary patterns and hypertension. Multinomial logistic
regression models were used to examine the association
between each dietary pattern and different blood pressure
status groups (normal, known hypertension and newly
diagnosed hypertension). Forest plots25 were used to show
the association between blood pressure status groups
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and each dietary pattern, stratified by three urbanization
levels.
RESULTS
Sample characteristics are shown in Table 1. Among the
2634 participants, the overall prevalence of hypertension
was 47.0% in men and 48.9% in women (p=0.33). Average DBP and SBP were similar between men and women,
with a median DBP of 80 mmHg for both men and women, and a median SBP of 130 mmHg for men and 131
mmHg for women. Significant differences were found
between men and women in their physical activity, marital status, work status, education level, smoking status,
and DBP (p≤0.01).
Two dietary patterns were identified by factor analysis.
Two factors explained 14.9% of the variance in intake.
The traditional dietary pattern (Eigenvalue=2.25) loaded
heavily on rice, pork, vegetables and fish (factor loading
>0.3), and inversely loaded on wheat flour and wheat
buns (factor loading <-0.50). The modern dietary pattern
(Eigenvalue=1.75) was characterised by high intake of
fruit, milk, fast food, nuts and cakes (factor loading >0.3),
and inversely on rice and wheat flour (factor loading <
-0.2).
After adjusting for socioeconomic status factors, smoking, physical activity, dietary salt, and lead intake (model
4), there were no significant associations between dietary
patterns and hypertension (Table 2a). Results from the
fully adjusted multinomial logistic regression model
(model 4, Table 2b) show that traditional dietary pattern
was inversely associated with known hypertension (Table
2b), the Relative Risk Ratios (RRRs) across quartiles
were 1, 0.82 (95% CI: 0.62; 1.10), 0.81 (95% CI: 0.61;
1.09) and 0.69 (95% CI: 0.50; 0.95), respectively (p for
trend=0.05). No significant associations were found between dietary patterns and newly diagnosed hypertension.
Table 3 shows the association between dietary salt/lead
intake and hypertension in the fully adjusted model
(model 4). Average dietary intake was 8.5 g/day for salt
and 74.4 µg/day for lead. There is no significant difference in risk of hypertension between quartiles of dietary
salt consumption (p>0.05). Dietary lead intake was positively associated with hypertension and known hypertension, but not in the newly diagnosed hypertension. Compared with the lowest quartile, the PRs in the highest
quartile was 1.15 (95% CI: 1.01; 1.31) for hypertension,
and RRR of 1.61 (95% CI: 1.15; 2.27) for the known hypertension.
After adjusting for urbanization levels (Table 2, model
2), PRs and RRRs decreased by 10% for the traditional
dietary pattern, and the association between hypertension
and the modern dietary pattern was no longer statistically
significant in either the hypertension or known hypertension. This implies that urbanization is a potential confounding or matching variable. Therefore, data was stratified by urbanization levels for further analysis.
Figure 1 shows the association between each dietary
pattern and blood pressure status, stratified by three urbanization levels. There were inverse associations between a traditional dietary pattern and all hypertension
groups across the three urbanization levels. However, the
associations between modern dietary pattern and hyper-
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Table 1. Characteristics of study participants (n=2,634)
Factor
n (%)
Age, median (IQR)
Physical activity (MET), median (IQR)
Marital status, n (%)
Married
Others†
Work status, n (%)
No paid work
Paid work
Urbanization level, n (%)
Low
Medium
High
Education level, n (%)
Illiteracy
Low
Medium
High
Smoking status, n (%)
No
Yes
Alcohol drinking, n (%)
No
Yes
DBP, median (IQR)
SBP, median (IQR)
Blood pressure status, n (%)
Normal
Known hypertension
Newly diagnosed

Men
1246 (47.3)
67.0 (63.0; 74.0)
85.1 (62.8; 134.9)

Women
1388 (52.7)
68.0 (63.0; 74.0)
103.0 (80.9; 134.8)

p value
0.13
<0.001*

1061 (85.6)
178 (14.4)

906 (65.8)
471 (34.2)

<0.001*

824 (66.3)
419 (33.7)

1093 (79.0)
290 (21.0)

<0.001*

443 (35.6)
404 (32.4)
399 (32.0)

460 (33.1)
453 (32.6)
475 (34.2)

0.35

163 (13.2)
558 (45.1)
268 (21.7)
248 (20.0)

608 (44.1)
523 (37.9)
140 (10.2)
108 (7.8)

<0.001*

684 (54.9)
562 (45.1)

1298 (93.5)
90 (6.5)

<0.001*

920 (73.8)
326 (26.2)
80.0 (71.7; 90.0)
130.0 (118.7; 144.7)

1082 (78.0)
306 (22.1)
80.0 (70.7; 88)
130.7 (119.3; 146.0)

642 (51.5)
275 (22.1)
329 (26.4)

691 (49.8)
374 (27.0)
323 (23.3)

0.01
0.01*
0.13
0.009

†

Other marital status includes divorced; widowed; separated and never married.
p≤0.01.

*

tension differed by urbanization: an inverse, positive and
null association was seen in low, medium and high urbanization.
Post hoc analysis
The association between modern dietary pattern and hypertension varied by urbanization levels (Figure 1), which
may imply that food compositions of the modern dietary
pattern were different in each of the three urbanization
levels. Thus we performed additional factor analysis to
identify dietary patterns for low urbanization level. Compared with the factor analysis results across all three urbanization levels, we found different food compositions
of modern dietary pattern in low urbanization levels. Figure 2 shows modern dietary pattern components and factor loadings between the three urbanization levels and the
low urbanization level. Fast food and processed meat
were loaded heavily across three urbanization levels, but
less positively loaded in the low urbanization level. Dried
vegetables and legume products were positively loaded
across three urbanization level, but inversely loaded in the
low urbanization level. By contrast, fresh legumes and
non-leafy vegetables were inversely loaded across the
three urbanization levels, but had a high positive loading
in the low urbanization level. Starches were loaded heavily in the low urbanization level, while much less positively loaded across the three urbanization levels.
Table 4 shows the intake of food groups in the modern
dietary pattern, across the three urbanization levels and in

the low urbanization level. Processed products (fast food,
processed meat, dried vegetables and legume products)
across the three urbanization levels had higher average
intake than in the low urbanization levels. Q4 had significantly higher intake of fresh legumes and non-leafy vegetables than Q1 in the low urbanization level (p for trend
<0.001), while higher quartile had lower intake than lower quartiles across the four quartiles was found across the
three urbanization levels, with no significant difference
found (p for trend >0.05). Although starches intakes in
Q4 were significantly higher than Q1 (p for trend <0.001)
in both groups, the mean starches intake in the low urbanization level was higher across the four quartiles than that
across three urbanization levels.
DISCUSSION
In this cross-sectional study, we found that the traditional
Chinese dietary pattern was inversely associated with
known hypertension. Dietary lead was significantly positively associated with hypertension and known hypertension. Stratified analysis illustrates the different pictures
for the modern dietary pattern in three urbanization levels,
with people living in the low urbanization level having a
different dietary pattern compared with other urbanization
levels.
Our results show that the prevalence of overall hypertension in older Chinese people was extremely high
(47.0% for men and 48.9% of women). We also found
large differences between the overall prevalence of hyper-
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Table 2. Prevalence ratios (PRs) / relative risk ratio (RRRs) and 95% confidence interval (CI) for traditional and
modern dietary pattern
PRs and 95% CI
Q3

Q1

Q2

Hypertension
Intake of traditional dietary pattern
Model 1
Model 2
Model 3a
Model 4

1
1
1
1

0.94 (0.84; 1.05)
0.87 (0.78; 0.97)
0.88 (0.79; 0.99)
0.88 (0.79; 0.99)

Intake of modern dietary pattern
Model 1
Model 2
Model 3b
Model 4

1
1
1
1

1.04 (0.93; 1.17)
1.00 (0.88; 1.12)
0.99 (0.88; 1.12)
1.00 (0.88; 1.12)

Q4

p for trend

0.97 (0.87; 1.08)
0.91 (0.82; 1.02)
0.93 (0.83; 1.04)
0.92 (0.82; 1.04)

0.91 (0.81; 1.02)
0.89 (0.80; 1.02)
0.91 (0.81; 1.02)
0.87 (0.77; 0.99)

0.41
0.21
0.32
0.08

1.12 (1.00; 1.25)
1.04 (0.92; 1.16)
1.04 (0.92; 1.17)
1.02 (0.90; 1.15)

1.18 (1.05; 1.31)
1.07 (0.95; 1.21)
1.04 (0.92; 1.19)
1.01 (0.89; 1.15)

0.01
0.61
0.99
0.67

RRRs and 95% CI
Blood pressure status†
Intake of traditional dietary pattern
Model 1
Normal
Known
Newly diagnosed
Model 2
Normal
Known
Newly diagnosed
Model 3a
Normal
Known
Newly diagnosed
Model 4
Normal
Known
Newly diagnosed
Intake of modern dietary pattern
Model 1
Normal
Known
Newly diagnosed
Model 2
Normal
Known
Newly diagnosed
Model 3b
Normal
Known
Newly diagnosed
Model 4
Normal
Known
Newly diagnosed

1
1
1

1
0.97 (0.74; 1.26)
0.74 (0.57; 0.97)

1
0.93 (0.71; 1.21)
0.88 (0.68; 1.14)

1
0.81 (0.62; 1.06)
0.77 (0.59; 1.01)

0.49
0.17

1
1
1
1
1
1
1

1
0.78 (0.59; 1.03)
0.67 (0.51; 0.89)

1
0.77 (0.58; 1.02)
0.81 (0.62; 1.06)

1
0.74 (0.56; 0.98)
0.77 (0.59; 1.01)

0.15
0.19

1
0.80 (0.61; 1.06)
0.70 (0.53; 0.93)

1
0.81 (0.61; 1.08)
0.83 (0.63; 1.10)

1
0.76 (0.57; 1.01)
0.76 (0.58; 1.01)

0.24
0.16

1
1
1

1
0.82 (0.62; 1.10)
0.69 (0.52; 0.92)

1
0.81 (0.61; 1.09)
0.80 (0.60; 1.07)

1
0.69 (0.50; 0.95)
0.71 (0.52; 0.97)

0.05
0.07

1
1
1

1
1.33 (0.99; 1.76)
0.93 (0.72; 1.21)

1
1.75 (1.33; 2.30)
0.92 (0.71; 1.20)

1
2.00 (1.52; 2.63)
0.98 (0.75; 1.28)

<0.001
0.64

1
1
1

1
1.20 (0.90; 1.61)
0.88 (0.68; 1.15)

1
1.42 (1.06; 1.91)
0.88 (0.67; 1.17)

1
1.43 (1.05; 1.95)
0.99 (0.73; 1.34)

0.24
0.77

1
1
1

1
1.21 (0.89; 1.63)
0.88 (0.67; 1.15)

1
1.42 (1.05; 1.92)
0.88 (0.66; 1.17)

1
1.39 (1.01; 1.91)
0.92 (0.67; 1.27)

0.40
0.39

1
1
1

1
1.20 (0.89; 1.62)
0.88 (0.67; 1.16)

1
1.35 (1.00; 1.83)
0.84 (0.63; 1.20)

1
1.28 (0.92; 1.77)
0.86 (0.63; 1.19)

0.69
0.26

†

Number of participants in three groups is as below: Normal: n=1333, known: n=649 and newly diagnosed: n=652.
Model 1 crude model; Model 2 adjusted for age, gender, marital status, work status, urbanization levels and education level; Model 3 a
adjusted for smoking, alcohol drinking, physical activity, modern diet pattern, energy, salt and model 2. Model 3b adjusted for smoking,
alcohol drinking, physical activity, traditional diet pattern, energy, salt and model 2. Model 4 adjusted for lead exposure and model 3.

tension and the prevalence of known hypertension. The
prevalence of hypertension known to patients was 24.6%
for men and 29.3% for women, which was half the prevalence of overall hypertension, suggesting public awareness of hypertension is low. A Chinese study in Shandong
Province reported similar findings, showing that while
43.8% of the population had hypertension, only 26.2%
were aware of their hypertension.26 Although the awareness of hypertension has improved significantly during
the past decade,27 further action is needed to increase the

public’s knowledge of hypertension, because of the high
prevalence of hypertension among the older Chinese population. Improving awareness of hypertension can promote the control and treatment of blood pressure, and
help reduce the risk of cardiovascular and cerebrovascular
diseases.1
The inverse association of a traditional dietary pattern
and hypertension might be explained by the high consumption of vegetables, fish and legumes, as these food
have been shown to lower blood pressure.7 The food
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Table 3. The association between salt/lead intake and hypertension†
Hypertension
Salt‡
Lead§
Blood pressure status
Known
Salt
Lead
Newly diagnosed
Salt
Lead

p for trend

PRs, RRRs and 95% CI
Q2
Q3
0.91 (0.81; 1.03)
1.04 (0.93; 1.16)
1.11 (0.99; 1.25)
1.02 (0.90; 1.16)

Q4
1.03 (0.91; 1.15)
1.15 (1.01; 1.31)

0.43
0.05

1
1

0.81 (0.61; 1.07)
1.57 (1.18; 2.10)

1.12 (0.84; 1.48)
1.32 (0.97; 1.80)

0.98 (0.73; 1.30)
1.61 (1.15; 2.27)

0.70
0.03

1
1

0.86 (0.65; 1.13)
0.99 (0.75; 1.32)

1.07 (0.80; 1.42)
0.93 (0.69; 1.25)

1.03 (0.78; 1.37)
1.15 (0.83; 1.59)

0.16
0.22

Q1
1
1

RR: Prevalence Ratios; RRR: Relative Risk Ratios.
†
Final model adjusted for age, gender, marital status, work status, urbanization levels, education level, smoking, alcohol drinking, physical activity, traditional diet pattern, modern dietary pattern and energy.
‡
Average intake of salt across quartiles was: 3.0, 5.7, 8.0 and 17.5 g/day.
§
Average intake of lead across quartiles was: 43.6, 63.0, 80.3 and 109.6 µg/day.

Medium urbanization

Modern dietary pattern
Newly dignosed
Known Normal

Trational dietary pattern
Newly dignosed
Known
Normal

Low urbanization
N=903

High urbanization

N=857

N=874

Ref

Ref

Ref

Q1

Q1

Q1

Q2

Q2

Q2

Q3

Q3

Q3

Q4

Q4

Q4

Q1

Q1

Q1

Q2

Q2

Q2

Q3

Q3

Q3

Q4

Q4
.5

1

1.5

2

2.5

Q4
.5

1

1.5

2

2.5

.5
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Q1

Q1

Q1

Q2

Q2

Q2

Q3

Q3

Q3

Q4

Q4

Q4

Q1

Q1

Q1

Q2

Q2

Q2

Q3

Q3

Q3

Q4
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1

1.5

2

2.5

1

1.5

2

2.5

1

1.5

2

2.5

Q4
.5

1

1.5

2

2.5

.5

RRR (95% CI)
Figure 1. The association between dietary patterns and blood pressure status, stratified by low, medium and high urbanization levels.
Figures were adjusted for age, gender, marital status, work status, urbanization levels, education level, smoking, physical activity, alcohol
drinking, salt, lead and energy

groups contained in the traditional dietary pattern in the
present study are similar in other Asian countries, and are
considered to be a heathy diet to prevent hypertension.28
A Japanese traditional diet, characterised by high consumption of vegetables, fruit, fish, pork and soybeans,
shares many of the same food items as our traditional
dietary pattern, which also found an inverse association
with blood pressure.28 We also found that rice consumption, as the staple food in the traditional dietary pattern,
may contribute to a low risk of hypertension. A Chinese
study also pointed out that a rice consumption of ≥401
g/day was associated with 42% less risk of hypertension
compared to a rice consumption of <200 g/day, which is
consistent with our results.29 A modern dietary pattern,

high in processed meat, fast food and dairy, is positively
associated with hypertension, which is consistent with
previous studies in the Chinese population.12
Rapid industrialization and urbanization in China has
led to a higher incidence of food contamination.18 In our
study the average dietary lead intake was 74.4 µg/day.
The Total Diet Study conducted by the Chinese government also showed that the daily dietary lead intake is high,
estimated to be 86.3 µg/day in 1990; 81.5 µg/day in 1992;
81.1 µg/day in 2000 and 50.5 µg/day in 2007. The dietary
exposure to lead was 1.438; 1.358; 1.352 and 0.842 μg/kg
bw/day using a default body weight (bw) of 60 kg for the
general population. The dietary intake of lead in China is
much higher than in other countries,18,30 e.g. in Canada
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Across three urbanization level
Fruits
Milk
Fish
Eggs
Nuts
Fast food
Dried vegetables
Cakes
Deep-fried wheat
Legume products
Processed meat
Poultry
Beer
Wheat buns
Starchy
Meat
Dry legumes
Pork
Corn and Coarse grains
Organ meat
Liquor
Fresh legumes
Vegetable, non-leafy
Canned vegetables
Vegetable, leafy
Rice
Wheat flour

457

Low urbanization level
Eggs
Cakes
Starchy
Fresh legumes
Fruits
Vegetable, non-leafy
Fish
Nuts
Milk
Fast food
Beer
Wheat buns
Corn and Coarse grains
Deep-fried wheat
Meat
Poultry
Rice
Pork
Processed meat
Organ meat
Liquor
Wheat flour
Canned vegetables
Legume products
Dried vegetables
Dry legumes
Vegetable, leafy

-.4

-.2 0
.2
.4
Factor loading

.6

-.4

-.2 0
.2 .4
Factor loading

Figure 2. Modern dietary pattern components and factor loadings between three urbanization levels and low urbanization level

Table 4. Food intakes across qualities of several food groups for modern dietary pattern, by across urbanization level
and in low urbanization level
Food items
(Liang per day)
Across three urbanization
levels
Fast food
Processed meat
Dried vegetables
Legume products
Starchy
Fresh legumes
Vegetable, non-leafy
Energy (kcal per day)
Low urbanization level
Fast food
Processed meat
Dried vegetables
Legume products
Starchy
Fresh legumes
Vegetable, non-leafy
Energy (kcal per day)

Q1
Mean

SD

Intake of modern dietary pattern quartiles (Q)
Q2
Q3
Mean
SD
Mean
SD

Q4
Mean

SD

p for
trend

0.01
0.003
0.007
0.61
0.65
0.82
2.77
2018

0.11
0.03
0.05
0.91
1.05
1.48
2.85
1279

0.13
0.03
0.01
0.82
0.90
0.98
2.63
1880

0.50
0.15
0.07
1.22
1.33
1.57
2.48
720

0.45
0.06
0.07
1.11
1.01
0.93
2.65
2091

0.86
0.25
0.22
1.37
1.64
1.50
2.34
1482

0.94
0.15
0.16
1.57
1.10
0.82
2.69
2268

1.75
0.50
0.40
1.85
1.43
1.17
2.29
1578

<0.001
<0.001
<0.001
<0.001
<0.001
0.45
0.30
<0.001

0.01
0.02
0.04
1.00
0.31
0.31
1.60
1881

0.09
0.12
0.23
1.36
0.64
0.64
1.75
944

0.07
0.04
0.02
0.77
0.71
0.52
2.98
2192

0.35
0.24
0.09
1.54
1.01
0.82
2.45
1847

0.22
0.06
0.03
0.73
1.18
1.10
4.03
2146

0.70
0.55
0.14
1.17
1.35
1.28
2.65
826

0.31
0.02
0.008
0.66
1.87
2.31
4.59
2359

1.33
0.14
0.06
1.13
2.24
2.81
3.30
675

<0.001
0.11
0.004
0.04
<0.001
<0.001
<0.001
<0.001

(0.13 μg/kg bw/day), Australia (0.12-0.13 μg/kg bw/day)
and Lebanon (0.14 μg/kg bw/day). Lead levels are especially high in plant foods (such as vegetables and cereals).18 Lead is a toxic contaminant, which can affect virtually all human body systems, including the blood, cardiovascular, renal, endocrine, gastrointestinal, immune
and reproductive systems.18 In this present study, we
found a significant association between dietary lead and
hypertension. Furthermore, the dietary lead intake was
associated with known hypertension, but not associated
with newly diagnosed hypertension. It may be explained

by the possible changes of diet after diagnosis of hypertension. Further studies are needed to explore to what
degree these changes on diet affects dietary lead exposure.
Although population studies have demonstrated the link
between environmental lead exposure, hypertension and
cardiovascular diseases,9,10 there are no epidemiological
studies on dietary lead exposure and hypertension. More
epidemiological studies need to be conducted in the future to further examine these associations.
Based on the factor loadings (Figure 2) and actual food
intake across quartile of dietary patterns (Table 4), it can
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be speculated that fresh legumes, starches and non-leafy
vegetables were most likely the key components that inversely associated with hypertension, while processed
products (including processed meat and fast food) were
most likely the key components that were positively associated with hypertension. Soybean sprouts, peas and
mung bean sprouts were included in the group of fresh
legumes in the present study. Previous epidemiological
studies show that fresh legumes have a major role in the
dietary prevention of hypercholesterolemia and hypertension,31 and starch intake is also inversely related to blood
pressure.32 Vegetables are naturally high in fibre, and
dietary fibre has a protective effect in hypertension. A
meta-analysis examining the association between dietary
fibre and blood pressure shows that increasing fibre intake can contribute to hypertension prevention.33 The
main mechanism may be that dietary fibre reduces the
glycaemic index of food, thereby attenuating the insulin
response. Insulin plays a role in blood pressure regulation,
and dietary fibre can enhance insulin sensitivity and improve vascular endothelial function.33 Processed foods are
major contributors to dietary salt intake and salt intake
may be the main reason for the positive association between processed products and hypertension.34 However,
in our study we only measured cooking salt at home. Salt
in the processed food was not calculated. The association
between salt intake and hypertension may be masked by
eating out and the consumption of processed food. Salt
must be reduced in commercially processed products in
China to avoid excess salt intake by the Chinese population.35
Our results show that urbanization level is a confounding variable in the association between dietary patterns
and hypertension. This could be partly explained by the
different food composition in modern dietary pattern,
probably due to disparity of food access and availability
in the different urbanization levels in China. For example,
it is common for people who live in an area of low urbanization to grow their own food, which can reduce reliance
on fast and processed food.36 The government needs to
consider regulations and policies that encourage healthy
diets by using available local and regional healthy food in
the prevention of hypertension. Moreover, the main impact of dietary lead on human health is principally
through accumulation in food, mainly in vegetables
grown on contaminated soil. To reduce the dietary lead
intake, the government should take effective measures to
control food lead contamination in China.
Some limitations need to be addressed in the present
study. One of the limitations of the present study is the
cross-sectional design, which means we cannot make an
etiological link between dietary patterns and hypertension.
Although strong associations were found between salt
intake and hypertension in previous studies, failure to find
a statistically significant association may be due to the
cross-sectional design and our study population which
had a particular focus on the older population. Although
cooking methods may have an effect on the prevalence of
hypertension, they were not considered in the present
study. Surprisingly, no significant associations were
found between dietary patterns and newly diagnosed hypertension, which may be due to the low number of par-

ticipants reducing the study power. In addition, although
blood lead level should be also included in the analysis,
blood lead data was not available in the CHNS.
Furthermore, two dietary pattern explained 14.9% of
the variance in intake seems low. However, the variance
explained by the derived factors depended on the number
of food groups entered in the factor analysis. Also, in
contrast to the other studies using FFQ based food intake
data, we used data from 3-day food records. It was expected that the variation of food intake would be greater
than those FFQ based data.
In conclusion, the significance of the study findings is
that dietary patterns and dietary lead are associated with
hypertension in the older Chinese population. Food quality and safety is an issue that needs to be reinforced by the
Chinese government. Condiments, in particular excess
added salt in the processed product, need to be further
controlled to help prevent hypertension. Excess dietary
lead intake also indicates the importance of food safety in
prevention of hypertension. Further longitudinal studies
need to be undertaken to evaluate these associations. In
addition, health professionals can use the evidence of
these associations between dietary pattern and hypertension to give appropriate dietary advice based on food access and availability at the regional and local level, in
order to reduce the risk of hypertension in the older Chinese population.
ACKNOWLEDGEMENTS
We thank the National Institute of Nutrition and Food Safety,
China Centre for Disease Control and Prevention, Carolina
Population Centre (5 R24 HD050924), the University of North
Carolina at Chapel Hill, the NIH (R01-HD30880, DK056350,
R24 HD050924, and R01-HD38700) and the Fogarty International Centre, NIH for the CHNS data collection and analysis
files from 1989 to 2011 and future surveys, and the China-Japan
Friendship Hospital, Ministry of Health for support for CHNS
2009. We thank the infrastructure and staff of the Research Centre for Gender Health and Ageing, who are members of the
Hunter Medical Research Institute.
AUTHOR DISCLOSURES
The authors declare that they have no conflict of interests. This
research received no specific grant from any funding agency in
the public, commercial or not-for-profit sectors.
REFERENCES
1. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton
PK, He J. Global burden of hypertension: analysis of
worldwide data. Lancet. 2005;365:217-23.
2. Wu Y, Huxley R, Li L, Anna V, Xie G, Yao C et al.
Prevalence, awareness, treatment, and control of
hypertension in China data from the China National
Nutrition and Health Survey 2002. Circulation. 2008;118:
2679-86.
3. Wang J, Ning X, Yang L, Lu H, Tu J, Jin W, Zhang W, Su
TC. Trends of hypertension prevalence, awareness,
treatment and control in rural areas of northern China during
1991–2011. J Hum Hypertens. 2014;18:25-31.
4. Gao Y, Chen G, Tian H, Lin L, Lu J, Weng J et al.
Prevalence of hypertension in China: a cross-sectional study.
PLoS One. 2013;8:e65938.
5. Xu X, Byles JE, Shi Z, JJ. H. Evaluation of older Chinese
people’s macronutrient intake status: results from the China
Health and Nutrition Survey. Br J Nutr. 2015;113:159-71.

Dietary patterns, dietary lead and hypertension
6. Appel LJ, Brands MW, Daniels SR, Karanja N, Elmer PJ,
Sacks FM. Dietary approaches to prevent and treat
hypertension a scientific statement from the American Heart
Association. Hypertension. 2006;47:296-308.
7. Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA,
Harsha D et al. Effects on blood pressure of reduced dietary
sodium and the Dietary Approaches to Stop Hypertension
(DASH) diet. New Engl J Med. 2001;344:3-10.
8. Cook NR, Cutler JA, Obarzanek E, Buring JE, Rexrode KM,
Kumanyika SK, Appel LJ, Whelton PK. Long term effects
of dietary sodium reduction on cardiovascular disease
outcomes: observational follow-up of the trials of
hypertension prevention (TOHP). BMJ. 2007;334:885-8.
9. Hara A, Thijs L, Asayama K, Gu YM, Jacobs L, Zhang ZY,
Liu YP, Nawrot TS, Staessen JA. Blood pressure in relation
to environmental lead exposure in the National Health and
Nutrition Examination Survey 2003 to 2010. Hypertension.
2015;65:62-9.
10. García-Esquinas E, Navas-Acien A, Pérez-Gómez B,
Artalejo FR. Association of lead and cadmium exposure
with frailty in US older adults. Environ Res. 2015;137:42431.
11. Qin Y, Melse-Boonstra A, Pan X, Zhao J, Yuan B, Dai Y,
Zhou M, Geleijnse JM, Kok FJ, Shi Z. Association of
dietary pattern and body weight with blood pressure in
Jiangsu Province, China. BMC Public Health. 2014;14:948.
doi: 10.1186/1471-2458-14-948.
12. Wang D, He Y, Li Y, Luan D, Yang X, Zhai F, Ma
Guansheng. Dietary patterns and hypertension among
Chinese adults: a nationally representative cross-sectional
study. BMC Public Health. 2011;11:925. doi: 10.1186/14712458-11-925.
13. World Health Organization. Western Pacific country health
information profiles. [cited 2015/05/03]; Available from:
http://www.wpro.who.int/health_information_evidence/docu
ments/CHIPS2011.pdf?ua=1.
14. Carolina Population Center. China Health and Nutrition
Survey. Carolina Population Center. [cited 2013/05/05];
Available from: http://www.cpc.unc.edu/projects/china.
15. Liu F. New trends in China’s regional economic
development. In: Swee-Hock Saw, Wong J, editors.
Regional economic development in China. Singapore
Institute of Southeast Asian Studies, Singapore; 2009. pp. 914.
16. Batis C, Sotres-Alvarez D, Gordon-Larsen P, Mendez MA,
Adair L, Popkin B. Longitudinal analysis of dietary patterns
in Chinese adults from 1991 to 2009. Br J Nutr. 2014;111:
1441-51.
17. Alissa EM, Ferns GA. Heavy metal poisoning and
cardiovascular disease. J Toxicol. 2011;2011:870125. doi:
10.1155/2011/870125
18. Jin Y, Liu P, Wu Y, Min J, Wang C, Sun J, Zhang Y. A
systematic review on food lead concentration and dietary
lead exposure in China. Chinese Med J-Peking. 2014;127:
2844-9.
19. Xu X, Hall J, Byles J, Shi Z. Do older Chinese people’s
diets meet the Chinese Food Pagoda guidelines? Results
from the China Health and Nutrition Survey 2009. Public
Health Nutr. 2015;18:3020-30.
20. Yang Y, He M, Pan X. China Food Composition Table.
China Institute of Nutriton and Food Safety, China CDC;
2002.

459

21. Wang S, Liu Y, Li F, Jia H, Liu L, Xue F. A novel
quantitative body shape score for detecting association
between obesity and hypertension in China. BMC Public
Health. 2015;15:7. doi: 10.1186/s12889-014-1334-5.
22. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green
LA, Izzo Jr JL et al. The seventh report of the joint national
committee on prevention, detection, evaluation, and
treatment of high blood pressure: the JNC 7 report. JAMA.
2003;289:2560-71.
23. Liang Y, Liu R, Du S, Qiu C. Trends in incidence of
hypertension in Chinese adults, 1991–2009: The China
Health and Nutrition Survey. Int J Cardiol. 2014;175:96-101.
24. Ainsworth BE, Haskell WL, Herrmann SD, Meckes N,
Bassett Jr DR, Tudor-Locke C Greer JL, Vezina J, WhittGlover MC, Leon AS. 2011 Compendium of Physical
Activities: a second update of codes and MET values. Med
Sci Sport Exer. 2011;43:1575-81.
25. Jann B. Plotting regression coefficients and other estimates.
Stata Journal. 2014;14:708-37.
26. Li H, Meng Q, Sun X, Salter A, Briggs NE, Hiller JE.
Prevalence, awareness, treatment, and control of
hypertension in rural China: results from Shandong Province.
J hypertens. 2010;28:432-8.
27. Zhao Y, Lu F, Sun H, Liu Z, Zhao Y, Sun S, Wang S, Diao
Y, Zhang H. Trends in hypertension prevalence, awareness,
treatment, and control rates in Shandong Province of China.
J Clin Hypertens. 2012;14:637-43.
28. Sadakane A, Tsutsumi A, Gotoh T, Ishikawa S, Ojima T,
Kario K, Nakamura Y, Kayaba K. Dietary patterns and
levels of blood pressure and serum lipidsin a Japanese
population. J Epidemiol. 2008;18:58-67.
29. Shi Z, Taylor AW, Hu G, Gill T, Wittert GA. Rice intake,
weight change and risk of the metabolic syndrome
development among Chinese adults: the Jiangsu Nutrition
Study (JIN). Asia Pac J Clin Nutr. 2012;21:35-43.
30. Jin Y, Liu P, Sun J, Wang C, Min J, Zhang Y, Wang S, Wu
Y. Dietary exposure and risk assessment to lead of the
population of Jiangsu province, China. Food Addit Contam
Part A. 2014;31:1187-95.
31. Arnoldi A, Zanoni C, Lammi C, Boschin G. The role of
grain legumes in the prevention of hypercholesterolemia and
hypertension. Crit Rev Plant Sci. 2015;34:144-68.
32. Brown IJ, Elliott P, Robertson CE, Chan Q, Daviglus ML,
Dyer AR et al. Dietary starch intake of individuals and their
blood pressure: the INTERMAP study. J Hypertens. 2009;
27:231-6.
33. Streppel MT, Arends LR, van’t Veer P, Grobbee DE,
Geleijnse JM. Dietary fiber and blood pressure: a metaanalysis of randomized placebo-controlled trials. Arch
Intern Med. 2005;165:150-6.
34. Webster JL, Dunford EK, Neal BC. A systematic survey of
the sodium contents of processed foods. Am J Clin Nutr.
2010;91:413-20.
35. Anderson CA, Appel LJ, Okuda N, Brown IJ, Chan Q, Zhao
L et al. Dietary sources of sodium in China, Japan, the
United Kingdom, and the United States, women and men
aged 40 to 59 years: the INTERMAP study. J Am Diet
Assoc. 2010;110:736-45.
36. Jiang L, Seto KC, Bai J, Xin X, Zheng Z. Urban economic
development, changes in food consumption patterns and
land requirements for food production in China. China Agr
Econ Rev. 2015;7:240-61.

