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Abstract: Evidence indicates that longitudinal changes in dietary patterns may predict variations in
blood pressure (BP) and risk of incident hypertension. We aimed to identify distinct trajectories in the
levels of Mediterranean diet adherence (MDA) in China and explore their association with BP levels
and hypertension risk using the China Health and Nutrition Survey 1997-2011 data. Three levels of
MDA were constructed. The trajectories in these levels were constructed using group-based trajectory
modeling. A Cox proportional hazards model was used to measure the association between MDA
trajectory groups and the risk of incident hypertension after adjusting for covariates. Finally, 6586
individuals were included. Six distinct MDA trajectory groups were identified: persistently low
and gradual decline; rapidly increasing and stabilized; persistently moderate; slightly increasing,
steady, and acutely descending; slightly decreasing and acutely elevated; and persistently high.
The systolic BP and diastolic BP were significantly lower in trajectory groups with rapidly increasing
and stabilized MDA slightly increasing, steady, and acutely descending MDA; and persistently high
MDA. Cox regression analysis showed that the risks of developing hypertension were relatively lower
in the group with slightly increasing, steady, and acutely descending MDA (hazard ratio (HR) = 0.17,
95% confidence interval (CI): 0.09-0.32) and the group with rapidly increasing and stabilized MDA
(HR =0.32, 95% CI: 0.23-0.42), but the risk was the highest in the trajectory with persistently moderate
MDA (HR = 0.96, 95% CI: 0.84-1.08). In conclusion, MDA in China was categorized into six distinct
trajectory groups. BP was relatively lower in trajectory groups with initially high or increasing MDA
levels. Greater MDA was significantly associated with a lower risk of developing hypertension.
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1. Introduction

The Mediterranean diet (MD) is receiving increasing attention due to its association with the
prevention of cardiovascular events. The MD is characterized by a high intake of olive oil and nuts,
cereals, fruit and vegetables; moderate intake of fish, poultry and wine with meals; and low intake of
red and processed meats, dairy products, and sweets [1], and may serve as a healthy dietary pattern to
prevent health outcomes including cardiovascular disease and metabolic syndrome in adults [2,3].

Several studies have documented that the MD could increase the likelihood of controlling blood
pressure (BP) [4,5]. The MD is rich in components presumed to be beneficial to health, including
vegetables, legumes, fruits, nuts, cereals, and fish and features a moderate intake of meat, alcohol and
dairy products. The MD is beneficial to health because these fresh foods are rich in fiber, antioxidant
polyphenols, and essential micronutrients and macronutrients [6]. In a small clinical study, a high
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degree of adherence to the MD could reduce BP [7]. Recently, the results of a meta-analysis including
clinical studies indicated that adhering to the MD is health-protective for systolic BP (SBP) and
diastolic BP (DBP) [2]. Greater reductions in SBP and DBP were observed in the intervention (MD)
group compared to those in the control group [8]. More specifically, a meta-analysis including 2650
individuals found that after 2 years of follow-up, individuals on the MD had more favorable changes
in SBP (—1.7 mmHg; 95% confidence interval (CI): —3.3 to —0.05) and DBP (—1.5 mmHg; 95% CI: —2.1
to —0.8) [9]. Abnormal BP levels have been identified as a consistent risk factor for cardiovascular
events [10]. Many studies have also reported that higher adherence to the MD could reduce the risk of
hypertension [11,12].

Accompanied with rapid economic changes, the dietary pattern in China is changing from a high
intake of cereals and vegetables and low intake of animal food to the Western pattern with a high
intake of animal foods and other high-energy-density foods [13,14]. Hypertension is one of the most
serious chronic diseases in China, with approximately 270 million hypertension cases in 2017 [15].
Dietary lifestyle plays an important role in controlling BP and the development of hypertension [9].
Several convincing studies, in the social context of Western developed countries, have investigated the
association between diet and the development of hypertension [16,17]. The mechanisms underlying
the relationship between MD and cardiovascular disease include improved lipid profiles and reduced
BP [18].

Therefore, the aims of this study were to investigate (1) the secular trends of dietary patterns
in a Chinese population, (2) the association between MD adherence (MDA) trajectories and BP
values over time, and (3) the association between different trajectory groups and the risk of
developing hypertension.

2. Materials and Methods

2.1. Study Population

The China Health and Nutrition Survey (CHNS), an ongoing large-scale and household-based
survey, was started in 1989, with follow-up every 2—4 years. A multistage random-cluster sampling
design was utilized to select samples from nine provinces in mainland China that vary in demography,
geography, economic development, and public resources. The CHNS data cover 228 communities
in nine diverse provinces throughout China (North: Heilongjiang and Liaoning; Central: Shandong,
Henan and Jiangsu; and South: Hunan, Hubei, Guangxi, and Guizhou). More details are described on
the survey website (http://www.cpc.unc.edu/projects/china/about/proj_desc/survey). The present
study included 16,030 participants aged 18 years and over in 1997. Participants who were diagnosed
with hypertension at the baseline (n = 1767), who were lost to follow-up (n = 5074), and without
complete data regarding blood pressure, diet, sex, age, exercise, or smoking (1 = 2603) were excluded.
Through 2011, a total of 6586 individuals were retained (see in Figure S1). The CHNS was approved
by the ethics committee of the National Institute of Nutrition and Food Safety of the Chinese Center
for Disease Control and Prevention and the Institutional Review Board of the University of North
Carolina at Chapel Hill.

2.2. Measurements

2.2.1. Dietary Assessment

The dietary intake of each participant was assessed using 24-h recalls for three consecutive days
(2 weekdays and 1 weekend day), supplemented with a household food inventory weighing method
to estimate the consumption of cooking oils and condiments. Researchers at the CHNS recorded the
types and amounts of food consumed at each meal during the previous day. Detailed information
on data collection has been reported previously [19,20]. We used the MD score scale proposed by
Trichopoulou [11]. This scale includes nine components: vegetables, legumes, fruits, nuts, cereals, fish,
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meat and meat products, dairy products, and alcohol. Values of 0 or 1 were assigned to each of the
components, using the sex-specific median values for the participants as cutoffs for all components
except for meat, alcohol, and dairy. For the six components presumed to be beneficial (vegetables,
legumes, fruits, nuts, cereals, and fish), participants whose intake was at or above the sex-specific
medians were assigned a value of 1, while those with intake below these medians were assigned a
value of 0. For meat, a value of 0 was assigned to participants whose intake was below the median,
while those whose intake was below the sex-specific median were assigned a value of 1. For alcohol
intake, a value of 1 was assigned to men who consumed 10-50 g/day and women who consumed
5-25 g/day. For dairy products, a value of 1 was assigned to those whose daily intake was between 5 g
and 25 g. The scores of the nine categories were summed. The total range in MD score was from 0
to 9. The MD score was calculated for all individuals upon recruitment. Adherence to the MD was
categorized into three levels: low (score 0-2), moderate (score 3-6) or high (score 7-9) [21], using the
low level as the reference level.

2.2.2. Blood Pressure and Hypertension

Each participant’s SBP and DBP were measured on the right arm with the lower edge of the cuff
placed ~25 mm above the elbow after a 10-min seated rest using mercury sphygmomanometers. Blood
pressure was measured three times at 30-s intervals. The mean of the three measurements was used.
During an interview, participants were asked whether they had been diagnosed with hypertension.
In this study, participants were considered to have hypertension if they had been diagnosed with
hypertension by a physician, or had an average SBP of at least 140 mmHg or a DBP of at least 90 mmHg.

2.2.3. Other Variables

Age group (18-29, 30-39, 4049, 50-59, 60-69, and 70+ years) and sex (male or female) were
included. Lifestyle factors were also assessed. In accordance with the Chinese Adult Physical Activity
Guide, participants who achieved 10 MET /h per week were assigned a value of 1. Otherwise, those
who did not achieve the exercise goal were assigned a value of 0. Smoking status was divided into
current (coded as 1) and noncurrent (coded as 0) according to the interview responses of participants.

2.3. Statistical Analysis

To obtain more information on the relationships between changes in levels of MDA and BP
values, a group-based trajectory model (GBTM) was used to identify similar developmental trajectories
in the levels of MDA. The survey wave was used as a timescale for the trajectories. We modeled
the MDA trajectories among participants who were recruited in all the waves. First, a base model
without covariates was constructed to determine the number of groups and the order of the polynomial
functions of the survey wave. The best-fitting model was considered the trajectory group with the
highest probability, which was based on goodness-of-fit statistics using the Bayesian information
criterion (BIC). The BIC results showed that the model with six groups with up to quadratic order
terms fitted the best (the BIC results are presented in Table S1). Second, each participant was assigned
to the corresponding trajectory group based on the maximum likelihood estimation to estimate the
probability of producing variance in the MDA of each group. These results enabled us to analyze
the relationship between MDA trajectories and abnormal BP. Third, the best-fitted model (six groups,
quadratic functions) was further adjusted for other covariates, including sex, age, smoking status, and
exercise, and the BP estimations were compared among different trajectory groups. To ensure the
robustness of the MDA grouping, we further conducted sensitivity analysis with numbers of trajectory
groups having one less and one more than the best-fitted model with the lowest BIC. Fourth, a random
effects model was adopted to estimate differences in BP changes with respect to that reference group
with adjustment for all covariates.

Finally, a Cox proportional hazards model was further adopted to measure the association
between six MDA trajectory groups and the risk of incident hypertension, with adjustment for age,
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sex, smoking, and exercise. To account for the trend of included variables over time, all control
variables except for sex were considered to be time-varying. Considering that 2603 individuals were
excluded, we conducted another sensitivity analysis to estimate the influence of the excluded samples
on the research results. An inverse probability weight was adopted to address selection bias, which
strengthened the robustness of this study.

3. Results

3.1. Trajectories of MDA

Six distinct MDA trajectories were identified during the 15-year period (Figure 1): Group 1
(persistently low and gradual decline, n = 1240, 18.83%) referred to those who had lower-than-average
MDA profiles during all the waves; Group 2 (rapidly increasing and stabilized, n = 1389, 21.09%)
represented individuals with a moderate MDA at initial presentation but which increased acutely
until 2009 and was stabilized thereafter; Group 3 (persistently moderate, n = 1682, 25.54%) had a
moderate and steady MDA throughout the entire survey; Group 4 (slight increase, steady, and acutely
descending, n = 1238, 18.80%) represented individuals with a moderate MDA at the start which
increased to 2000, was steady before 2004, and then decreased rapidly. Group 5 (slight decline and
acute elevation, n = 715, 10.86%) started with a moderate MDA, experienced a slight decrease until
2000, a gradual increase from 2000 to 2004, and then a rapid increase. Group 6 (persistently high,
n =322, 4.89%) was characterized by a high MDA at the initial presentation and gradual increase.

MDA
2 2.5
|

15

T T | | T T
1997 2000 2004 2006 2009 2011
Time

---8--Group 1(N=1240,18.83%)— — & - Group 2(N=1389,21.09%)— c—Group 3(N=1682,25.54%)
“““ @+ Group 4(N=1238,18.80%)--- Group 5(N=715,10.86%) —&—— Group 6(N=322,4.89%)

Figure 1. MDA trajectory groups showing differences across waves (6 groups).

Sensitivity analyses to estimate the relationship between five or seven trajectory groups showed
similar trends. Detailed information is shown in Figures S2 and S3.
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3.2. Participants” Characteristics by Trajectory Groups

The participants in the six MDA trajectory groups had distinct clinical profiles as shown in
Table 1. Significant differences in sex, age, smoking, and exercise among the six groups were observed.
The proportion of men was largest in Group 6 (58.75%). Participants in Group 6 were also the
youngest (mean age, 20.50 years), while participants in Groups 1 and 3 were relatively older (mean
age, 38.13 and 38.42 years, respectively). In Group 2, participants were relatively younger (mean age:
25.00 £ 20.86 years). In Group 3, 59.93% of participants had accomplished the Chinese-recommended
amount of exercise (10 MET /h per person per week).

Table 1. Participants’ characteristics by trajectory groups at the baseline.

Group Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 chi?/F p Value ?
1240 1389 1682 1238 o o
n (18.83%) (21.09%) (25.54%) (880%)  /15(1086%) 322 (4.89%)
Gender (%) 30.8 <0.001
Female 48.79% 43.52% 52.51% 45.67% 48.55% 41.25%
Male 51.21% 56.48% 47.49% 54.33% 51.45% 58.75%
Age? 38.13 £13.92 25.00 £20.86 38.42+17.27 345441582 26.21+1020 20.50 + 8.45 460.97 <0.001
Smoking status (%) 227.14 <0.001
Noncurrent smokers 71.31% 81.97% 73.40% 71.82% 90.77% 84.69%
Current smokers 28.69% 18.03% 26.60% 28.18% 9.23% 15.31%
Exercise 665.33 <0.001
Had not achieved 10
MET /h per person 51.22% 68.03% 40.07% 46.52% 80.38% 74.37%
per week
Had achieved 10
MET /h per person 48.78% 31.97% 59.93% 53.48% 19.62% 25.63%
per week

Note: @ Values are expressed as mean + standard deviation. P Significant differences were found in gender,
age, smoking status, and exercise (p < 0.001); X2 tests for dichotomous variables and one-way ANOVA test for
continuous variables.

3.3. Trajectories of MDA and BP Change

To further estimate the BP distributions among the six trajectories, a random effects model was
adopted to describe the BP change among the six groups (see Table 2). After adjusting for confounding
factors (sex, age, smoking, and exercise), the MDA trajectory in Group 2 was significantly associated
with a larger reduction in SBP and DBP values (Coef. = —13.40 and 7.57, respectively, p < 0.001).
The MDAs in Group 6 (Coef. = —8.44, p < 0.001) and Group 5 (Coef. = —7.75, p < 0.001) were inversely
associated with SBP values. In addition, significantly negative associations between MDA and DBP
values were observed in Group 5 (Coef. = —4.50, p < 0.001) and Group 6 (Coef. = —3.64, p < 0.001).
While the SBP and DBP were negatively associated with MDA in Groups 3 and 4, the difference
was not significantly significant (p > 0.5). Individuals in Groups 1, 3, and 4 shared more similarities,
including relatively older ages, higher prevalence of current smoking, and a higher proportion having
achieved the recommended amount of exercise.

Table 2. SBP and DBP values according to 6 trajectories of MDA.

SBP DBP
Coef. p Value 95% CI Coef. p Value 95% CI
Low Adherence 0.00 0.00
(reference group)
Group 2 —13.40 <0.001 —14.51 -12.29 -7.57 <0.001 —8.26 —6.89
Group 3 -0.12 0.803 —1.04 0.80 —0.03 0.908 —0.59 0.53
Group 4 —0.65 0.328 —-1.97 0.66 0.11 0.782 —0.68 091
Group 5 —7.75 <0.001 —8.90 —6.59 —4.50 <0.001 —5.20 -3.79
Group 6 —8.44 <0.001 —-11.15 —5.72 —3.64 <0.001 —5.33 —1.95

Coef., regression coefficient; CI, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; MDA,
Mediterranean diet adherence. All regression models have been adjusted for gender, age, smoking, and exercise.
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Sensitivity analyses of the estimated relationship between five- or seven-trajectory groups for
MDA and BP values showed similar patterns. The distributions of these trajectory groups and their
corresponding BP values are shown in Tables S2 and S3.

3.4. MDA and the Risk of Hypertension

The Cox proportional hazards models showed that a variation in MDA was significantly
associated with a lower risk of incident hypertension (Table 3). During the follow-up period, 1109
participants were identified as having hypertension. Treating Group 1 as the reference, the age- and
sex-adjusted hazard ratios (HRs) were 0.29 for Group 2 and 0.96 for Group 3. After adjusting for age,
sex, smoking, and exercise, the effect sizes of MDA were slightly increased in Groups 2, 5, and 6.
The multivariate-adjusted model suggested that the risk of developing hypertension was lowest in
Groups 6 (HR = 0.17, 95% CI: 0.09-0.32) and 2 (HR = 0.32, 95% CI: 0.23-0.42), followed by Group 5 (HR
=0.75,95% CI: 0.63-0.91). Group 3 showed the highest risk of developing hypertension (HR = 0.96,
95% CI: 0.84-1.08).

Table 3. Hazard ratios for hypertension according to MDA and changes in MDA.

Age- and Gender-Adjusted ? Multivariate-Adjusted P
HR 95% CI HR 95% CI
Group 1 (reference group) 1.00 1.00
Group 2 0.29 0.22 0.39 0.32 0.23 0.42
Group 3 0.96 0.85 1.09 0.96 0.84 1.08
Group 4 0.92 0.77 1.10 0.92 0.77 1.10
Group 5 0.73 0.61 0.88 0.75 0.63 0.91
Group 6 0.15 0.08 0.29 0.17 0.09 0.32

Note: CI, confidence interval; HR, hazard ratio; MDA, Mediterranean diet adherence * Adjusted for gender and
age; b Adjusted for gender, age, smoking, and exercise.

Sensitivity analysis was also conducted to estimate the influence of the excluded samples
(n = 2603) on the results (Table S4).

4. Discussion

To the best of our knowledge, this was the first study to report the Chinese dietary pattern and
six distinct trajectories of MDA in a large cohort of the Chinese population followed for 15 years.
BP was relatively lower in groups with initially high or increasingly higher MDA levels. Moreover,
a life course approach indicated that these levels were significantly associated with a lower risk of
developing hypertension after adjusting for other covariates.

The distributions of Chinese MDA were classified into six trajectory groups. Different MDA
trajectories increased linearly with time. Figure 1 shows that people with consistently moderate
adherence to the MD accounted for a large proportion of the included participants (n = 1682). Increasing
trends in MDA were observed in 2426 individuals compared to 2478 individuals with a declining
MDA. Over the past 20 years, the dietary patterns in China have transitioned from a traditional diet
including high intakes of rice, vegetables, poultry, pork, and fish to a modern diet consisting of high
intakes of wheat, processed meat, and fast foods [22,23]. Table 1 shows that people of younger age
were less likely to smoke, consistent with evidence from the 2015 China Adult Tobacco Survey, whereas
people of higher age may have more leisure time and are more likely to achieve the recommended
10 MET /h per person per week.

Many studies have reported the association between MD and a lower BP [8,24,25]. A high
MD score was significantly associated with lower SBP variation [26]. A large-scale Spanish cohort
study reported that MDA was inversely associated with SBP and DBP. Among participants without
hypertension, adopting the MD could reduce SBP and DBP by 3.5 and 2.1 mmHg, respectively [21].
A recent meta-analysis that pooled six trials reported that encouraging people to adopt the MD
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pattern for at least 1 year could reduce SBP and DBP levels in individuals with normal BP or mild
hypertension [27]. The PREDIMED study was a nutritional intervention trial with a randomized
parallel design, the detailed information of which has been reported elsewhere [28]. Studies have
reported decreased SBP and DBP in MD groups [6,8]. A 1-year randomized clinical trial showed
that 1 year after adopting a supplemented MD, the MD with olive oil group had mean SBP and DBP
reductions of 2.3 and 1.2 mmHg, respectively; in the MD with nuts group, the changes were 2.6 and
1.2 mmHg, respectively [29]. Another large randomized controlled trial indicated that the traditional
MD could exert beneficial effects on BP control, but in groups promoting the MD with extra virgin
olive oil or nuts, the DBP values were relatively lower [6]. A cross-sectional study of sex differences
in the adherence to the French Nutrition and Health Program policies reported that adherence to the
nutritional recommendations was inversely associated with BP levels in women, but no relationship
between dietary scores and BP level in men was observed [30].

In the present study, the BP levels were lower in trajectory groups with increasingly higher
or initially higher MDA scores. A large-scale prospective investigation in Greece found that
a greater adherence to the traditional MD was associated with a significant reduction in total
mortality [11]. The Dietary Approaches to Stop Hypertension (DASH) trial was another important
multicenter, randomized feeding study that tested the combined effects of dietary patterns rather
than single nutrients on BP. The DASH-style diet, which shared many constituents with those of
Mediterranean-type diets, was a combination diet based on high intakes of fruit and vegetables and
low intakes of fat and sodium. Some studies based on the DASH trial found a beneficial effect of the
DASH-style diet on BP reduction [31,32]. In our study, trajectory groups with initially or increasingly
higher MDA levels could be an independent predictor of uncontrolled BP and may help to identify
patients at high risk of future hypertension events.

Relationships between MD adherence and a reduced incidence of other chronic diseases have
recently been reported [33]. The results of Cox regression in the present study showed that a higher
MDA could confer a reduced risk of hypertension, consistent with other findings [11,12]. A reduction
in BP served as an underlying mechanism between the MDA and the incidence of cardiovascular
disease [8,34]. In our study, groups with initially high or increasingly higher MDA levels tended to
have a reduced BP; in addition, these groups tended to have a lower risk of developing hypertension.
However, a Spanish cohort study did not find evidence of a negative association between MDA and
incident hypertension. The difference in food habits between groups was not clear and may produce
between-subject homogeneity in exposure and further bias the results [21].

To the best of our knowledge, this was the first study to classify MDA in a Chinese population into
six trajectory groups and explore the relevance between MDA trajectories and changes in BP. Many
previous studies used baseline dietary habits as the relevant exposure, ignoring the dynamic changes in
diet during follow-up. This lack may conceal the effect of changing dietary patterns. The present study
adopted a group-based trajectory model to classify the MDA patterns into groups sharing common
dietary characteristics. Second, a sensitivity analysis was conducted to classify MDA trajectories into
five or seven groups to compare the differences among six groups. In addition, we compared the
differences in BP changes in the five or seven group classifications of trajectories, which could increase
the robustness of our study.

One limitation of our study was that the accurate time of developing hypertension could not be
collected from the dataset because participants reported only whether they had hypertension during
their interview. We defined the time of developing hypertension as the time when participants reported
having had hypertension. Therefore, the results may be biased because of inaccurately reported time.
Another limitation was that the reverse effect of BP on diet cannot be excluded. In other words, it is
possible that people may begin to change their diet after noticing an increasing BP. Finally, other health
determinants were not included in this study, which may bias our results.

These findings have implications for intervention and prevention of high BP among individuals
who were not diagnosed with hypertension. From a public health perspective, there is an urgent need
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for approaches to advocating the adoption of Mediterranean-style diets to tackle uncontrolled BP and
hypertension issues. For example, Mediterranean-style diets, one of the main approaches of the DASH
diet program, has a protective effect against cardiovascular events [12]. In China, health promotion
departments should encourage the early adoption of Mediterranean-style diets to further prevent the
development of hypertension.

5. Conclusions

The MDA levels in the Chinese population during a 15-year period could be classified into six
trajectories. In trajectories with initially high or increasing MDA levels, the BP and risk of developing
hypertension were significantly lower. Promoting the adoption of a Mediterranean-style diet early
could be an effective way to prevent incident hypertension.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/10/12/2014/
s1, Figure S1: Flow chart of the China Health and Nutrition Survey analytic sample. Table S1:Estimation process
for the trajectory groups of MDA. Figure 52: MDA showing differences across waves (5 groups). Figure S3: MDA
showing differences across waves (7 groups).Table S2: SBP and DBP values according to 5 trajectories of MDA.
Table S3: SBP and DBP values according to 7 trajectories of MDA. Table S4: Hazard Ratios for Hypertension
According to MDA and changes in MDA.
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