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Abstract
Background  Plant-based diets have been found to be associated with hypertension. Dietary intake is a dynamic 
and changing process that can be better characterized by trajectories of dietary indices. However, the associations 
between plant-based diet trajectories and hypertension over time remained unknown.

Methods  We used data from the China Health and Nutrition Survey 2004–2015 to analyze a cohort of Chinese 
adults ≥ 18 years of age who had no hypertension at baseline. Plant-based diets were measured by an overall plant-
based diet index (PDI), healthful plant-based diet index (hPDI), and unhealthful plant-based diet index (uPDI) based on 
three 24-hour recalls. Trajectories of PDI, hPDI, and uPDI (2004 to 2011) were identified using group-based trajectory 
modeling. The associations between trajectories of PDIs and the risk of new-onset hypertension were estimated using 
Cox proportional hazard models.

Results  We identified three trajectories for PDI, two for hPDI, and four for uPDI among the 2853 participants with a 
mean follow-up of 9.6 years. Compared with the PDI “low and stable” class, the PDI “high and decreasing” class had 
a 23% decreased risk (HR: 0.77; 95% CI: 0.62–0.95) of hypertension. There was no significant association with PDI 
“low and increasing” class. Compared with the hPDI “low and stable” class, the hPDI “high and stable” class had a 24% 
decreased risk (HR: 0.76; 95%CI: 0.64–0.91). For uPDI trajectories, compared with the “low and decreasing” class, the 
“high and increasing,” “high and stable,” and “low and increasing” classes had increased risks of 43% (HR: 1.43; 95% CI: 
1.06–1.94), 77% (HR: 1.77; 95% CI: 1.26–2.49), and 72% (HR: 1.72; 95% CI: 1.26–2.33), respectively.

Conclusions  This study underscores the importance of maintaining high intakes of healthful plant-based diets and 
low intakes of unhealthful plant-based diets overtime for hypertension prevention.
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Background
Hypertension is a higher-than-normal blood pressure 
that elevates the risk for cardiovascular diseases (CVD), 
which was the leading cause of mortality and accounted 
for roughly 70% of total deaths among the Chinese pop-
ulation [1]. While the accessibility of treatment for high 
blood pressure has increased over the past decades in 
China, the high prevalence of hypertension remains 
uncontrolled [2]. Although a growing body of literature 
has identified numerous risk factors for hypertension in 
this population [3, 4], there is a scarcity of longitudinal 
studies that explore modifiable risk factors, particularly 
those related to changes in dietary patterns.

Existing evidence implies that adherence to healthy 
diets, such as the Mediterranean diet (MD) and the 
Dietary Approaches to Stop Hypertension (DASH) diet, 
is related to reduced blood pressure and a lower risk of 
hypertension [5–7]. However, conflicting findings regard-
ing the impact of these diets on hypertension exist, likely 
due to the differing food compositions and food cultures 
[7]. Diverging from the aforementioned diets, plant-
based diets, which emphasize a higher intake of plant-
based foods and a lower intake of all animal foods, are 
garnering more attention due to their benefits for both 
human health and the environment [8]. The variations 
in the quality of plant-based diets are captured by three 
versions of plant-based diet indices (PDIs): the overall 
plant-based diet index (PDI), the healthful plant-based 
diet index (hPDI), and the unhealthful plant-based diet 
index (uPDI) [9]. Research indicates that a higher hPDI 
or PDI is associated with a lower risk of CVD and all-
cause mortality [10, 11]. Diets higher in healthful plant-
based foods and lower in animal foods may also help 
prevent hypertension, as suggested by several longitudi-
nal cohort studies investigating the relationships between 
different PDIs and hypertension [12–14]. Nevertheless, 
the results from these studies have not been consistent. 
For example, a previous study conducted in China sup-
ported the positive relationship between high adherence 
to PDI and hypertension incidence [12], which contra-
dicts the findings in a South Korean population showing 
no association between PDI and hypertension [13]. One 
possible reason for these discrepancies is that these stud-
ies relied on either a single measurement of plant-based 
dietary intakes at baseline or a cumulative average of 
dietary intakes at different time points, potentially over-
looking the influence of longitudinal and dynamic pat-
terns, referred to as “trajectories”, of dietary intakes on 
hypertension outcomes.

The robustness of implementing trajectory methods 
has been well-documented in the field of nutritional 
epidemiology, as longitudinal measurements of dietary 
exposure can reflect the developmental patterns and 
their associations with cardiovascular and metabolic 

health outcomes, thereby offering reliable intervention 
strategies [15–18]. For instance, a longitudinal study 
using trajectory method to capture nuanced changes in 
the diet quality trends over a ten-year period in Australia 
found that the “always healthy” trajectory was associated 
with lower risk of hypertension [17]. However, to the best 
of our knowledge, little is known about the trajectories of 
adherence to plant-based diets or PDIs and their links to 
hypertension risk, especially among Chinese adults. Since 
hypertension is one of the most modifiable risk factors 
for CVD and CVD mortality, developing more targeted 
interventions for managing blood pressure is crucial. 
Therefore, our study aimed to capture the complex and 
time-varying nature of plant-based dietary consumption 
over time by identifying trajectories of PDIs and examine 
their associations with the risk of hypertension.

Methods
Data source and study design
In this retrospective cohort study, we used data from the 
China Health and Nutrition Survey (CHNS), which is an 
ongoing open cohort project launched in 1989 and con-
ducted in 1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011, 
and 2015 [19]. The survey utilized a multistage, random 
cluster approach to collect sample from 12 different 
provinces and autonomous cities, representing nearly 
half of the Chinese population [4]. It aims to gather 
demographic, socioeconomic, health, and nutrition 
information to reflect the transitions of various aspects of 
life among the general Chinese population [12]. Further 
details of the CHNS were described elsewhere [20]. The 
Carolina Population Center at the University of North 
Carolina at Chapel Hill and the National Institute for 
Nutrition and Health at the Chinese Center for Disease 
Control and Prevention approved the study [12]. A writ-
ten informed consent was obtained from all participants 
[12].

Given that the latest hypertension data are available 
only until 2015, and the enhanced version of the China 
Food Composition Table (FCT) was initially employed 
in 2004 to obtain nutrient values [21], we used all five 
rounds of CHNS data between 2004 and 2015 (2004, 
2006, 2009, 2011, and 2015). Since the latest available 
dietary data available was up to 2011, we included four 
rounds of CHNS data (2004, 2006, 2009, and 2011) in 
the trajectory analysis. A total of 8589 participants with 
at least three rounds of complete dietary data between 
2004 and 2011 were included (Supplemental Fig. 1). We 
excluded 1057 participants aged under 18 years and 3297 
who had hypertension during the trajectory period. Of 
the 4235 remaining participants, we further excluded 
pregnant women, those with diabetes, myocardial infarc-
tion, stroke, and extreme total energy intake (≥ 8000 
and ≤ 800  kcal/day for men; ≥ 6000 and ≤ 600  kcal/day 
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for women) [4]. Additionally, we excluded 1162 partici-
pants with missing data on marital status, income, energy 
intake, smoking, drinking, and body mass index (BMI) 
(Supplemental Fig. 1).

Dietary assessment and calculation of the PDIs
The CHNS utilizes a consecutive 3-day 24-hour diet 
recall method combined with household weighing 
method to collect dietary data and assess individual diet. 
The accuracy of the 24-hour dietary recall method has 
been validated by the literature [22]. A detailed descrip-
tion of dietary assessment has been provided elsewhere 
[23]. In short, at each survey round, each participant was 
asked by qualified interviewers to report the amounts 
and types of foods consumed on the day before the sur-
vey for three consecutive days, which were randomly 
allocated from Monday to Sunday [4]. We calculated the 
three-day average intake (g/day) of foods and nutrients 
for each participant in each survey round (2004, 2006, 
2009, and 2011) using the FCT [21]. Since hypertension 
is believed to be associated with certain nutrient intakes 
[24–27], we calculated the intakes of sodium, potassium, 
magnesium, calcium, fiber, saturated fats, unsaturated 
fats, folic acid, vitamin B6, and vitamin B12 during the 
trajectory period. The methods of calculating PDI, hPDI, 
and uPDI have been documented previously [9]. Briefly, 
by referring to the food codes and descriptions in the 
FCT [21], as well as food group classification from prior 
research [12], we created 17 food groups according to 
their nutrient and culinary characteristics. These food 
groups were further classified into three larger catego-
ries: healthy plant foods (whole grains, fruits, vegetables, 
nuts, legumes, tea and coffee, vegetable oil), unhealthy 
plant foods (refined grains, potatoes, sugar-sweetened 
beverages, sweets and deserts, fermented foods), and ani-
mal foods (animal fat, dairy, eggs, fish, meat). The 17 food 
groups in our study aligned with previous research that 
considered the unique characteristics of Chinese plant-
based diets [12]. Specifically, we modified Satija et al.’s 
original 18 food groups [9] by removing “miscellaneous 
animal-based foods” and “fruit juices” due to virtually no 
reported consumption, and adding “fermented food” to 
the list. Following the basic scoring methods described 
in previous studies [9–12], we divided each food group 
into quintiles of intakes and assigned integer scores rang-
ing from 1 to 5. For PDI, all plant foods were scored posi-
tively, with the lowest quintile receiving a score of 1 and 
the highest quintile receiving a score of 5. Conversely, 
all animal foods received reverse scores, with the high-
est quintile receiving a score of 1 and the lowest quintile 
receiving a score of 5. Thus, a higher PDI score indicates a 
diet higher in plant foods and lower in animal foods. For 
hPDI, all healthy plant foods were scored positively, while 
all unhealthy plant foods and animal foods were scored 

reversely, meaning that a higher hPDI score indicates a 
diet higher in healthy plant foods and lower in unhealthy 
plant foods or animal foods. For uPDI, all unhealthy plant 
foods were scored positively, while all healthy plant foods 
and animal foods were scored reversely, so a higher uPDI 
score indicates a diet higher in unhealthy plant foods and 
lower in healthy plant or animal foods. The total score for 
each index was the sum of the scores across all 17 food 
groups, with potential values ranging from 17 to 85 [12].

Baseline covariates
In line with the literature [2], the following confound-
ers were included in the analysis due to their established 
association with hypertension: age, sex, urban or rural 
residence, marital status (married and others), educa-
tion level (primary school and below, middle school, 
high school, college degree and above), income, physical 
activity (PA), drinking, smoking, daily energy intake, and 
body weight status. The information on these sociode-
mographic factors and lifestyle factors was obtained from 
the questionnaires at baseline. Individual income was cat-
egorized into three levels: ≤ 16,000 Chinese yuan (CNY), 
> 16,000 and < 32,000 CNY, and ≥ 32,000 CNY based 
on annual income [28]. The total metabolic equivalents 
of tasks (METs) of PA were calculated according to the 
reported hours per week of activity across four domains: 
occupational, transportation, leisure, and domestic [29]. 
Smoking status was classified into three categories: for-
mer smoker, current smoker, and non-smoker. Drinking 
status was divided into two categories: participants who 
drank beer/liquor in the year before and those who did 
not. Anthropometric parameters, such as participants’ 
height and weight, were measured using standard pro-
cedures without wearing shoes or heavy clothing [4]. 
Body Mass Index (BMI) (kg/m2) was calculated by divid-
ing weight in kilograms by the square of height in meters 
[4]. Body weight status was categorized based on cut-
off points recommended by the literature: underweight 
(BMI ≤ 18.5  kg/m2), normal (BMI > 18.5 and < 24  kg/
m2), overweight (BMI ≥ 24 and < 28  kg/m2), and obese 
(BMI ≥ 28 kg/m2) [30, 31].

Outcome assessment
The primary outcome of the study was new-onset hyper-
tension. Participants’ sedentary blood pressures were 
measured by qualified investigators using a mercury 
sphygmomanometer three consecutive times at each 
round. The mean of the three independent measurements 
of diastolic blood pressure (DBP) and systolic blood pres-
sure (SBP) on the same arm was calculated respectively 
[4]. Participants were considered having hypertension if 
they met at least one of the following conditions: a mean 
DBP ≥ 90 mmHg and/or a mean SBP ≥ 140 mmHg, a self-
reported diagnosis of hypertension, or a prescription for 
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anti-hypertension drugs [4]. For those identified with 
new-onset hypertension, follow-up time was calculated 
from the entry year until the year of first diagnosis of 
hypertension. For those free of hypertension, follow-up 
time was calculated from the entry year to the year before 
loss to follow-up or the study end year in 2015.

Statistical analysis
We used a group-based trajectory model (GBTM) to 
construct trajectories of PDIs. This model allowed us to 
capture longitudinal growth curves of unknown shape 
within each class of participants sharing similar traits of 
interest and following a similar developmental trajectory 
[32]. To determine the appropriate shape of trajectories, 
we evaluated both linear and quadratic growth param-
eters. To choose the optimal number of classes for each 
trajectory, we mainly used the following model fit indices 
as suggested by the literature [33]: the adjusted Bayes-
ian Information Criterion (aBIC), the Lo-Mendell-Rubin 
Likelihood Ratio Test (LMR-LRT), and the average pos-
terior probability (APP). A lower absolute value of aBIC 
indicates a better fit. The LMR-LRT was used to compare 
the goodness-of-fit between the model with k classes and 
the model with k + 1 classes. A P-value < 0.05 suggests 
that the model with k classes has a better goodness of fit 
[33]. Additionally, an APP ≥ 0.7 indicates a more accu-
rate classification. Furthermore, to ensure the robustness 
of our models, any model with a trajectory class consti-
tuting < 5% of the total sample size was excluded [34]. 
Details of the model selection criteria are shown in Sup-
plemental Table 1.

We summarized baseline characteristics and aver-
age nutrient intakes according to trajectory classes of 
PDI, hPDI, and uPDI. Between-group comparisons were 
examined using chi-square tests for categorical variables 
and either Student’s t-tests or analysis of variance for 
continuous variables, as appropriate.

We used Cox proportional hazards models to esti-
mate HRs and 95% CIs for new-onset hypertension in 
relation to the trajectory classes of PDIs. The propor-
tional hazards assumption of the covariates was tested 
using Schoenfeld residuals. The test results show that 
the model satisfies the proportional hazards assump-
tion (P = 0.06). We adjusted the potential covariates in 
three different models: Model 1 adjusted for age and sex; 
Model 2 further adjusted marital status, urban residence, 
education, and income; Model 3 added adjustments for 
smoking, drinking, BMI, MET, and daily energy intake.

In addition, we conducted stratified analyses to explore 
the possible effect modifications of other major risk fac-
tors for hypertension. These included sex, baseline age 
(< 45 vs. ≥ 45 years), urban residence (urban vs. rural), 
marital status (married vs. unmarried), smoking status 
(non-smokers vs. smokers), drinking status (non-drinkers 

vs. drinkers), body weight status (non-overweight 
[< 24  kg/m2] vs. overweight [≥ 24  kg/m2]), and physical 
activity (MET < 25 h/wk [median] vs. MET ≥ 25 h/wk). P 
values for interactions were obtained from the product 
term of the trajectory classes of PDIs and binary variable, 
which was added as an independent variable to the mul-
tivariable models.

Sensitivity analyses were conducted to examine the 
robustness of our results. We employed the multiple 
imputation of chained equations method to impute miss-
ing values for the covariates, with the number of impu-
tations set to 20. We also used Cox proportional hazard 
analysis to examine the association between PDIs at base-
line and the risk of hypertension. We repeated analyses 
to include participants with baseline history of chronic 
diseases, such as diabetes, myocardial infarction, stroke, 
and cancer. Furthermore, for participants with new-onset 
hypertension, follow-up time was recalculated using the 
midpoint date between the survey of the first hyperten-
sion diagnosis and the nearest preceding survey [4, 35].

All statistical analyses were conducted using the Mplus 
version 8.3 and R version 4.0.3. A two-sided p < 0.05 was 
determined as statistical significance.

Results
After applying a series of exclusion criteria (see Supple-
mental Fig.  1), a total of 2853 participants who had at 
least three rounds of complete dietary data were included 
in the cohort. In an average 9.6 ± 1.9 years of follow-up, 
we documented 624 new-onset hypertension. The GBTM 
models with three PDI trajectories, two hPDI trajecto-
ries, and four uPDI trajectories were identified as the best 
fit (Supplemental Table 1). According the shape and pat-
terns of each trajectory, the three PDI trajectories were 
named as “low and increasing” (n = 859, 30.1%), “high 
and decreasing” (n = 556, 19.5%), and “low and stable” 
(n = 1438, 50.4%), respectively. The two hPDI trajectory 
classes were named as “high and stable” (n = 1176, 41.2%) 
and “low and stable” (n = 1677, 58.8%), respectively. The 
four uPDI trajectories were named as “low and decreas-
ing” (n = 347, 12.2%), “high and decreasing” (n = 1231, 
43.1%), “high and stable” (n = 342, 12.0%), and “low and 
increasing” (n = 933, 32.7%), respectively (Fig. 1).

PDI trajectory summaries
Compared to participants in the “low and stable” class, 
participants in the “high and decreasing” class were less 
likely to be urban residents; they were less likely to have 
college degree or higher education and a high income 
(≥ 32000 CNY/yr), and had higher MET and daily energy 
intake (Table 1). The “high and decreasing” class also had 
higher intakes of potassium, magnesium, calcium, fiber, 
unsaturated fats, folic acid, vitamin B6, and vitamin B12, 
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Fig. 1  Mean and 95% confidence interval of (a) plant-based diet index, (b) healthy plant-based diet index, and (c) unhealthy plant-based diet index by 
trajectory classes in the China Health and Nutrition Study 2004–2015 cohort study
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and lower intakes of sodium and saturated fats compared 
to the “low and stable” class (Supplemental Table 2).

We documented 168 (20.4%), 124 (22.3%), and 332 
(24.3%) incidents of new-onset hypertension over aver-
age follow-up periods of 9.6 ± 2.0 years, 10.0 ± 1.7 years, 
and 9.5 ± 2.0 years for participants in the “low and 
increasing”, “high and decreasing”, and “low and stable” 
trajectories, respectively. The HRs (95% CI) of the asso-
ciation between PDI trajectories and hypertension risk 
are showed in Table 2. After adjusting for socioeconomic 
variables (urban/rural residence, education, income, and 
marital status), Model 2 shows that compared to those in 
the “low and stable” class, those in the “high and decreas-
ing” class had a 20% decreased risk of hypertension (HR, 
0.80; 95% CI, 0.65–0.99; P = 0.04). After further adjusting 
for lifestyle variables (smoking, drinking, BMI, MET, and 
energy intake), Model 3 shows that compared to those in 
the “low and stable” class, those in the “high and decreas-
ing” class had a 23% decreased risk of hypertension (HR, 
0.77; 95% CI, 0.62– 0.95; P = 0.01) (Table 2).

hPDI trajectory summaries
Compared to participants in the “low and stable” class, 
those in the “high and stable” class were older and less 
likely to be urban residents; they were less likely to have 
college degree or higher education, a high income, and 
obesity; but had higher MET and daily energy intake 
(Supplemental Table 3). The “high and stable” class also 
had higher intakes of magnesium, fiber, unsaturated fats, 
folic acid, vitamin B6, and vitamin B12, and lower intakes 
of sodium and saturated fats compared to the “low and 
stable” class (Supplemental Table 4).

We documented 417 (25.7%) and 207 (18.4%) incidents 
of new-onset hypertension over average follow-up peri-
ods of 9.7 ± 1.9 years and 9.6 ± 2.0 years for participants 
in the “low and stable” and “high and stable” classes, 
respectively. All three models of Cox proportional haz-
ard analysis show consistent and significant associations 
of hPDI trajectory classes with hypertension (Table  2). 
After adjusting for age and sex, model 2 shows that com-
pared to those in the “low and stable” class, those in the 
“high and stable” class had a 20% decreased risk of hyper-
tension (HR, 0.80; 95% CI, 0.67–0.96; P = 0.02). After 

Table 1  Baseline characteristics by different PDI trajectory classes in the China Health and Nutrition Study
Low and stable
n = 1438

Low and increasing
n = 859

High and decreasing
n = 556

P value

Men, n (%) 622 (43.3) 372 (43.3) 255 (45.9) 0.54
Age, mean (SD), yr 44.0 (11.4) 43.4 (12.1) 44.5 (10.9) 0.29
Urban residence, n (%) 395 (27.5) 334 (38.9) 99 (17.8) < 0.001
Married, n (%) 1302 (90.5) 778 (90.6) 518 (93.2) 0.15
Education, n (%)
  Primary school and below 622 (43.3) 245 (28.5) 302 (54.3) < 0.001
  Middle school 508 (35.3) 306 (35.6) 165 (29.7)
  High school 174 (12.1) 163 (19.0) 51 (9.2)
  College degree and above 134 (9.3) 145 (16.9) 38 (6.8)
Income, n (%),CNY/yr
  ≤ 16,000 1209 (84.1) 622 (72.4) 498 (89.6) < 0.001
  16,000 to 32,000 188 (13.1) 191 (22.2) 48 (8.6)
  ≥ 32,000 41 (2.9) 46 (5.4) 10 (1.8)
Smoking status, n (%)
  Non-smoker 980 (68.2) 621 (72.3) 375 (67.4) 0.11
  Former smoker 30 (2.1) 17 (2.0) 7 (1.3)
  Current smoker 428 (29.8) 221 (25.7) 174 (31.3)
Drinking, n (%) 460 (32.0) 273 (31.8) 180 (32.4) 0.97
Body weight status a, n (%)
  Underweight 109 (7.6) 67 (7.8) 26 (4.7) 0.29
  Normal 938 (65.2) 568 (66.1) 375 (67.4)
  Overweight 340 (23.6) 200 (23.3) 134 (24.1)
  Obese 51 (3.5) 24 (2.8) 21 (3.8)
MET, mean (SD), h/wk 36.5 (42.1) 27.2 (36.1) 35.2 (34.9) < 0.001
Energy, mean (SD), kcal/d 2269.0 (651.2) 2156.4 (610.3) 2472.0 (634.6) 0.002
Data are presented as number of participants (%) or mean ± SD. To compare the differences between categorical and continuous variables, Chi-square and ANOVA 
were conducted, respectively

Abbreviations: PDI, plant-based diet index; SD, standard deviation; CNY/yr, Chinese yuan per year; MET, metabolic equivalents of tasks
a Body weight status was categorized based on cutoff points recommended by the literature: underweight (Body Mass Index [BMI] ≤ 18.5 kg/m2), normal (BMI > 18.5 
and < 24 kg/m2), overweight (BMI ≥ 24 and < 28 kg/m2), and obese (BMI ≥ 28 kg/m2)
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adjusting for all the other covariates, model 3 shows that 
compared to those in the “low and stable” class, those 
in the “high and stable” class had a 24% decreased risk 
of hypertension (HR, 0.76; 95% CI, 0.64–0.91; P = 0.003) 
(Table 2).

uPDI trajectory summaries
Compared to participants in the “low and decreasing” 
class, those in the other classes were less likely to be 
urban residents and non-smokers; they had less daily 
energy intake. Additionally, those in the “high and stable” 
class were more likely to be married; they were more 
likely to have college degree or higher education and a 
high income (Supplemental Table 5). The “high and sta-
ble” class also had lower intakes of potassium, magne-
sium, calcium, fiber, unsaturated fats, folic acid, vitamin 
B6, and vitamin B12, and higher intakes of sodium and 
saturated fats compared to the “low and decreasing” class 
(Supplemental Table 6).

We documented 54 (15.3%), 1231 (22.2%), 342 (27.8%), 
and 933 (24.4%) incidents of new-onset hyperten-
sion over average follow-up periods of 10.2 ± 1.6 years, 
9.6 ± 1.9, 9.7 ± 1.9, and 9.4 ± 2.0 years for participants in 
the “low and decreasing,” “high and decreasing,” “high 
and stable,” and “low and increasing” trajectories, respec-
tively. All three models of Cox proportional hazard analy-
sis show consistent and significant associations of uPDI 
trajectory classes with hypertension (Table  2). After 
adjusting for socioeconomic variables (urban/rural resi-
dence, education, income, and marital status) and life-
style variables (smoking, drinking, BMI, MET, and energy 
intake), model 3 shows that compared to those in the “low 
and decreasing” class, those in the “high and decreas-
ing,” “high and stable,” and “low and increasing” classes 

had increased risks of 43% (HR, 1.43; 95% CI, 1.06–1.94; 
P = 0.02), 77% (HR, 1.77; 95% CI, 1.26, 2.49; P < 0.001), 
and 72% (HR, 1.72; 95% CI 1.26, 2.33; P < 0.001), respecfi-
tively (Table 2).

Stratified analyses and sensitivity analyses
The associations of PDI trajectory classes with the risk of 
hypertension remained consistent across all subgroups 
(Fig. 2).

The associations of hPDI trajectory classes with the risk 
of hypertension remained consistent across all subgroups 
except for sex, where the negative associations were more 
pronounced among women (Supplemental Fig.  2). The 
associations of uPDI trajectory classes with the risk of 
hypertension remained consistent across all subgroups 
(Supplemental Fig. 3).

The sensitivity analyses confirmed the robustness of 
our findings. Results remained consistent with the pri-
mary analyses after applying multiple imputations (Sup-
plemental Table 7). The baseline measurements of PDI, 
hPDI, and uPDI showed no significant associations with 
the risk of hypertension, suggesting that trajectory might 
be a stronger indicator of the relationship between PDIs 
and hypertension (Supplemental Table 8). Including 
participants with baseline chronic diseases also yielded 
significant and robust reresults (Supplemental Table 9). 
Additionally, recalculating the follow-up time for those 
with new-onset hypertension using the midpoint date 
between the survey of the first hypertension diagno-
sis and the nearest preceding survey produced similar 
results (Supplemental Table 10).

Table 2  Hazard ratios (95% CI) for risk of hypertension per trajectory class of PDI, hPDI, and uPDI in the China Health and Nutrition 
Study 2004–2015 cohort study

Participants, n Incidents rate a Model 1 Model 2 Model 3
HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value

PDI trajectories
Low and stable 1438 24.3 Reference NA Reference NA Reference NA
Low and increasing 859 20.4 0.86 (0.71, 1.03) 0.10 0.90 (0.75, 1.09) 0.27 0.92 (0.76, 1.12) 0.42
High and decreasing 556 22.3 0.84 (0.68, 1.03) 0.10 0.80 (0.65, 0.99) 0.04 0.77 (0.62, 0.95) 0.01
hPDI trajectories
Low and stable 1677 25.7 Reference NA Reference NA Reference NA
High and stable 1176 18.4 0.75 (0.64, 0.89) < 0.001 0.80 (0.67, 0.96) 0.02 0.76 (0.64, 0.91) 0.003
uPDI trajectories
Low and decreasing 347 15.3 Reference NA Reference NA Reference NA
High and decreasing 1231 22.2 1.54 (1.15, 2.06) 0.004 1.39 (1.03, 1.88) 0.03 1.43 (1.06, 1.94) 0.02
High and stable 342 27.8 1.77 (1.26, 2.48) < 0.001 1.70 (1.21, 2.38) 0.002 1.77 (1.26, 2.49) < 0.001
Low and increasing 933 24.4 1.75 (1.30, 2.36) < 0.001 1.61 (1.19, 2.18) 0.002 1.72 (1.26, 2.33) < 0.001
Results were obtained from cox regressions models; Model 1: adjusted for age and sex; Model 2: additionally adjusted for marital status, urban residence, education, 
and income; Model 3, further adjusted for smoking, drinking, BMI, MET, and daily energy intake

Abbreviations: PDI, plant-based diet index; hPDI, healthful plant-based diet index; uPDI, unhealthful plant-based diet index; HR, hazard ratios; CI, confidence interval
a Incident rate is reported as per 1000 person years
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Discussion
In this retrospective cohort study of 2853 Chinese adults, 
we identified three PDI trajectories, two hPDI trajecto-
ries, and four uPDI trajectories. These trajectories cap-
tured variations in plant-based dietary patterns over 
time, revealing that the dynamic changing patterns of 
plant-based dietary intakes can influence the risk of new-
onset hypertension over time.

We observed a lower risk of new-onset hyperten-
sion was particularly evident in the 19.5% of adults in 
the “high and decreasing” PDI trajectory and the 41.2% 
in the “high and stable” hPDI trajectory. Conversely, a 
higher risk was found in 43.2% of adults in the “high and 
decreasing,” 12.0% in the “high and stable,” and 32.7% 
in the “low and increasing” uPDI trajectories. Similarly, 
prior studies conducted in the US suggest that both PDI 
and hPDI are associated with reduced risk of CVD and 
CVD risk factors like hypertension [36, 37]. In line with 
our results, one cohort study in South Korea found a 
negative relationship between hPDI and risk of hyper-
tension and a positive relationship between uPDI and 
risk of hypertension [13]. Another cohort study in China 
showed that PDI was inversely associated with the risk of 
three components of metabolic syndrome (MeS): hyper-
tension, obesity, and diabetes [12]. Additionally, Kim et 

al.. revealed that uPDI was positively associated with 
most components of MeS, including hypertension [38]. 
Our findings enhance the literature by using a diverse 
cohort of participants free of hypertension during trajec-
tory period to distinguish between different longitudi-
nal patterns of plant-based diets and and to investigate 
new-onset hypertension incidents following the trajec-
tory period. We demonstrated how the accumulation 
and variation in the quality of different plant-based diets 
are important for a comprehensive understanding of the 
risk of developing new-onset hypertension. Specifically, 
our results suggest that individuals following a “high and 
stable” hPDI trajectory or a “low and decreasing” uPDI 
trajectory experienced a lower hypertension risk, indicat-
ing the potential benefit of consistently high consump-
tion of healthful plant-based foods and low consumption 
of unhealthy plant-based foods over time. Interestingly, 
our findings also demonstrate that compared to partici-
pants following a “low and stable” PDI trajectory, those 
following a “high and decreasing” trajectory experienced 
a lower risk of hypertension, whereas those following a 
“low and increasing” trajectory did not see a significant 
reduction in risk. One of the possible explanations is that 
by the end of trajectory period, the lowest average PDI 
score (approximately 45) of the “high and decreasing” 

Fig. 2  Stratified analyses by selected modifiers of the association between PDI trajectories and hypertension. Abbreviations: PDI, plant-based index; MET, 
metabolic equivalents of tasks; HR, hazard ratio; CI, confidence interval
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group was still higher the highest PDI score of the “low 
and stable” group. This result aligns with the previous 
cohort study of Chinese adults [12], which showed a sig-
nificant inverse linear association between the PDI score 
and hypertension risk –– a 50% reduced risk when the 
PDI score is above 40. Further study is needed to confirm 
these findings.

Our results for the associations between trajectories 
of PDIs and the risk of hypertension are biologically 
plausible when considering the nutrient profile of these 
dietary patterns. The “high and decreasing” PDI class has 
higher intake of minerals (potassium, calcium, magne-
sium), fiber, unsaturated fats, and B vitamins. Both the 
“high and decreasing” PDI class and the “high and stable” 
hPDI class had lower consumption of sodium and satu-
rated fats. In contrast, the “high and stable” uPDI class 
had higher consumption of sodium and saturated fat and 
lower intakes of fiber, minerals, unsaturated fats, and B 
vitamins. Evidence suggests that higher intake of sodium 
leads to renal sodium retention, which results in elevated 
blood pressure [39]. Potassium, on the other hand, lowers 
blood pressure through inducing endothelium-depen-
dent vasodilation [40] and reducing renal reabsorption of 
sodium to promote sodium excretion [25]. Furthermore, 
the intake of B vitamins—including folic acid, vitamin 
B6 and B12— has an inverse association with the risk of 
hypertension, likely due to their role in enhancing endo-
thelial function [26]. Additionally, diets high in unsatu-
rated fats and low in saturated fats have been shown 
to benefit blood pressure regulation [41], as chronic 
exposure to saturated fats could exacerbate endothe-
lial damage, predisposing an individual to hypertension 
[42]. Taken together, maintaining a high consumption 
of a healthy plant-based diet while limiting unhealthy 
plant-based diet is crucial for preventing the onset of 
hypertension.

Furthermore, our stratified analysis reveals that the 
negative association between hPDI trajectories and the 
risk of hypertension was stronger in women. Although a 
clear reason for this has not been established, some evi-
dence suggests that sex differences in hormonal regula-
tion of blood pressure may influence the diet-disease 
relationship [13, 43]. For example, the release of estrogen 
induces endothelium-dependent vascular relaxation and 
the production of nitric oxide, a biomarker that relaxes 
endothelium of blood vessels and further improves blood 
pressure regulation [43].

To the best of our knowledge, our study is the first to 
use trajectory analysis to offer insights into the temporal 
relationship between plant-based diets and hyperten-
sion risk among Chinese adults. The GBTM approach 
takes into account the continuous changes of distinc-
tive plant-based dietary patterns over time, setting our 
study apart from cross-sectional studies or other cohort 

studies based on a time-point exposure or a cumulative 
average of different time points, which may overlook 
the dynamic nature of changing diets and their impacts 
on heart health. The strengths of this study also lie in its 
relatively large and representative sample of the Chinese 
population and the careful control of multiple covari-
ates. Furthermore, the subgroup and sensitivity analyses 
confirmed the robustness of our findings, enhancing the 
reliability of the findings. Importantly, results from our 
sensitivity analyses showed that, in contrast to single 
time-point assessments alone, which did not reveal any 
significant associations, trajectories of PDIs were signifi-
cantly associated with hypertension risk.

Several limitations in this study should be considered. 
First, although we controlled for potential confound-
ers, it is important to note that, as with all observational 
research, establishing causal evidence remains challeng-
ing due to the difficulty in eliminating all unobserved 
confounding variables. Second, despite the repeated col-
lection of dietary data from an extensive dietary database, 
the 24-hour dietary recall method may not represent 
habitual dietary intakes of an individual. Additionally, the 
original CHNS dataset does not provide the exact date 
of new-onset hypertension, which makes it challenging 
to calculate the accurate follow-up time for partcipants. 
However, we addressed this issue through a sensitivity 
analysis by using the midpoint between the year of first 
diagnosis of hypertension and the nearest preceding year, 
which yielded similar results to those obtained using the 
regular method. Lastly, because the primary goal of this 
study was to delineate potential healthy patterns of con-
suming a plant-based diet for hypertension prevention in 
a diverse population of Chinese adults, generalizing the 
results to another cultural setting would require appro-
priate adjustments of the PDI scoring methods to match 
specific dietary habits.

Conclusion
A reduced risk of new-onset hypertension was associ-
ated with maintaining high intakes of a healthful plant-
based diet and low intakes of an unhealthful plant-based 
diet over time. The trajectories of PDIs identified in this 
retrospective cohort study could serve as a useful indica-
tor, highlighting the long-term dynamic changes of plant-
based dietary patterns and emphasizing the need for 
developing targeted dietary interventions for hyperten-
sion prevention. Further investigations in other popula-
tions are needed to confirm these findings.
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