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High blood pressure (BP) is the top risk factor for many
non-communicable diseases (NCD), and almost one-fifth
of global deaths in 2019 were attributed to high BP.
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Abstract

Objective: We aimed to investigate the associations of Dietary Approaches to Stop
Hypertension (DASH)-style diet and Mediterranean-style diet with blood pressure
(BP) in less-developed ethnic minority regions (LEMR).

Design: Cross-sectional study.

Setting: Dietary intakes were assessed by a validated FFQ. Dietary quality was
assessed by the DASH-style diet score and the alternative Mediterranean-style diet
(aMED) score. The association between dietary quality and BP was evaluated using
multivariate linear regression model. We further examined those associations in
subgroups of BP level.

Participants: A total of 81 433 adults from the China Multi-Ethnic Cohort (CMEC)
study were included in this study.

Results: In the overall population, compared with the lowest quintile, the highest
quintile of DASH-style diet score was negatively associated with systolic BP (SBP)
(coefficient—2-78, 95 % CI—3-15, —2-41; Pio; rena < 0-001), while the highest quintile
of aMED score had a weaker negative association with SBP (coefficient—1-43, 95 %
CI-1-81,-1-05; Pior yrena < 0-001). Both dietary indices also showed a weaker effect
on diastolic BP (coefficient for DASH-style diet —1-06, 95 % CI —1-30, —0-82; coef-
ficient for aMED —0-43, 95 % CI -0-68, —0-19). In the subgroup analysis, both dietary
indices showed a stronger beneficial effect on SBP in the hypertension group than
in either of the other subgroups.

Conclusion: Our results indicated that the healthy diet originating from Western
developed countries can also have beneficial effects on BP in LEMR. DASH-style
diet may be a more appropriate recommendation than aMED as part of a dietary
strategy to control BP, especially in hypertensive patients.
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There is no evidence for a sharp risk threshold, instead,
CVD mortality increases progressively over the range of
BP, from normotension to prehypertension and finally
hypertension®. Thus, NCD Countdown 2030 highlighted
policies and interventions to reduce BP in pursuit of a
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substantial (one-third) reduction in the prevalence of high
BP relative to 2015,

The number of adults with elevated BP has increased
more rapidly in low- and middle-income countries than
in high-income countries over the past decades, as well
as in populations of low socio-economic status and
racial/ethnic minorities~”. Although antihypertensive
medications seem to be the most important approach
to control BP and reduce cardiovascular events, the
unavailability and unaffordability of BP-lowering medi-
cine makes it arduous to optimally control BP in less-
developed regions®. Given the prominent role of diet
in BP homeostasis®”, dietary strategies are feasible and
acceptable measures to control BP and are recom-
mended by the American College of Cardiology/
American Heart Association in High Blood Pressure
Clinical Practice Guidelines; one such strategy is the
Dietary Approaches to Stop Hypertension (DASH)
diet®”. The Mediterranean diet (MED) has also been
demonstrated to benefit BP in populations from
Western developed countries'?. Previous studies
exploring the association between dietary quality
(DASH and MED) and BP were mainly conducted in
developed countries’*'¥. Valid evidence for the BP-
lowering effect of a medically beneficial diet is scarce
in racial/ethnic minority groups in less-developed
regions, whose dietary habits differ substantially@+'.
Furthermore, dietary factors could play diverse roles in
different BP levels to better inform dietary intervention
strategies. Dietary changes could not only lower BP
and potentially prevent hypertension in non-hyperten-
sive individuals but also serve as initial treatment before
the start of drug therapy in stage I hypertension, further
lowering BP and facilitating medication step-down
among hypertensive individuals already on drug
therapy®. Understanding the association between
dietary quality and BP in different levels of BP can help
facilitate the integration of guideline to recommend cer-
tain dietary modifications in three levels of prevention of
hypertension. However, few studies have investigated
the efficacy of diet on BP in subgroups of BP in less-
developed regions.

To address these gaps in knowledge, this study con-
ducted a cross-sectional analysis based on the China
Multi-Ethnic Cohort (CMEC), which is a large community
population-based cohort undertaken in less developed
Southwestern China®. This cohort has a heavy burden
of CVD and great diversity in socio-economic status,
habitual diet, cultural background, living environment,
etc. Therefore, the CMEC study provides a unique oppor-
tunity to explore the association between diet and BP in
less-developed ethnic minority regions (LEMR). We aimed
to (1) examine the association between adherence to
DASH-style diet and Mediterranean-style diet with BP
and (2) further explore the association between dietary

0.1017/51368980022000106 Published online by Cambridge University Press

3477

quality and BP in subgroups (normotension, prehyperten-
sion, and hypertension).

Materials and methods

Study population

This study is a subsample of the CMEC study, which is an
ongoing cohort study of 99 556 participants aged 18-79
years. The details of the study design, sampling strategy,
and baseline characteristics are described elsewhere™®.
The baseline survey included a tablet-based electronic
questionnaire administered in a face-to-face interview,
anthropometric measurements, a thorough medical exami-
nation, and blood and urine tests. All the measurements
were conducted according to standard operating proce-
dures by qualified health workers.

In the present study, we excluded participants under 30
or over 79 years of age (z 1003), those with missing infor-
mation on diet-related variables (72 343), those with missing
information on outcome-related data (7 4302), those with
implausible BMI values (BMI < 14 or > 45 kg/m?, n 172)
and those with unusual daily energy intakes (< 600 or
> 3500 kcal/d for females, <800 or> 4200 kcal/d for
males) (72 2284). We also excluded 10 019 participants with
self-reported physician-diagnosed hypertension and use of
antihypertensive medication at the baseline survey.
Participants who reported being hypertensive but not tak-
ing any antihypertensive drugs were included. The final
sample consisted of 81 433 participants. A flowchart of
the selection process for the study population is shown
in Supplemental Fig. 1s.

Assessment of dietary intakes

At the baseline survey, a validated quantitative FFQ was
used to assess dietary intake; the questionnaire was admin-
istered by trained staff using standard container (standard
bowl or cup, different types of foods have been pre-mea-
sured by the standard containers to give reference levels).
The FFQ included thirteen major food groups according to
the Chinese Dietary Guidelines and the eating habits of
Southwestern Chinese. For each food group, the partici-
pants were asked to report the quantity (average number
of grams per meal) and frequency (four frequency catego-
ries in units ranging from times per day to times per year) of
consumption during the past 12 months. Daily consump-
tion of each food group was calculated by multiplying
the daily consumption frequency by the average quantity
per meal. In the case of dairy products, a person reported
that he or she drunk milk two times per d and drank about
250 g every time; thus, his or her daily intake of dairy prod-
ucts is equal to two times multiplying by 250 g each time,
which is equivalent to 500 g per d. The salt intake was used
as a proxy for the Na intake, and the individual-level intake
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of salt was calculated according to the salt consumed at the
household level per month. The total daily energy intake
was estimated according to the China food exchange lists
and the 2018 China food composition tables (standard edi-
tion)"71®, Detailed information about our dietary assess-
ment tool has been reported previously™®.

Assessment of dietary quality

Given that the DASH diet recommendations and original
Mediterranean-style diet were developed based on the
Western style diet; those recommendations cannot be
directly used to assess the dietary quality in LEMR. In this
study, we used the DASH-style diet and alternative
Mediterranean-style diet to assess the dietary quality based
on the local food patterns in LEMR.

Considering that the consumption of non-fat and low-fat
dairy was extremely low in our study population, adher-
ence to a DASH-style diet was assessed with a modified
DASH score®?V in which non-fat and low-fat dairy prod-
ucts were replaced with full-fat dairy products. In addition,
as the regular consumption of sweetened beverages in our
study population was only 7-2%, we excluded the food
group component of sweetened beverages. Thus, the
DASH-style diet is characterised by a high intake of fruits,
vegetables, legumes, dairy products, and whole grains and
a low intake of Na and red and processed meats. For each
of the presumed healthy food group components of DASH,
the maximum score (5) was assigned to those in the highest
quintile, and the minimum score (1) was assigned to those
in the lowest quintile, with intermediate values being
assigned accordingly. However, for the presumed unheal-
thy foods, values were assigned in the opposite manner.
Thus, the total DASH score ranged from 7 (minimal adher-
ence to the DASH-style diet) to 35 (maximal adherence).

An alternative Mediterranean-style diet (aMED) score that
reflects an adapted version of the traditional MED for the non-
Greek population®?* was used to evaluate the degree of
adherence to the Mediterranean-style diet. We eliminated
the food group component of nuts because we did not collect
information on nut consumption. Thus, this score included
eight nutritional components of the Mediterranean-style diet,
characterised by: a high intake of vegetables, legumes, fruits,
cereals, fish and foods with a high ratio of unsaturated to satu-
rated fats; a low intake of poultry, meat and meat products;
and a regular but moderate intake of alcohol. For each of
the eight food group components of aMED except alcohol
consumption, we categorised the food group consumption
into sex-specific quintiles and scored all participants from 1
to 5 according to their intake ranking. For alcohol consump-
tion (g/d), we used sex-specific presumed cut-offs®®. Thus,
the total aMED score ranged from 8 (minimal adherence to
the aMED) to 40 (maximal adherence).The detailed scoring
criteria for the DASH-style diet and aMED are described in
the supplemental material (see online supplementary
material, Supplemental Table 1s & 2s).
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Assessment of outcomes

Systolic BP (SBP) and diastolic BP (DBP) were measured
three times with an Omron HEM-8711 BP monitor after
5 min of rest in a seated position; these measurements were
conducted by trained staff members according to standar-
dised protocols. If an unusual BP measurement was
detected, a mercury sphygmomanometer was used to
verify the unusual measurement. The mean of the three
measurements was calculated for use in the analysis.

The levels of BP in this study were divided into three
subgroups: normotension, prehypertension and hyperten-
sion. In accordance with the Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure (the JNC 7
repor)®®, hypertension was defined as average SBP
> 140 mm Hg or DBP > 90 mm Hg. Prehypertension was
defined as 120 mm Hg < SBP <140 mm Hg or 80 mm
Hg <SBP <90 mm Hg. Normotension was defined as
90 mm Hg < SBP < 120 mm Hg and 60 mm Hg < DBP < 80
mm Hg. Hypotension was defined as SBP <90 mm Hg
or DBP <60 mm Hg. Considering that the hypotensive
population was relatively small in our sample (n 281)
and that the distribution of BP in the hypotensive group
was negatively skewed, the hypotension group was
merged with the normotension group in the final analysis.

Assessment of covariates

We obtained information on covariates from the baseline
questionnaire, which included nine sections, that is, dem-
ographics and socio-economic status, smoking and indoor
air pollution, alcohol consumption, tea and other beverage
consumption, health status (quality of life, self-rated health
status, personal and family disease history), physical activ-
ity, reproductive history (only for women), and mental
health status (life events, sleep, psychological conditions
and social support). To identify the potential confounders,
we constructed a directed acyclic graph (DAG) under the
protocol of ‘Evidence Synthesis for Constructing Directed
Acyclic Graphs’ (ESC-DAGs), which combines evidence
synthesis strategies and causal inference principles®®.
We then ran independent tests to continuously modify
the proposed DAG until the implied conditional independ-
ences were achieved (see online supplementary material,
Supplemental Text 1s). According to the causal diagram
and back door criteria®”, we adjusted the models for sex
(male or female), age (years), urbanicity (urban or rural),
ethnicity (Han, Tibetan, Yi, Miao, Bai, Bouyei, Dong), mari-
tal status (married/cohabiting or not), highest education
attained (no formal school, primary school, middle or high
school, college/university or higher), household income
(< ¥12 000, ¥12000-19999, ¥20000-5999, ¥60000-99999,
¥100000-199999, > ¥200 000), profession (agriculture,
manufacturing, service, unemployed or other), regular
smoking (never, former and current), physical activity in
metabolic equivalent of task (MET) and hours per d, total
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energy intake (quintiles), regular intake of sweetened bev-
erages (never, former and current), regular intake of dietary
supplements (yes or no), regular intake of spicy food (yes
or no), regular intake of pepper foods (yes or no), BMI
(< 24, 24-28,>28), insomnia symptoms (presence or
absence), depression symptoms (presence or absence),
anxiety symptoms (presence or absence), menopause
status for women (premenopausal, perimenopausal and
postmenopausal), and family history of hypertension
(yes or no).

Statistical analysis

A descriptive analysis of the baseline characteristics of the
overall study sample, as well as stratification by quintiles of
DASH-style diet and aMED scores, was performed.
Categorical variables are expressed as frequencies and pro-
portions (%), and continuous variables are presented as the
means and standard deviations with adjustment for age and
sex by direct standardisation (using the entire study sample
as the standard population). Continuous and categorical
demographic variables across groups were compared
using ANOVA and chi-square tests, respectively.

We used multivariate linear regression to estimate the
separate associations between the dietary quality scores
and BP (SBP and DBP) overall, as well as in normotensive,
prehypertensive and hypertensive subgroups, after adjust-
ing for the confounders identified by the DAG. Each of the
dietary quality scores was categorised into quintiles for the
entire study population, with the lowest fifth of dietary
quality scores as the reference group. To test for linear
trends, we assigned a median value to each quintile of diet
scores, producing a single continuous variable used in the
model. To evaluate the relative influence of each of the
dietary components on BP in association with DASH-style
diet and aMED, we subtracted one component at a time
from the original score and estimated the BP coefficient
of each diet score®. Owing to the built-in quality control
in the tablet-based questionnaire and the stringent data
audit, the proportion of missing data in this study is very
low, and we set most of the missing values from unverifi-
able outliers to ‘NA’ after reviewing audio of the interviews.
For missing values of food group intake, we performed
multiple imputation (with five imputations) by chained
equations®”,

In addition, we conducted stratified analysis among pre-
defined strata of variables including sex, age, BMI, urban-
icity, regular smoking and physical activity to examine
potential effect modifiers. Heterogeneity among different
strata was assessed with the P statistic and the chi-square
test (a=0-1, P> 60 % was considered significantly hetero-
geneous). To test the robustness of our findings, we also
performed several sensitivity analyses. First, we included
all participants in our cohort who reported having hyper-
tension and using antihypertensive medication to examine
the magnitude of potential reverse causality. Second, we
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used a more stringent exclusion criterion by excluding
patients who reported pre-existing physician-diagnosed
hypertension, diabetes, hyperlipidemia, CHD, stroke or
cancer before the main analyses. Third, we ran a complete
case analysis without multiple imputation of the ‘NA’ values
of dietary intake. Finally, we used a spline to examine the
potential non-linearity of the relationship between BP and
diet scores (treated as a continuous variable).

All analyses were performed with R version 4.0.2 (R
Project for Statistical Computing, Vienna, Austria). We fol-
lowed the reporting guidelines of the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) Statement for cross-sectional studies.

Results

Baseline characteristics

The final study sample included 81 433 participants.
Overall, the mean age was 50-5 years (s =11-2), 60-1 %
of participants were women, 64-1% of participants lived
in rural areas and 11-6 % of people had a university-level
education or above. We ascertained 32 155 cases of nor-
motension, 30 760 cases of prehypertension and 18 518
cases of hypertension. Table 1 showed the sex- and age-
adjusted characteristics of the study participants at baseline
in the overall sample and stratified by quintiles of DASH-
style dietand aMED scores. Participants in the highest quin-
tile of both diet scores were more likely to be younger and
female and tended to have higher socio-economic status
(education, urban residence and household income) and
have lower total physical activity; they were less likely to
report mental disorders but more likely to have a family his-
tory of hypertension.

Association between diet scores and blood pressure
Associations of DASH-style diet and aMED scores with SBP
and DBP in the overall samples are shown in Fig. 1.
Although both dietary indices had inverse linear associa-
tions with BP, DASH-style diet showed a stronger associa-
tion with both SBP and DBP than aMED did (all Pvalues for
trend < 0-001). In a comparison between the highest and
lowest quintiles of diet scores after adjustment for multiple
potential confounding factors, the DASH-style diet score
was associated with a 2:78-mm Hg reduction in SBP
(95% CI -3-15, —2:41) and an 1.06-mm Hg reduction in
DBP (95% CI -1-30, —0-82). Similarly, the aMED score
was associated with a 1-43-mm Hg reduction in SBP
(95% CI -1-81, —1-05) and a 0-44-mm Hg reduction in
DBP (95 % CI —0-68, —0-19). Our results also indicated that
SBP had a stronger negative association with dietary quality
than DBP had.

Table 2 presents the associations of DASH-style diet and
aMED scores with BP stratified by BP level. With the lowest
quintile as a reference, the highest quintile of both
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Table 1 Age- and sex-standardised baseline characteristics in the CMEC study, according to quintiles of DASH-style diet score and aMED

score

DASH aMED
Overall n
Characteristic 81433 Qt Qs Qaf Qs
n % n % n %  Pvalue n Y% n %  Pvalue
Age (years) 81 433
Mean 50-5 52.5 495 <0-001 523 49-8 < 0-001
SD 11.2 111 11-6 11.7 109
Female sex (%) 49387 606 529 67-4 <0-001 511 66-4 < 0-001
Urban residence (%) 29268 359 265 50-0 <0-001 228 50-9 < 0-001
Ethnic group (%)* < 0-001 < 0-001
Sichuan Basin 38857 477 364 63-6 289 66-0
Yunnan-Guizhou Plateau 33884 416 555 28-2 50-3 31.7
Qinghai-Tibet Plateau 8692 107 81 82 20-8 2.3
Married or cohabiting (%) 72858 895 886 90-1 <0-001 889 90-3 < 0-001
Highest education completed (%) < 0-001 < 0-001
No formal school 20752 255 372 14.7 41.7 13-3
Primary school 20432 251 281 20-5 27-6 21.8
Middle and high school 30797 378 284 46-8 24.2 49.2
College or university 9451 116 6-3 18-0 6-5 15.7
Household income (yuan/year) (%) < 0-001 < 0-001
<12 000 13425 165 258 9-8 25.7 9-6
12 000-19 999 14771 182 211 14.5 235 137
20 000-59 999 29804 366 348 35-8 34-3 37-3
60 000—99 999 12096 149 105 197 92 19-6
100 000—-199 999 8974 110 6-3 155 5.9 154
> 200 000 2263 2.8 1.3 4-6 1.4 4.3
Occupation (%)t < 0-001 < 0-001
Primary industry practitioner 27728 341 446 232 48-5 230
Secondary industry practitioner 6213 7-6 8-4 7-2 6-9 79
Tertiary industry practitioner 31010 381 324 42.3 29-8 42.8
Unemployed 16416 202 145 27-2 14.8 26-3
Regular smoking (%) < 0-001 < 0-001
Never 61258 752 747 76-6 77-0 74-2
Previous 16375 201 21.8 17.7 192 199
Current 3800 4.7 35 5.7 3-8 5.9
Total physical activity (MET h/d) 81 092
Mean 26-7 29-1 24.4 <0-001 287 25.2 < 0-001
SD 183 197 167 20-0 16-7
BMI (kg/m?) 81 433
Mean 241 24.2 23.9 <0-001 242 241 0-002
SD 34 3-6 33 37 33
Dietary supplements (%)% 12723 156 9-1 22.7 < 0-001 8-6 215 < 0-001
Regular sweetened beverage intake (%)§ 0-194 < 0-001
Never 75174 92.3 933 935 87-4 95.5
Previous 365 0-4 0-4 0-5 04 0-5
Current 5894 72 6-3 6-0 12.2 41
Regular spicy food intake (%) 48708 59-8 659 54.2 <0001 574 60-6 < 0-001
Regular pepper intake (%) 33767 415 346 44.5 <0-001 318 47.7 < 0-001
Insomnia symptoms (%) 35459 436 477 40-4 <0-001 46-3 41.7 < 0-001
Depression symptom (%) 3897 4.8 7-5 34 < 0-001 6-4 36 < 0-001
Anxiety symptoms (%) 4576 5-6 92 35 < 0-001 7-9 3-8 < 0-001
Menopausal status in women (%) 0-070 0-150
Premenopausal 24020 486 476 48-8 484 48.4
Perimenopausal 3474 7-0 6-8 7-2 6-9 7-6
Postmenopausal 21893 44.3 45 441 44.7 44.0
Family history of hypertension (%) 23646 29.0 236 34.5 <0001 20-8 35.0 < 0-001
SBP 81 433
Mean 1241 1258 123.0 <0-001 125.0 1238 < 0-001
SD 18-3 17-6 16-5 17-3 16-7
DBP 81 433
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Table 1 Continued
DASH aMED
Overall n
Characteristic 81433 Qt Qs Qt Qs
n % n % n %  Pvalue n % n %  Pvalue
Mean 78-6 795 777 <0-001 791 781 < 0-001
SD 11.0 111 10-5 11.0 10-6
Blood pressure level (%) < 0-001 < 0-001
Normotension 32155 395 359 41.8 374 40-3
Prehypertension 30760 378 384 37-8 384 38-0
Hypertension 18518 22.7 257 20-4 24.2 21.7

CMEC, China Multi-Ethnic Cohort; DASH, Dietary Approaches to Stop Hypertension; aMED, alternative Mediterranean-style diet; MET, metabolic equivalent of task; Q,

quartile; SBP, systolic blood pressure; DBP, diastolic blood pressure.

*We aggregated various ethnic groups into three geographic regions due to their high similarity in diet and baseline characteristics.
tPrimary industry practitioners are defined as workers in the farming, forestry, animal husbandry and fishery industries. Secondary industry practitioners are defined as
workers in processing and manufacturing industries. Tertiary industry practitioners are defined as workers in industries other than primary and secondary industries.

iDietary supplements refer to fish liver oil, vitamins and calcium tablets.

§Previous regular sweetened beverage intake is defined as past consumption of sweetened beverages every week for more than half a year. Current regular sweetened
beverage intake is defined as an average of at least 1-2 d of consumption per week in the past year.

DBP

SBP

BRI

Coefficient

-2 -

-3-

Q2 Q3 Q4 Qs

== DASH
aMED

lecccaefanan

Q3 Q4 Qs

Q2
Quintile of dietary quality

Fig.1 Association between DASH-style diet and aMED scores and blood pressure in overall samples. DASH, Dietary Approaches to
Stop Hypertension; aMED, alternative Mediterranean-style diet; SBP, systolic blood pressure; DBP, diastolic blood pressure;

Q, quintile

DASH-style dietand aMED scores showed a stronger asso-
ciation with SBP in the hypertension subgroup than in
either of the other BP subgroups (Bpasy=-2-24,
95% CI —2:89, —1:58; Bumrn=-1:09, 95% CI -1.75,
—0-43). No such association was observed between either
diet score or DBP. Our results also indicated that there was
a stronger association between the highest quintile of
DASH-style diet and SBP than that of aMED in all sub-
groups. However, some of these associations in other
quantiles instead of Q5 were not statistically significant,
it might be due to the weak association and lack of power.
Although the DASH-style diet and aMED have some food

0.1017/51368980022000106 Published online by Cambridge University Press

group components in common, adherence to DASH-style
diet consistently showed a larger effect on BP than adher-
ence to aMED in the overall sample as well as in
subgroups.

The discrepant results between DASH-style diet and
aMED were confirmed by food group analyses (see online
supplementary material, Supplemental Table 3s & 4s).
Among the discrepant food group components, the dairy
product component, included in DASH-style diet but not
in aMED, accounted for a majority of the beneficial effects
of DASH-style diet on BP (33-63 % for SBP and 33-97 % for
DBP); in contrast, the MUFA:SFA ratio, included in aMED
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Table 2 Association of the DASH-style diet and aMED scores with blood pressure in subgroups of blood pressure level*

Quintiles of diet scores

Coefficient Q3 Q4 Q5 Pior trenaT
Q1 p 95 % ClI p 95 % Cl p 95 % Cl p 95% Cl
Normotension
DASH
SBP Ref. 0-16 —0-14,0-46 -0-10 —0-36,0-16 -0-27 —0-56,0-02 -0-47 —0-74,-0-20 < 0-001
DBP Ref. 0-24 —0-01,0-49 0-13 —0-09,0-35 -0-12 -0-37,0-12 0-08 —0-15,0-31 < 0-001
Participants, n 4975 4113 8052 5429 9459
aMED
SBP Ref. 0-03 -0-27,0-32 -0-03 -0-29,0-24 0-01 —0-29,0-30 -0-33 —0-60,-0-05 0-147
DBP Ref. 0-13 -0-12,0-38 0-13 —0-09,0-34 0-13 -0-11,0-37 0-09 —0-14,0-32 < 0-001
Participants, n 4981 4225 8345 5456 9021
Prehypertension
DASH
SBP Ref. —0-40 —-0-66,-0-14 -0-44 —0-67,-0-20 —0-55 —0-81,-0-29 -0-65 —0-89,-0-40 < 0-001
DBP Ref. 0-22 —0-02,0-45 0-14 —-0-07,0-35 0-24 —0-00,0-48 0-18 —0-04,0-40 < 0-001
Participants, n 5929 4369 7731 4924 7674
aMED
SBP Ref. —0-09 —-0-36,0-17 -0-28 -0-52,-0-05 -0-14 —0-41,0-13 —-0-30 —0-55,-0-05 < 0-001
DBP Ref. 0-03 -0-21,0-27 0-11 —-0-10,0-32 0-06 —0-18,0-31 0-05 -0-18,0-27 < 0-001
Participants, n 5661 4307 7847 4930 7882
Hypertension
DASH
SBP Ref. -1-09 -1.74,-0-43 -1.36 -1.96,-0-77 -1.18 -1.87,-0-49 —2.24 —2.89,—1-58 < 0-001
DBP Ref. —-0-38 —0-82,0-05 -0-15 —0-55,0-24 -0-49 —0-95,-0-03 -0-25 —0-68,0-19 < 0-001
Participants, n 4320 2870 4599 2703 3944
aMED
SBP Ref. —-0-26 —0-94,0-43 -0-92 -1.52,—0-31 -1.14 —1.84,-0-44 -1.09 -1.75,-0-43 < 0-001
DBP Ref. -0-14 —0-60,0-31 -0-18 -0-58,0-23 -0-15 -0-61,0-32 0-08 —0-36,0-52 < 0-001
Participants, n 3901 2667 4659 2899 4310

DASH, Dietary Approaches to Stop Hypertension; SBP, systolic blood pressure; DBP, diastolic blood pressure; aMED, alternative Mediterranean-style diet.

*Multivariate linear regression with blood pressure as a dependent variable and quintile of the dietary quality score as an independent variable was used. Adjusted for sex, age, urbanicity, ethnicity, marital status, highest education attained,
household income, profession, regular smoking, physical activity, BMI, total energy intake, regular intake of sweetened beverages, regular intake of dietary supplements, regular intake of spicy food, regular intake of pepper foods, insomnia
symptoms, depression symptoms, anxiety symptoms, menopause status for women and family history of hypertension.
1Tests for linear trend based on variable assigned median value for each quintile.
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SBP DBP

Subgroup Mean of blood pressure Coefficient(95 % CI) Mean of blood pressure Coefficient(95 % CI)
Sex
Male 1275 —_ ~296(-353,-239) 816 —_ —1-24(~1-63,-0-86)
Female 1219 —_— =-2-37(-2-86,~1-89) 766 —_ ~0-76(-1-06,-0-45)
Heterogeneity test P=57-T.:P=0-124 F=73-7.P=0-051
Age(years)
<50 1183 — -2:34(-2'79,-1-89) 774 —_ ~0-85(-1-17,-0-52)
250 1298 —_— —3.24(-3 82,-2 66) 800 ~1-10(1-45,-0 78)
Heterogeneity test F=827:P=0.016 F=11-8,P=0-287
Regular smoking
Never 1232 — =258(=3.01,-2-16) 77 - =0-84(=1-12,=0-57)
Previous 1298 —— =1:90(-363,-0-18) 817 — =1-15(-2:28,-002)
Current 1261 —— ~326(~406,~245) 811 — ~=1-47(=2-01,-093)
Heterogeneity test F=49-2,P=0-160 P=58.7,P=0.120
Physical activity (MET hours/day)
<16.47 1250 —— -3-06(-3-59,-2-54) 787 =-1-23(-1-57 -0-89)
216.47 1232 — =254(=305,-202) 784 ~0-85(=1-19,-0-52)
Heterogeneity test F=28-7.P=0-231 F=54-2,P=0-121
BMI (kg/m2)
<24 1206 —_— =261(=312,=2-10) 763 —— =1-02(=1-34,-0-69)
224 1267 ——— =3-05(-3-66,-2-43) 802 —_— =1-20(-1-59,-0-80)
228 1313 —_— =2.57(=3 67 =146) 832 —_— =0-82(=1-54,=0-11)
Heterogeneity test F=0-0;P=0523 F=00;P=0622
Region
Rural 1232 — ~2:28(=273,-178) 788 - =0-81(=1-11,-051)
Urban 1257 —— =361(=421,-3.01) 781 — =1-41(=1-81,-1-02)
Heterogeneity test P=89-9,P<0-001 F=69-9,P=0033
Ethnic
Sichuan Basin 1257 —— ~379(-432,-327) 781 — ~1-26(-1-60,~0-93)
Yunnan-Guizhou Plateau 1230 —_— —1-94(-253,-1-34) 791 —_ ~1-07(~1-45,-0-70)
Qinghai-Tibet Plateau 1212 _— —1.70(-2 88,-0/52) 783 —_— —0-65(-1-47,0-17)
Heterogeneity test F=0-0.P=0731 N — e F=0-0.P=0-354

L e e e
4353252151050 05 1

152253

Coefficient

4353252151050 051 152 25 3
Coefficient

Fig. 2 Association between DASH-style diet and blood pressure stratified by sex, age, smoking, physical activity, BMI, region and
ethnic. DASH, Dietary Approaches to Stop Hypertension; SBP, systolic blood pressure; DBP, diastolic blood pressure

SBP DBP
Subgroup Mean of blood pressure Coefficient(95 % CI) Mean of blood pressure Coefficient(95 % CI)
Sex
Male 1275 -1.41(-1-98,-0-84) 816 —— -0-42(~0-80,-0-03)
Female 1219 —_ -128(-178,-077) 768 — -0-33(~0-65,-002)
Heterogeneity test F=0-0,,=0.735 F=0-0,P=0.746
Age(years)
<50 1183 -1:24(-170,-077) 771 - -047(~0-80,-0-14)
250 1208 —_— -1-68(-2:17,-089) 800 —— -0-52(-0-87,-016)
Heterogeneity test F=0.0;P=0.375 F=0.0;P=0.844
Regular smoking
Never 1232 -1:36(-179,-081) 777 - -0-30(-0-59,-002)
Previous 1296 —_— -0.91(-2:63,081) 817 —_— -0:37(~150,075)
Current 1261 —-168(-2-48,-0-89) 811 —_—— ~0-70(-1-23,-0-17)
Heterogeneity test F=27.5/P=0.240 F=00.P=0574
Physical activity (MET hoursiday)
<16.47 1250 —_ -1.25(-179,-071) 787 — -0.37(-072,-003)
216.47 1232 —_— 223, 784 — ~0-51(~0-85,-017)
Heterogeneity test F=151;P=0-437
BMI (kg/m2)
<24 1206 —_ ~1:58(-2:09,-1-08) 763 - -052(-085,-0-19)
224 1267 —_— ~1-34(-1-96,-0-71) 80-2 — ~0-32(-0-72,0:09)
228 1313 —_— ~1-18(-2-30,-0-08) 832 — -0-31(~104,041)
Heterogeneity test F =0.0;P=0.749 F=0-0,P=0T12
Region
Rural 1232 —— =1-17(-1-65,-0-69) 788 - ~0-23(-0-54,0-07)
Urban 1257 —_— -2:41(=3-05,-177) 781 — -0-84(~126,-042)
Heterogeneity test F=826,P=0.002 P=72-4,P=0-022
Ethnic
Sichuan Basin 1257 — -2:21(~2:78,~165) 781 —_— -0.79(-1-15,-043)
‘Yunnan-Guizhou Plateau 1230 —_— -2.05(-2-64,-1-46) 791 —_ -0-95(-1:32,-0-58)
Qinghai-Tibet Plateau 1212 —_—— -043(-192,1-06) 783 — 0-94(~0-09,1-98)
Heterogenaity test F=74.6P=0-047 F=91-2;P=0-001

https://doi.org/
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Fig. 3 Association between aMED and blood pressure stratified by sex, age, smoking, physical activity, BMI, region and ethnic.
aMED, alternative Mediterranean-style diet; SBP, systolic blood pressure; DBP, diastolic blood pressure

but not in DASH-style diet, showed harmful effects on BP
(~24-00 % for SBP and —-63-38 % for DBP).

Stratified and sensitivity analyses
For simplicity, stratified analyses focused only on the asso-
ciation between dietary quality scores and BP in the overall
sample. In analyses stratified by potential effect modifiers
(Fig. 2 and 3), the negative associations between dietary
quality scores and BP were consistent in most strata except
for urbanicity. Specifically, the negative associations
between diet scores and BP were greater in the urban
group than in the rural group.

In the sensitivity analysis (see online supplementary
material, Supplemental Figure 3s-0s), the negative

0.1017/51368980022000106 Published online by Cambridge University Press

associations between dietary quality and BP were generally
robust. The associations remained similar when we
changed our inclusion and exclusion criteria: (a) including
participants who reported physician-diagnosed hyperten-
sion and the use of antihypertensive medication and (b)
further excluding participants who reported being previ-
ously diagnosed with hypertension, diabetes, hyperlipi-
demia, CHD, stroke or cancer by a physician). In
addition, the associations between dietary quality and BP
results were unaffected when we ran a complete case
analysis instead of performing multiple imputations.
Finally, the general additive models developed using a
spline also showed a linear relationship between BP and
diet scores (treated as a continuous variable), which was
consistent with the trend presented in Fig. 1.
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Discussion

In this large population study performed in a less-
developed area in China, our results showed that higher
adherence to DASH-style diet and aMED was associated
with lower SBP and DBP. The antihypertensive effect of
the DASH score was stronger than that of the aMED score.
We also observed that the beneficial effect of healthy diet
on SBP was greater in the hypertension subgroup than in
either of the other BP subgroups.

Our results are generally consistent with previous find-
ings showing that DASH and Mediterranean scores are neg-
atively associated with BP. A longitudinal analysis in the
SU.VI.MAX cohort in France found that DASH scores were
significantly associated with a reduced SBP and DBP at
baseline and a reduced BP increase after a 5-year follow-
up®. The EPIC study, using data from Greek participants,
found that the MED score had significant negative associa-
tions with both SBP and DBP®V. Although our results sug-
gest a stronger effect on BP than previous cross-sectional
studies®%3239  the beneficial effect is still modest from an
individual perspective. However, a relatively small reduc-
tion in BP, if applied to an entire population, could have an
enormous beneficial impact on public health®?. In line
with other studies"?3>, our study also demonstrated that
adherence to DASH-style diet and aMED is associated with
a lower SBP within the usual range of BP, with a larger
degree in the hypertension group than in the normotension
or prehypertension group. The especially pronounced
association between dietary quality and BP in the hyperten-
sion group may help facilitate the formulation of guidelines
in less-developed regions to recommend dietary modifica-
tions, especially in individuals with hypertension.

In this study, we found that the DASH-style diet showed
a larger protective effect on BP than aMED, as has been
reported by an umbrella review and a meta-analysis"'>!3.
Differences in associations between diet scores and BP
may be attributable to differences in the food and nutrient
components of each index. The DASH-style diet score
awards points to diets high in dairy products and low in
Na intake, whereas the aMED score awards points to diets
with a high ratio of monounsaturated to saturated fat and
high fish intake. Our investigations of the relative contribu-
tion of the individual components of diet indicated that total
dairy products accounted for a large proportion of the ben-
eficial effect of the DASH-style diet. Although findings from
the original DASH diet have revealed the benefits of low-fat
dairy foods combined with a diet high in fruits and vegeta-
bles on BP®?, a meta-analysis showed that total dairy prod-
ucts were inversely associated with the risk of hypertension
or elevated BP®”. Considering that low-fat dairy accounts
for a relatively small proportion of the total consumption of
dairy products in most low- and middle-income countries
such as China compared with high-income countries®®,
our results imply that the modified DASH diet, which
includes total dairy products rather than low-fat dairy
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products only, may also produce strong protective effects
on BP in less-developed regions in China. Furthermore,
as one of the typical characteristics of the aMED, a high
MUFA:SFA ratio failed to show significant beneficial effects
on BP in the food group analysis. The main contributor to
the MUFA:SFA ratio in Mediterranean countries is olive oil,
which has high oleic acid and antioxidant polyphenol con-
tent®*3”, However, owing to the inaccessibility of high-
quality sources of MUFA (such as olive oil or marine fish)
in Southwestern China, a high MUFA:SFA ratio in our sam-
ple could only reflect a high intake of vegetable oils, pos-
sibly accounting for the moderate effects of aMED on BP. In
conclusion, although the intake of DASH components in
our study was different from the intake of those foods in
Western developed countries®”, adherence to the
DASH-style diet still demonstrated a significant beneficial
effect on BP in our study. Our results imply that DASH-style
diet is superior to aMED as dietary guidance for reducing
BP in less-developed regions. Other studies have also
reported that healthy diet patterns are more strongly asso-
ciated with SBP than with DBP!!1?, Recent studies showed
a declining trend in the relative importance of DBP with
age, with this variable being important predominantly in
people under 45 years of age“?, whereas a corresponding
increase in the importance of systolic pressure with increas-
ing age. In addition, the Framingham Study revealed that
SBP is a better predictor of complications and death than
DBP“?, The mean age of our study population was 50-5
years, and more than half of the participants were elderly.
Therefore, although there were some null associations
between the diet scores and DBP in the BP subgroups,
our findings indicated that adherence to DASH-style diet
and aMED was associated with a significantly reduced
SBP, which suggested that the adoption of healthy diet
would be a useful measure for the control of BP in popu-
lations with suboptimal BP.

To our knowledge, this is the first large-scale epidemio-
logical study to examine the association of adherence to
DASH-style diet and aMED with specific BP values (SBP
and DBP) in the general population in LEMR, whereas
numerous studies have focused on populations with hyper-
tension or elevated BP in developed countries. In addition,
the selection of potential confounders was guided by the
protocol of ESC-DAGs, which are under a framework of
causal inference. Finally, the quality of the dietary data is
guaranteed by the validated FFQ, stringent data audit
and audio reviews.

Our study has several limitations. First, for feasibility, the
FFQ used to assess food intake only consisted of thirteen
food groups, which may not precisely capture the detailed
dietary information of our participants. However, consider-
ing that many participants from LEMR speak different local
languages and consume distinct foods (many foods are not
included in any existing food database), some are even illit-
erate, a food group-based and simplified food question-
naire may be the only option that can ensure the
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efficiency of communication, the cooperation of partici-
pants and the comparability among various regions.
Second, given the food group-based questionnaire and
the cultural background and dietary habits of populations,
we used the absolute weight in gram to measure the intakes
of thirteen crude food groups rather than serving size,
which may fail to consider the variation of weight of differ-
ent foods for one serving equivalent. Third, we did not per-
form measurement error correction in this analysis, as the
overwhelming majority of current statistical approaches
were suitable only for single-food items or nutrients“?.
Forth, this study is a cross-sectional design using baseline
data and does not allow the establishment of causal
associations. However, we excluded participants with
self-reported hypertension and use of antihypertensive
medication to avoid the potential reverse causality that
could be introduced by changes in habitual diet in response
to the diagnosis of hypertension. In addition, we used a
causal diagram and back door criteria to systematically con-
trol for confounders. Fifth, although we used an explicit
way to explore the relative contribution of each component
in these index, the estimation process would become very
unstable (a subtle change in the effect could even operate
in different directions) when the denominator (the overall
effect) was close to null. This phenomenon is more appar-
ent in the relative contribution of food component on
aMED than DASH-style diet. So we recommended that
the results should be interpreted cautiously when the over-
all association was weak. Last, all participants in this study
were from China; therefore, it may not be possible to
extrapolate our results to other LEMR. Future studies are
needed to examine this association in other racial and
national groups.

Conclusions

In conclusion, our findings provide support for the recom-
mendations of clinical guidelines on dietary strategy, show-
ing that adherence to healthy diet such as the DASH-style
diet and aMED is associated with lower BP in LEMR, espe-
cially among people with hypertension. Importantly, the
DASH-style diet may be a more appropriate recommenda-
tion than aMED for controlling BP. This is true for patients
who are in the hypertensive range as well as the prehyper-
tensive and normotensive ranges. Prospective observatio-
nal studies or clinical trials are needed to further investigate
how the degree of adherence to the DASH-style diet and
aMED can control BP in people in LEMR.
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