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Abstract

Objective: To evaluate the association between adherence to the Dietary Approaches to

Stop Hypertension (DASH) diet and overall and cause-specific mortality in the Golestan

Cohort Study (GCS).

Methods: A total of 50 045 participants aged 40 years or older were recruited from

Golestan Province, Iran, from 2004 to 2008 and followed for a mean of 10.64 years. The

DASH diet score was calculated for each individual based on food groups. The primary

outcome measure was death from any cause.

VC The Author(s) 2019; all rights reserved. Published by Oxford University Press on behalf of the International Epidemiological Association 1824

IEA
International Epidemiological Association

International Journal of Epidemiology, 2019, 1824–1838

doi: 10.1093/ije/dyz079

Advance Access Publication Date: 5 May 2019

Original article

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/48/6/1824/5485781 by guest on 25 April 2024

http://orcid.org/0000-0002-3669-5129
http://orcid.org/0000-0002-0518-8714


Results: During 517 326 person-years of follow-up, 6763 deaths were reported. After ad-

justment for potential confounders, DASH diet score was inversely associated with risk

of death from all causes and cancers [hazard ratio (HR): 0.86; 95% confidence interval

(CI): 0.75, 0.98; and HR: 0.65; 95% CI: 0.47, 0.90, respectively]. A higher DASH diet score

was associated with lower risk of gastrointestinal cancer mortality in men (HR: 0.55; 95%

CI: 0.30, 0.99). A greater adherence to DASH diet was also associated with lower other-

cancer mortality in women (HR: 0.50; 95% CI: 0.24, 0.99). No association between DASH

diet score and cardiovascular disease mortality was observed, except that those dying of

cardiovascular disease were younger than 50 years of age and smokers.

Conclusions: Our findings suggest that maintaining a diet similar to the DASH diet is in-

dependently associated with reducing the risk of total death, cancers, and especially gas-

trointestinal cancers in men.
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Introduction

Evaluation of dietary patterns, including combinations of

specific foods and dietary components, provides us with a

more accurate and comprehensive snapshot of dietary expo-

sures than assessing foods or nutrients separately, which

ignores probable interaction or association among numerous

nutrients.1 One of the established dietary patterns is the

Dietary Approaches to Stop Hypertension (DASH) diet,

which is rich in fruits, vegetables, whole grains, low-fat dairy

products and legumes/nuts but low in sodium, added sugars

and processed/red meat. The DASH-style diet was initially

designed and evaluated for reducing blood pressure2; how-

ever, it has since been considered to be beneficial for the other

metabolic disorders, such as cardiovascular disease (CVD),3–6

type 2 diabetes4,7 and some cancers.8,9 Thus, it seems that ad-

herence to a DASH-style diet may be related to reduced risk

of mortality. Although the beneficial impact of DASH diet

components on survival has been shown previously,10–14 the

association between the total dietary pattern and mortality

has been less likely to be evaluated. As some causes of mortal-

ity, such as CVD and cancers, could have been influenced by

exposures during the early decades of life, and it is not feasi-

ble to conduct a long-term randomized clinical trial to see the

impact of adherence to a DASH-style diet on mortality as an

endpoint, data from cohort studies with participants follow-

ing a diet similar to the DASH pattern may be helpful in elu-

cidating the long-term effectiveness of the DASH diet on

health and survival. The aim of this study was to evaluate the

association between DASH diet adherence and overall and

cause-specific mortality in the Golestan Cohort Study (GCS) .

Methods

Study population

The design of the GCS has been reported previously.15 The

follow-up flow chart is presented as Supplementary Figure 1,

available as Supplementary data at IJE online. This cohort

Key Messages

• Higher adherence to the Dietary Approaches to Stop Hypertension (DASH) diet has been shown to be beneficial for

the metabolic disorders, such as hypertension, cardiovascular disease and type 2 diabetes.

• It has been suggested that adherence to a DASH-style diet may be related to reduced risk of mortality.

• An inverse association between adherence to a DASH-style diet and risk of death, particularly from chronic diseases,

was observed in a developing country.

• Conformity to the DASH diet and the association with risk of some specific causes of mortality were considerably dif-

ferent between the sexes.

• A higher conformity with the DASH diet was associated with lower risk of overall mortality and mortality from cardio-

vascular disease among current smokers.

• This study suggests that people with selected risk factors may benefit more than others from adherence to a DASH

dietary pattern.
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was launched in 2004 in Golestan Province, in northeastern

Iran, by recruiting 50 045 adults, aged between 40 and

87 years, from Gonbad city and 326 rural villages (a 20% ur-

ban, 80% rural cohort). After excluding those participants

with extremely low or high energy intakes (<500 or

>5000 kcal/day), prevalent cancers at baseline, missing or in-

complete information on the food frequency questionnaire

(FFQ) and/or the general lifestyle questionnaire (including

questions on demographics, education, socio-economic status,

history of diabetes, smoking, alcohol and opium use, and an-

thropometric measurements), and those with an unreasonable

body mass index (BMI) (<15 or >50 kg/m2), 48 633 individ-

uals were available for this analysis (27 975 women and

20 658 men). The study was approved by the Institutional

Review Boards of the Digestive Disease Research Center

(DDRC) of Tehran University of Medical Sciences, the US

National Cancer Institute (NCI) and the World Health

Organization International Agency for Research on Cancer

(IARC). All participants provided written informed consent

before enrollment.

Dietary assessment

A valid and reliable FFQ that was designed for the GCS was

used to collect the dietary intakes in this study.16 Information

on typical portion size, consumption frequency and servings

consumed each time was collected for each food item at en-

rollment. Consumption frequency of each food item was

questioned on a daily, weekly or monthly basis and converted

into daily intakes; portion sizes were then converted into

grams using household measures.17,18 The collected data were

analysed using Nutritionist V (First Databank, Hearst Corp,

San Bruno, CA, USA). A DASH diet score was calculated for

each FFQ. The DASH diet score was constructed based on

the foods and nutrients emphasized or minimized in the

DASH diet, focusing on eight components: high intake of

fruits, vegetables, low-fat dairy products, whole grains, and

nuts/legumes; and low intake of soft drinks and sweets, red/

processed meats and sodium. For calculation of DASH score,

the amount of each dietary food group was converted to its

equal serving size number. Owing to the lack of accurate data

on consumed salt, only data with respect to sodium in foods

were used to estimate sodium intake (i.e. without considering

the salt used during cooking and/or added at the table). For

each of the eight components, intake (in serving) was ranked

to quintiles.3 For each food group, a maximum score of 5

points could be achieved when the intake met the recommen-

dation, whereas lower intakes were scored proportionately.

For the five groups of fruits, vegetables, dairy, whole grains

and beans/nuts, a lowest quintile intake received a score of 1

point and a highest quintile intake received a score of 5 points.

For the remaining components (red/processed meat, soft

drinks/sweets and sodium), low intake was desirable.

Therefore, the lowest quintile received 5 points and the high-

est was given 1 point. The resulting eight component scores

were summed to create the overall DASH diet score, which

could range from 8 to 40. DASH diet score was categorized

into the following four groups: DASH score (DS) 1: 9–20,

DS2: 21–25, DS3: 26–30, and DS4: 31–39.

Assessment of potential confounders

All participants underwent interviews conducted by trained

physicians and/or technicians, and information on demo-

graphics and baseline lifestyle behaviour was collected using

a structured lifestyle questionnaire. Anthropometric indices

were measured after the interviews.15 Weight, height, body

mass index (BMI) and waist-to-hip ratio (WHR) were mea-

sured according to WHO recommendations.19 Data on the

intensity, duration and frequency of physical activity were

obtained.20 Physical activity was categorized, based on the

metabolic equivalent of task per minute per week, into

tertiles. Other potential confounders assessed in this cohort

study included age, sex, smoking status, opium and alcohol

consumption, wealth score, diabetes and hypertension.21

Participants were regarded as smokers if they had smoked at

least once a week for a period of 6 months or more. Lifetime

pack-years of cigarette smoking were estimated by multiply-

ing frequency of use per day by the duration of use in years.

Pack-years of cigarette smoking were categorized into 0, 0.1–

5, 5–10, 10–20 and >20. Opium users or alcohol drinkers

were described as those who used these substances at least

once a week, for a minimum of 6 months. Information on

wealth score was a surrogate of socio-economic status

(SES)22 and calculated from appliance ownership. These

scores were categorized in quartiles.

Follow-up and cause of death ascertainment

Details of the follow-up procedures of this cohort study have

been described previously.15 Briefly, all participants were fol-

lowed annually. The GCS team completed a case review

questionnaire during each phone call or home visit and

recorded the vital status of the participants. During a mean

follow-up of 10.64 years, only 454 of 48 633 participants

(0.9%) were lost to follow-up. The primary endpoint was

death from any cause. Any reported death was confirmed by

a physician visit and a completed validated verbal autopsy

questionnaire.23 Furthermore, two internists independently

reviewed all the verbal autopsy information and medical

records and ascertained the cause of death. In case of conflict

between the two internists, all data were reviewed by a third,

more skilled, internist and final diagnosis was made.15 For

this analysis, the most prevalent causes of death among the
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participants were assessed, including mortality from CVD,

cancer (all; gastrointestinal, including alimentary tract, liver

and pancreas; lung; and other cancers), respiratory diseases,

infectious disorders, and other causes. Injury deaths were in-

cluded as controls. Analysis was done only on individuals

with confirmed causes of death.

Primary and secondary outcomes

The primary outcome measure was a significant associa-

tion between DASH score and total mortality. Secondary

outcome measures were the association between DASH

score and causes of death across the strata of the known

risk factors for death.

Statistical analysis

Participants were divided into four groups according to their

DASH score, and characteristics of participants were presented

according to DASH score. Participants’ characteristics were

compared between groups of DASH score using an analysis of

covariance (ANCOVA) test for continuous variables and the

chi-squared (v2) test for categorical variables. To test for asso-

ciations between DASH score and risk of overall and cause-

specific mortality, Cox proportional hazards regression models

were used to estimate hazard ratios (HRs) and 95% confi-

dence intervals (CIs). In the Cox models, age and energy-

adjusted and multivariate-adjusted HRs were calculated for

each covariate. In the multivariate model, the HRs were ad-

justed for potential confounders, including age in years (con-

tinuous), energy intake (continuous), sex (male, female), BMI

(continuous), pack-years of cigarette smoking (0, 0.1–5, 5–10,

10–20, >20), opium user (non-user, opium user), wealth score

(quartiles 1, 2, 3 and 4), physical activity (tertiles 1, 2 and 3),

history of diabetes (yes, no) and history of hypertension (yes,

no). Alcohol consumption was also included in the list of con-

founders; however, since the results were not changed consid-

erably, it was omitted. Follow-up time was considered for

each participant from the date they were recruited to the study

until the date of death, failure to follow-up or the end of

follow-up date (30 July 2018), whichever occurred first. We

also stratified the analysis by major risk factors at baseline to

evaluate potential interactions between these factors and the

DASH score in relation to risk of overall and some common

specific causes of mortality. Interactions were tested using the

likelihood ratio test (LRT). All the statistical analyses were

done in SPSS (version 19; SPSS Inc, Chicago, IL, USA) and

P� 0.05 was considered significant.

Results

The mean age [standard deviation (SD)] of participants at

baseline was 52.03 (8.9) years. Overall, 57.5% were

women and 79.7% lived in rural areas. During 517 326

person-years of follow-up, we documented 6 763 deaths

(3003 women, 3760 men), including 2753 cardiovascular

deaths, 1319 cancer deaths (681 gastrointestinal cancer

deaths, 91 lung cancer deaths, 547 other cancer deaths),

382 respiratory disease deaths, 252 infectious disease

deaths, 325 injury deaths, 621 deaths from other causes

and 1111 deaths from unconfirmed causes. Baseline char-

acteristics of the participants are shown in Table 1.

Participants with higher DASH scores were older and more

likely to have a higher BMI, WHR, wealth score and be al-

cohol drinkers compared with those with the lowest score.

Furthermore, participants in the top group of the DASH

score were less likely to smoke or use opium, were more

likely to report a history of diabetes and hypertension and

were less active. Calculated DASH scores for all FFQs

ranged from 9 to 39, and the mean DASH score (SD) of all

participants was 24.00 (3.71). Participants with higher

DASH scores tended to consume more energy, fibre, cal-

cium, magnesium and potassium (Table 1).

Table 2 indicates HRs for the association between

DASH score quartiles and risk of mortality. The risk of

mortality was lower in participants in the DS2, DS3 and

DS4 groups in comparison with those in the first group

(DS1). After adjustment for confounders, the results were

the same in women and men when analysed separately.

For further analysis, we stratified data by BMI, age, smok-

ing, wealth score, history of diabetes and hypertension.

The results showed that associations appeared stronger

among overweight and obese participants than non-obese

participants; for those below the age of 50 years rather

than above the age of 50; for smokers than non-smokers;

for participants who were above the median wealth score

than below it; and for those who had no history of diabetes

rather than a history of diabetes. The associations were

similar among those with or without a history of hyperten-

sion (Figure 1) .

After multivariable adjustment, there was no significant

association between adherence to the DASH diet and risk

of death due to CVD (Table 3). However, after stratifying

by main risk factors at baseline, reduced risks of CVD mor-

tality tended to be significant among participants aged un-

der 50 years compared with those above 50 years and those

who had smoked compared with those who did not, albeit

with wide CIs (Figure 2).

Among deaths from cancer, after controlling for poten-

tial confounders, adherence to DASH score was associated

with a diminished risk of all cancers (HR: 0.65; 95% CI:

0.47, 0.90; P for trend <0.001), gastrointestinal cancers

(HR: 0.55; 95% CI: 0.30, 0.99 for men, and HR: 0.63;

95% CI: 0.40, 0.99 for pooled data; P for trend <0.001).

Furthermore, women with the highest DASH score were
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50% less likely to die from other cancers (HR: 0.50; 95%

CI: 0.24, 0.99; P for trend ¼0.016). However, there was

no significant association between DASH score and lung

cancer and other cancer deaths.

After stratifying analysis by selected risk factors at base-

line, inverse significant association between DASH score

and all cancer deaths was stronger among people aged

above 50 years than those under 50 years, in those above

Table 1. Characteristics of participants according to the DASH score categoriesa

DASH score ranges

DS1 (9–20) DS2 (21–25) DS3 (26–30) DS4 (31–39)

n (%) 8698 (17.9) 23 237 (47.8) 14 666 (30.2) 2032 (4.2)

Men % 3738 (43.0) 9783 (42.1) 6275 (42.8) 862 (42.4)

Age (y)b 52.7569.16 51.9368.87 51.6068.67 53.2669.32

BMI (kg/m2)b 25.4765.27 26.41 65.35 27.59 65.37 28.39 65.06

Waist-to-hipb 0.95 6 0.08 0.95 6 0.08 0.96 6 0.08 0.97 6 0.07

Smoker ever, %b 1659 (18.1) 4037(17.4) 2424 (16.5) 286 (14.1)

Pack-years of smoking, %b

0 7039 (80.9) 19 200 (82.6) 12 242 (83.5) 1 746 (85.9)

0.1–5 474 (5.4) 1302 (5.6) 821 (5.6) 103 (5.1)

5.1–10 230 (2.6) 604 (2.6) 372 (2.5) 40 (2.0)

10.1–20 368 (4.2) 826 (3.6) 523 (3.6) 52 (2.6)

20< 587 (6.7) 1305 (5.6) 708 (4.8) 91 (4.5)

Alcohol ever used, %b 214 (2.5) 707 (3.0) 649 (4.4) 111 (5.5)

Opium ever used, %b 1770 (20.3) 4083 (17.6) 2144 (14.6) 222 (10.9)

History of diabetes, %b 209 (2.4) 1127 (4.9) 1499 (10.2) 536 (26.4)

History of hypertension, %b 1590 (18.3) 4286 (18.4) 3152 (21.5) 575 (28.3)

Wealth score, %b

1st quartile 3181 (36.6) 6951 (29.9) 2900 (19.8) 253 (12.5)

2nd quartile 2393 (27.5) 5669 (24.4) 2960 (20.2) 338 (16.6)

3rd quartile 1957 (22.5) 5661 (24.4) 3703 (25.2) 512 (25.2)

4th quartile 1167 (13.4) 4956 (21.3) 5103 (34.8) 929 (45.7)

Physical activity, %b

1st tertile 3091 (35.6) 8042 (34.7) 5263 (36.0) 758 (37.4)

2nd tertile 2678 (30.9) 7438 (32.1) 4549 (31.1) 678 (33.4)

3rd tertile 2908 (33.5) 7710 (33.2) 4816 (32.9) 592 (29.2)

Total energy intake (kcal)b 1, 978.956592.33 2, 129.596587.80 2306.856579.10 2302.456524.90

Total dietary fibre (g/d)b,c 20.7860.04 22.2760.02 23.9260.03 26.4060.08

Dietary calcium (mg/d)b,c 624.0961.96 683.9661.19 762.9161.51 855.3164.01

Dietary magnesium (mg/d)b,c 433.0360.74 447.6460.45 458.5460.45 488.0261.51

Dietary potassium (mg/d)b,c 2654.7264.31 2764.1062.61 2967.0863.32 3241.5968.85

Saturated fatty acids (g/d)b,c 40.7460.13 40.5960.08 39.4160.10 34.7560.27

Monounsaturated fatty acids (g/d)b,c 18.8360.04 19.2760.03 19.8360.03 19.8760.09

Polyunsaturated fatty acids (g/d)b,c 9.09 60.06 9.7160.04 10.1060.05 12.5460.12

Trans-fatty acids (g/d)b,c 0.4160.002 0.3860.001 0.3360.001 0.2560.004

Components of the DASH score

Fruit (servings/d)b 0.8160.66 1.2961.09 2.1061.51 2.9461.92

Vegetables (servings/d)b 0.7460.39 1.1060.65 1.6460.90 2.1861.15

Whole grains (servings/d)b 0.9260.51 1.1060.50 1.1660.50 1.2160.49

Nuts and legumes (servings/d)b 0.1860.18 0.3460.31 0.5560.45 0.7160.68

Low-fat dairy (servings/d)b 0.3360.27 0.5060.36 0.7560.46 0.9760.51

Red and processed meats (servings/d)b 0.55 60.55 0.5360.60 0.5260.62 0.3760.60

Sweetened beverages and sweets (servings/d)b 3.8562.48 3.1562.37 2.5662.08 1.4061.19

Sodium (mg/d)b 4723.5361761.98 4718.4161614.99 4832.7261574.12 4558.3561492.07

DS, DASH score; BMI, Body mass index.
aValues are means 6 SDs for continuous variables and percentages for categorical variables.
bThese variables were statistically different across the DASH score range (P< 0.001), ANCOVA for quantitative variables and v 2 test for qualitative variables.
cEnergy adjusted.
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Table 2. Hazard ratios for total mortality, according to the DASH score categoriesa

DASH score range

DS1 (9–20) DS2 (21–25) DS3 (26–30) DS4 (31–39) P-value for trend

Women

No. of person-years 4960 13454 8391 1170

No. of deaths 579 1418 845 161

Model 1b 1.00 0.94 (0.86, 1.04) 0.91 (0.82, 1.02) 1.08 (0.90, 1.28) 0.712

Model 2c 1.00 0.98 (88, 1.08) 1.00 (0.90, 1.12) 1.27 (1.06, 1.52) 0.078

Model 3d 1.00 0.92 (0.84, 1.02) 0.86 (0.77, 0.97) 0.90 (0.75, 0.99) 0.034

Men

No. of person-years 3 738 9 783 6 275 862

No. of deaths 819 1, 795 990 156

Model 1b 1.00 0.92 (0.85, 1.00) 0.84 (0.76, 0.92) 0.84 (0.70, 0.99) <0.001

Model 2c 1.00 0.96 (88, 1.04) 0.94 (0.86, 1.04) 1.02 (0.86, 1.22) 0.615

Model 3d 1.00 0.94 (0.86, 1.02) 0.87 (0.79, 0.96) 0.82 (0.68, 0.98) 0.003

Pooled

Model 1b 1.00 0.90 (0.85, 0.97) 0.82 (0.76, 0.89) 0.86 (0.75, 0.97) <0.001

Model 2c 1.00 0.97 (0.91, 1.03) 0.97 (0.90, 1.04) 1.13 (1.00, 1.28) 0.414

Model 3d 1.00 0.94 (0.88, 1.00) 0.87 (0.81, 0.94) 0.86 (0.75, 0.98) <0.001

DS, DASH score.
aCox proportional hazards regression models for estimating HRs and 95% CIs.
bModel 1: adjusted for age and energy intake.
cModel 2: additionally adjusted for gender (except when stratified by gender), BMI, smoking, opium use, wealth score and physical activity.
dModel 3: additionally adjusted for history of diabetes, history of hypertension.

Figure 1. Multivariate hazard ratios of DASH score categories for total mortality according to risk factor status at baseline (Cox proportional hazards

regression models for estimating HRs and 95% CIs, multivariable models were adjusted for age, energy intake, sex, BMI, smoking, opium use, wealth

score, physical activity, history of diabetes and history of hypertension, except for the respective stratifying factor). Data are reported as HR (95% CI).

DASH score categories: DS1: 9–20, DS2: 21–25, DS3: 26–30, and DS4: 31–39. A, BMI lower than 25 vs 25–30 and �30 (P¼ 0.187 for interaction); B, age

<50 years vs �50 years (P¼ 0.260 for interaction); C, non-smokers vs smokers (P¼ 0.067 for interaction); D, wealth score below median vs above me-

dian (P¼ 0.024 for interaction); E, no diabetes vs diabetes (P¼ 0.179 for interaction); and F, no hypertension vs hypertension (P¼ 0.521 for interaction).

Ref indicates reference group.

International Journal of Epidemiology, 2019, Vol. 48, No. 6 1829

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/48/6/1824/5485781 by guest on 25 April 2024



Table 3. Hazard ratiosa for cause-specific mortality, according to the DASH score range

DASH score range

Cause of death DS1 (9–20)

(n¼8, 698)

DS2 (21–25)

(n¼23, 237)

DS3 (26–30)

(n¼14, 666)

DS4 (31–39)

(n¼2, 032)

P-value

for trend

Cardiovascular disease

Women

No. of deaths 223 608 365 79

Model 1b 1.00 1.07 (0.91, 1.24) 1.06 (0.90, 1.25) 1.40 (1.08, 1.82) 0.064

Model 2c 1.00 1.10 (0.94, 1.28) 1.15 (0.97, 1.37) 1.64 (1.26, 2.1) 0.002

Model 3d 1.00 1.02 (0.87, 1.19) 0.93 (0.78, 1.11) 1.05 (0.80, 1.38) 0.722

Men

No. of deaths 315 668 417 78

Model 1b 1: 00 0.90 (0.79, 1.03) 0.95 (0.82, 1.10) 1.11 (0.87, 1.43) 0.667

Model 2c 1: 00 0.91 (0.79, 1.04) 0.98 (0.84, 1.14) 1.19 (0.92, 1.53) 0.359

Model 3d 1: 00 0.89 (0.78, 1.02) 0.88 (0.76, 1.03) 0.91 (0.70, 1.18) 0.246

Pooled

Model 1b 1: 00 0.95 (0.86, 1.05) 0.96 (0.85, 1.07) 1.18 (0.98, 1.41) 0.416

Model 2c 1: 00 0.99 (0.90, 1.10) 1.06 (0.94, 1.19) 1.38 (1.15, 1.65) 0.004

Model 3d 1: 00 0.95 (0.86, 1.05) 0.91 (0.81, 1.05) 0.97 (0.81, 1.17) 0.99

Cancer:

All cancer

Women

No. of deaths 134 257 152 20

Model 1b 1.00 0.713 (0.58, 0.88) 0.66 (0.52, 0.84) 0.55 (0.34, 0.88) 0.001

Model 2c 1.00 0.73 (0.59, 0.90) 0.71 (0.56, 0.90) 0.62 (0.38, 100) 0.007

Model 3d 1.00 0.72 (0.58, 0.89) 0.69 (0.54, 0.89) 0.58 (0.36, 0.95) 0.003

Men

No. of deaths 176 392 163 25

Model 1b 1.00 0.92 (0.77, 1.10) 0.62 (0.50, 0.77) 0.61 (0.40, 0.93) 0.001

Model 2c 1.00 0.97 (0.81, 1.17) 0.73 (0.58, 0.91) 0.81 (0.52, 1.24) 0.008

Model 3d 1.00 0.96 (0.80, 1.15) 0.70 (0.56, 0.87) 0.71 (0.45, 0.98) <0.001

Pooled

Model 1b 1.00 0.80 (0.70, 0.92) 0.61 (0.52, 0.71) 0.55 (0.40, 0.75) <0.001

Model 2c 1.00 0.86 (0.75, 0.99) 0.72 (0.61, 0.85) 0.71 (0.52, 0.98) <0.001

Model 3d 1.00 0.85 (0.74, 0.98) 0.70 (0.59, 0.82) 0.65 (0.47, 0.90) <0.001

GI cancer

Women

No. of deaths 60 122 64 11

Model 1b 1.00 0.77 (0.56, 1.05) 0.64 (0.45, 0.92) 0.67 (0.35, 1.28) 0.026

Model 2c 1.00 0.80 (0.58, 1.09) 0.72 (0.50, 1.04) 0.82 (0.42, 1.59) 0.156

Model 3d 1.00 0.79 (0.58, 1.08) 0.70 (0.48, 1.01) 0.76 (0.39, 1.49) 0.104

Men

No. of deaths 114 208 90 12

Model 1b 1.00 0.76 (0.60, 0.95) 0.53 (0.40, 0.70) 0.45 (0.25, 0.82) <0.001

Model 2c 1.00 0.79 (0.63, 0.99) 0.61 (0.46, 0, 82) 0.58 (0.32, 1.07) 0.001

Model 3d 1.00 0.78 (0.62, 0.99) 0.60 (0.45, 0.81) 0.55 (0.30, 0.99) <0.001

Pooled

Model 1b 1.00 0.73 (0.61, 0.88) 0.53 (0.43, 0.67) 0.49 (0.32, 0.76) <0.001

Model 2c 1.00 0.79 (0.66, 0.96) 0.65 (0.52, 0.82) 0.67 (0.43, 1.05) <0.001

Model 3d 1.00 0.79 (0.65, 0.95) 0.64 (0.51, 0.80) 0.63 (0.40, 0.99) <0.001

Lung cancer

Women

No. of deaths 5 6 8 0

Model 1b 1.00 0.45 (0.14, 1.48) 0.95 (0.30, 2.99) 0 0.701

Model 2c 1.00 0.45 (0.14, 1.49) 0.96 (0.30, 3.09) 0 0.706

(Continued)
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Table 3. Continued

DASH score range

Cause of death DS1 (9–20)

(n¼8, 698)

DS2 (21–25)

(n¼23, 237)

DS3 (26–30)

(n¼14, 666)

DS4 (31–39)

(n¼2, 032)

P-value

for trend

Model 3d 1.00 0.43(0.13, 1.44) 0.85 (0.26, 2.81) 0 0.536

Men

No. of deaths 20 36 15 1

Model 1b 1.00 0.75(0.43, 1.30) 0.52 (0.26, 1.03) 0.23 (0.30, 1.68) 0.022

Model 2c 1.00 0.86(0.49, 1.51) 0.67 (0.33, 1.35) 0.34 (0.05, 2.65) 0.157

Model 3d 1.00 0.86(0.49, 1.50) 0.64 (0.32, 1.31) 0.30 (0.04, 2.39) 0.127

Pooled

Model 1b 1.00 0.64(0.39, 1.05) 0.54 (0.30, 0.96) 0.15 (0.02, 1.10) 0.008

Model 2c 1.00 0.77(0.46, 1.27) 0.75 (0.41, 1.37) 0.25 (0.03, 1.84) 0.155

Model 3d 1.00 0.75(0.45, 1.25) 0.71 (0.39, 1.30) 0.20 (0.3, 1.57) 0.101

Other cancer

Women

No. of deaths 69 129 80 9

Model 1b 1.00 0.68 (0.51, 0.92) 0.66 (0.47, 0.91) 0.48 (0.24, 0.97) 0.008

Model 2c 1.00 0.69 (0.52, 0.93) 0.69 (0.49, 0.95) 0.52 (0.26, 1.04) 0.020

Model 3d 1.00 0.69 (51, 0.93) 0.67 (0.48, 0.94) 0.50 (0.24, 0.99) 0.016

Men

No. of deaths 42 148 58 12

Model 1b 1.00 1.45 (1.03, 2.05) 0.93 (0.62, 1.39) 1.24 (0.65, 2.36) 0.570

Model 2c 1.00 1.55 (1.10, 2.19) 1.08 (0.72, 1.64) 1.62 (0.84, 3.14) 0.597

Model 3d 1.00 1.51 (1.07, 2.13) 1.00 (0.66, 1.52) 1.26 (0.64, 2.47) 0.858

Pooled

Model 1b 1.00 0.96 (0.77, 1.19) 0.75 (0.58, 0.97) 0.74 (0.46, 1.18) 0.013

Model 2c 1.00 1.00 (0.80, 1.25) 0.83 (0.64, 1.08) 0.87 (0.54, 1.41) 0.149

Model 3d 1.00 0.99 (0.79, 1.23) 0.79 (0.61, 1.03) 0.77 (0.47, 1.24) 0.051

Respiratory

Women

No. of deaths 30 76 41 5

Model 1b 1.00 1.02 (0.67, 1.56) 0.94 (0.58, 1.52) 0.70 (0.27, 1.82) 0.502

Model 2c 1.00 1.06 (0.69, 1.62) 1.12 (0.69, 1.80) 1.07 (0.41, 2.81) 0.672

Model 3d 1.00 1.03 (0.67, 1.58) 1.03 (0.64, 1.68) 0.81 (0.30, 2.17) 0.902

Men

No. of deaths 63 114 52 1

Model 1b 1.00 0.81 (0.59, 1.10) 0.66 (0.45, 0.96) 0.08 (0.01, 0.55) 0.001

Model 2c 1.00 0.87 (0.64, 1.19) 0.83 (0.57, 1.21) 0.12 (0.01, 0.93) 0.056

Model 3d 1.00 0.88 (0.64, 1.20) 0.84 (0.57, 1.22) 0.13 (0.2, 0.94) 0.062

Pooled

Model 1b 1.00 0.84 (0.65, 1.07) 0.69 (0.51, 0.92) 0.27 (0.12, 0.61) <0.001

Model 2c 1.00 0.94 (0.73, 1.20) 0.92 (0.68, 1.23) 0.47 (0.20, 1.08) 0.190

Model 3d 1.00 0.92 (0.72, 1.19) 0.89 (0.66, 1.19) 0.41 (0.17, 0.95) 0.104

Infections

Women

No. of deaths 22 51 35 6

Model 1b 1.00 0.92 (0.56, 1.52) 1.05 (0.61, 1.82) 1.08 (0.44, 2.70) 0.707

Model 2c 1.00 0.95 (0.57, 1.57) 1.13 (0.65, 1.96) 1.22 (0.48, 3.08) 0.514

Model 3d 1.00 0.92 (0.56, 1.52) 1.03 (0.59, 1.80) 0.96 (0.37, 2.48) 0.908

Men

No. of deaths 36 61 37 4

Model 1b 1.00 0.74 (0.49, 1.12) 0.78 (0.49, 1.26) 0.51 (0.18, 1.45) 0.189

Model 2c 1.00 0.79 (0.52, 1.20) 0.98 (0.61, 1.59) 0.77 (0.27, 2.21) 0.836

Model 3d 1.00 0.78 (0.51, 1.17) 0.90 (0.55, 1.45) 0.61 (0.21, 1.77) 0.478

(Continued)
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the median wealth score than those below it, in partici-

pants without diabetes than those with diabetes, and in

those with hypertension rather than normotensive partici-

pants (Figure 3). Additionally, adherence to DASH diet

and gastrointestinal cancer mortality were similar across

all strata, except across wealth score strata. A stronger in-

verse association was observed in individuals with an

above-median wealth score compared with those with

below-median wealth scores (Figure 4). The HRs and 95%

CIs of these figures are provided in the Supplementary

Tables 1–4, available as Supplementary data at IJE online.

In respect of each component of the DASH score, the

most noticeable finding was that vegetables, nuts and

legumes and low-fat dairy intakes were associated with

greater reduced risk of overall mortality and all cancer,

gastrointestinal cancer and other cancer mortality

(Supplementary Table 5, available as Supplementary data

at IJE online). Association between DASH score and

Table 3. Continued

DASH score range

Cause of death DS1 (9–20)

(n¼8, 698)

DS2 (21–25)

(n¼23, 237)

DS3 (26–30)

(n¼14, 666)

DS4 (31–39)

(n¼2, 032)

P-value

for trend

Pooled

Model 1b 1.00 0.79 (0.57, 1.08) 0.84 (0.59, 1.20) 0.70 (0.36, 1.37) 0.304

Model 2c 1.00 0.85 (0.62, 1.17) 1.03 (0.72, 1.48) 0.97 (0.49, 1.92) 0.795

Model 3d 1.00 0.83 (0.60, 1.13) 0.94 (0.65, 1.35) 0.76(0.38, 1.53) 0.629

Injuries

Women

No. of deaths 15 56 32 4

Model 1b 1.00 1.42 (0.80, 2.51) 1.31 (0.70, 2.44) 1.13 (0.37, 3.43) 0.688

Model 2c 1.00 1.43 (0.81, 2.54) 1.34 (0.71, 2.53) 1.18 (0.38, 3.61) 0.617

Model 3d 1.00 1.45 (0.82, 2.58) 1.39 (0.74, 2.63) 1.32 (0.42, 4.1) 0.470

Men

No. of deaths 50 104 57 7

Model 1b 1.00 0.80 (0.57, 1.12) 0.68 (0.46, 1.00) 0.59 (0.27, 1.31) 0.061

Model 2c 1.00 0.84 (0.60, 1.18) 0.78 (0.52, 1.16) 0.74 (0.33, 1.65) 0.220

Model 3d 1.00 0.83 (0.59, 1.16) 0.75 (0.50, 1.11) 0.64 (0.29, 1.47) 0.131

Pooled

Model 1b 1.00 0.90 (0.67, 1.20) 0.76 (0.55, 1.05) 0.65 (0.34, 1.24) 0.068

Model 2c 1.00 0.98 (0.73, 1.30) 0.91 (0.65, 1.27) 0.84 (0.44, 1.60) 0.463

Model 3d 1.00 0.97 (0.73, 1.30) 0.90 (0.64, 1.25) 0.81 (0.42, 1.56) 0.401

Other causes

Women

No. of deaths 52 129 90 22

Model 1b 1.00 0.96 (0.70, 1.33) 1.10 (0.77, 1.55) 1.62 (0.97, 2.67) 0.086

Model 2c 1.00 1.00 (0.73, 1.38) 1.20 (0.84, 1.72) 1.97 (1.17, 3.23) 0.016

Model 3d 1.00 0.91 (0.66, 1.26) 0.94 (0.66, 1.34) 1.11 (0.65, 1.89) 0.834

Men

No. of deaths 58 151 106 13

Model 1b 1.00 1.11 (0.82, 1.50) 1.31 (0.95, 1.82) 1.00 (0.55, 1, 83) 0.247

Model 2c 1.00 1.16 (0.85, 1.57) 1.48 (1.05, 2.06) 1.23 (0.67, 2, 28) 0.042

Model 3d 1.00 1.09 (0.80, 1.48) 1.23 (0.87, 1.72) 0.75 (0.40, 1.41) 0.819

Pooled

Model 1b 1.00 1.02 (0.82, 1.27) 1.16 (0.92, 1.47) 1.27 (0.87, 1.86) 0.086

Model 2c 1.00 1.80 (0.87, 1.34) 1.33 (1.05, 1.70) 1.58 (1.00, 2.34) 0.002

Model 3d 1.00 1.00 (0.80, 1.25) 1.07 (0.84, 1.38) 0.93 (0.63, 1.34) 0.826

DS, DASH score; GI, gastrointestinal.
aCox proportional hazards regression models for estimating HRs and 95% CIs.
bModel 1: adjusted for age and energy intake.
cModel 2: additionally adjusted for gender (except when stratified by gender), BMI, smoking, opium use, wealth score and physical activity.
dModel 3: additionally adjusted for history of diabetes, history of hypertension.
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Figure 2. Multivariate HRs of DASH score categories for CVD according to risk factor status at baseline (Cox proportional hazards regression models

for estimating HRs and 95% CIs, multivariable models were adjusted for age, energy intake, sex, BMI, smoking, opium use, wealth score, physical ac-

tivity, history of diabetes and history of hypertension, except for the respective stratifying factor). Data are reported as HR (95% CI). DASH score cate-

gories: DS1: 9–20, DS2: 21–25, DS3: 26–30, and DS4: 31–39. A, BMI <25 vs 25–30 and �30 (P¼ 0.054 for interaction); B, age <50 years vs �50 years

(P¼ 0.440 for interaction); C, non-smokers vs smokers (P¼ 0.029 for interaction); D, wealth score below median vs above median (P¼ 0.565 for inter-

action); E, no diabetes vs diabetes (P¼ 0.625 for interaction); and F, no hypertension vs hypertension (P¼ 0.234 for interaction). Ref indicates refer-

ence group.

Figure 3. Multivariate hazard ratios of DASH score categories for all cancers according to risk factor status at baseline (Cox proportional hazards re-

gression models for estimating HRs and 95% CIs, multivariable models were adjusted for age, energy intake, sex, BMI, smoking, opium use, wealth

score, physical activity, history of diabetes and history of hypertension, except for the respective stratifying factor). Data are reported as HR (95% CI).

DASH score categories: DS1: 9–20, DS2: 21–25, DS3: 26–30, and DS4: 31–39. A, BMI <25 vs 25–30 and �30 (P¼ 0.917 for interaction); B, age <50 years

vs �50 years (P¼ 0.562 for interaction); C, non-smokers vs smokers (P¼ 0.172 for interaction); D, wealth score below median vs above median

(P¼ 0.657 for interaction); E, no diabetes vs diabetes (P¼ 0.751 for interaction); and F, no hypertension vs hypertension (P¼ 0.918 for interaction). Ref

indicates reference group.
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deaths from respiratory disease showed that the adjusted

HR tended to be significant only in men (HR: 0.13; 95%

CI: 0.2, 0.94; P for trend ¼0.062). After controlling for po-

tential confounders, there was no significant association

between adherence to DASH score and mortality from

infections, injuries and other causes in either sex (Table 3).

Discussion

In this large prospective cohort study, we found greater ad-

herence to a DASH diet pattern was associated with a 14–

35% reduced risk of death overall and mortality due to all

cancers. Furthermore, we found no association between the

DASH diet pattern and risk of CVD mortality. A sex-specific

analysis revealed that the highest versus lowest categories of

DASH score were associated with a 45–87% reduced risk of

gastrointestinal cancer mortality and respiratory disease

deaths only in men, and with a 50% lower risk of mortality

due to other cancers only in women.

To our knowledge, this is the first cohort evaluating the

association between adherence to a DASH-style diet and

mortality in the Middle East, with its special dietary prop-

erties. Our finding was consistent with previous investiga-

tions, in which greater accordance with the DASH-style

diet was associated with decreased risk of overall and

cancer mortality.24 However, we found no significant asso-

ciations between DASH score and death from cardiovascu-

lar causes; such findings have also been reported in the

Nurses’ Health Study and Women’s Health Initiative co-

hort study,5,25 in contrast to the previously reported results

from the Multiethnic Cohort and the Singapore Chinese

Heath Study, in which DASH score was more strongly as-

sociated with CVD than with cancer mortality.26,27 In our

study, this association was observed in individuals younger

than 50 years of age and smokers. This discrepancy may be

due to variations in the baseline risk and dissimilarities in

measurement of contributory factors in diverse popula-

tions. Furthermore, the limitation of FFQs for assessment

of sodium intake, as a pivotal factor in the DASH score

calculation, may have contributed to such a finding.

Conformity to the DASH diet and its association with

risk of gastrointestinal cancer and other cancer (except

lung cancer) mortality were considerably different between

the sexes. Additionally, no association was revealed for

lung cancer mortality in either men or women. To our

knowledge, the association between DASH score and mor-

tality from specific cancers has been assessed in few stud-

ies, indicating conflicting results.8,28–32 Discrepancy in the

results might be explained by the fact that cancer is a het-

erogeneous endpoint, and nutritional factors may have

Figure 4. Multivariate hazard ratios of DASH score categories for all gastrointestinal cancers according to risk factor status at baseline (Cox propor-

tional hazards regression models for estimating HRs and 95% CIs, multivariable models were adjusted for age, energy intake, sex, BMI, smoking,

opium use, wealth score, physical activity, history of diabetes and history of hypertension, except for the respective stratifying factor). Data are

reported as HR (95% CI). DASH score categories: DS1: 9–20, DS2: 21–25, DS3: 26–30, and DS4: 31–39. A, BMI <25 vs 25–30 and �30 (P¼ 0.801 for in-

teraction); B, age <50 years vs �50 years (P¼ 0.970 for interaction); C, non-smokers vs smokers (P¼ 0.134 for interaction); D, wealth score below me-

dian vs above median (P¼ 0.637 for interaction); E, no diabetes vs diabetes (P¼ 0.527 for interaction); and F, no hypertension vs hypertension

(P¼ 0.568 for interaction). Ref indicates reference group.
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played a more notable role in the cause of specific cancers.

It is difficult to explain the sex-based differences in find-

ings, but they might be related to heterogeneity of the base-

line risk and dissimilarity of the hormone-dependent

cancers between sexes.

Associations between some components of a DASH-

style diet and mortality have also been previously

shown.12,13,33–35 However, our analysis of individual food

items of the DASH diet suggested that the aggregate of

food items, instead of any specific food items, is associated

with mortality risk. This might be because of nutritional

factors interacting with each other. Several lines of evi-

dence have revealed the role of dietary factors in respira-

tory diseases.36,37 However, studies evaluating the

association between dietary patterns and respiratory death

are limited. Our study is in agreement with Neelakantan

et al.,26 who showed that higher adherence to the DASH

diet pattern was associated with a noticeably decreased

risk of respiratory disease mortality in men, although with

a non-significant trend across categories of the DASH

score. In spite of limited studies related to the role of diet

in infectious diseases,38,39 we noted no association between

adherence to the DASH diet and mortality due to infec-

tious disease. Likewise, no association was observed be-

tween DASH diet pattern and mortality due to injury and

other causes.

The DASH diet may exert its health benefits through

oxidative stress and chronic inflammation modulation.

Adherence to the DASH-style diet is linked to increased an-

tioxidant capacity compared with a normal diet,40,41 im-

plying that this dietary pattern might be attaining the

mixed effect of dietary antioxidants, which may, partly,

clarify the lower mortality risk. Additionally, other impor-

tant dietary elements of the DASH diet, such as fibre and a

low exposure to N-nitroso compounds, heterocyclic

amines, polycyclic aromatic hydrocarbons and heme-iron

caused by limited intake of red and processed meat, poten-

tially inhibit initiation and progression of cancers.42–44

Furthermore, an association between low-grade inflamma-

tory state and risk of CVD and neoplasms has been pro-

posed by several studies.45,46 DASH diet consumption has

also been indicated to beneficially affect systemic inflam-

mation in individuals at risk of CVD or cancer.47–49

It seems that the inverse association we found between

DASH score and mortality is less likely to be due to con-

founding by an overall healthy lifestyle, because it was ob-

served despite the large differences in underlying

confounding structure between the European/American

studies and the current population. In our study, the people

in the highest level of DASH score had higher BMI, alcohol

consumption and a history of diabetes or hypertension. In

contrast, in most previous reports from Western

populations,8,50,51 people with higher adherence to the

DASH diet were more likely to have healthier lifestyles.

Even though opium use is known to be an important risk

factor for death in this population,52 the inverse associa-

tion between DASH score and mortality did not change af-

ter adjustment for opium use and other potential

confounders, suggesting that this association was indepen-

dent of other known confounders and risk factors.

Our results showed that higher conformity with the

DASH diet is associated with lower risk of overall mortal-

ity and mortality from CVD among current smokers, who

are regarded as individuals with high oxidative stress sta-

tus.53 This would appear to indicate that people with se-

lected risk factors may benefit more than others from

adherence to a DASH dietary pattern. Likewise, previous

studies reported that risk was lower among smokers with

the highest adherence to the plant-based diets.54,55 This

finding might be due to the ability of some of the main die-

tary recommendations (e.g. high consumption of vegeta-

bles and fruits) to detoxify and scavenge the reactive

oxygen species induced by smoking.56,57 Furthermore, pat-

terns of associations between the DASH score and mortal-

ity differed by age. In individuals younger than 50 years, in

comparison to those aged 50 years or older, stronger asso-

ciations with all-cause and CVD mortality and weaker as-

sociation with cancer mortality were seen. Further studies

are required to elucidate these varying patterns.

The findings of our study indicate that the inverse asso-

ciation between DASH score and mortality was stronger

among participants who had a greater wealth score. It has

been proposed that greater wealth might be accompanied

by beneficial factors, such as better social environments

and lower chronic stress, which may impact outcomes of

health.58 Furthermore, distribution of the population

across quartiles of DS diet was different: the lower number

of participants were in the highest DS category, compared

with lower DS categories. This might be due to low socio-

economic status of the majority of our study participants.

It has been shown that economic access to foods is an im-

portant factor for adherence to the DASH diet.59

The strengths of this study include its prospective na-

ture, large sample size and high participation rate, the ob-

jective measurement of anthropometric data, the relatively

long follow-up time and excellent (99.1 %) retention rate,

and the central adjudication of deaths. Moreover, this

study is the first to assess the association between adher-

ence to a DASH diet and mortality in a general population

in the Middle East region. Dietary intake in Middle-

Eastern populations has its own unique properties, includ-

ing large portion sizes and high intake of refined grains

(white rice and bread). Furthermore, studies in these coun-

tries can provide unique opportunities to find associations
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between dietary patterns and illnesses because of the large

socio-economic variation in the population.60

Limitations of this study include the potential weak-

nesses of FFQs, such as measurement error and recall bias.

However, the FFQ is the most suitable tool for dietary as-

sessment in cohort studies. Furthermore, sodium intake

was not estimated accurately because an accurate estima-

tion required the measurement of 24-h urine sodium excre-

tion, and it is difficult to collect 24-h urine samples in such

a large population. In addition, the nutrient database that

has been used in the analysis for dietary intake data may

be inappropriate for Iranian foods; however, we added our

national dietary data for the analysis of our national food

items. Moreover, due to the observational design of the

study, we cannot conclude that the observed associations

reflect cause and effect; however, the consistency of our

results with previous studies, in the presence of different

underlying patterns of confounding factors, may suggest

causality. In conclusion, a higher adherence to a DASH-

style dietary pattern was significantly associated with

decreased mortality in Iran. This finding suggests that

maintaining a diet similar to the DASH diet could help re-

duce the risk of death from chronic diseases in this and

similar countries.
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