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Abstract

Background: Most studies that have evaluated the association between combined lifestyle factors and mortality outcomes have been
conducted in populations of developed countries.

Objectives: The aim of this study was to examine the association between combined lifestyle scores and risk of all-cause and cause-
specific mortality for the first time among Iranian adults.

Methods: The study population included 50,045 Iranians, 40 — 75 years of age, who were enrolled in the Golestan Cohort Study, between
2004 and 2008. The lifestyle risk factors used in this study included cigarette smoking, physical inactivity, and Alternative Healthy Eating
Index. The lifestyle score ranged from zero (non-healthy) to 3 (most healthy) points. From the study baseline up to analysis, a total of 4691
mortality cases were recorded. Participants with chronic diseases at baseline, outlier reports of calorie intake, missing data, and body mass
index of less than 18.5 were excluded from the analyses. Cox regression models were fitted to establish the association between combined
lifestyle scores and mortality outcomes.

Results: After implementing the exclusion criteria, data from 40,708 participants were included in analyses. During 8.08 years of follow-
up, 3,039 cases of all-cause mortality were recorded. The adjusted hazard ratio of a healthy lifestyle score, compared with non-healthy
lifestyle score, was 0.68 (95% CI: 0.54, 0.86) for all-cause mortality, 0.53 (95% CI: 0.37, 0.77) for cardiovascular mortality, and 0.82 (95%
ClI: 0.53, 1.26) for mortality due to cancer. When we excluded the first two years of follow up from the analysis, the protective association
between healthy lifestyle score and cardiovascular death did not change much 0.55 (95% CI: 0.36, 0.84), but the inverse association with
all-cause mortality became weaker 0.72 (95% ClI: 0.55, 0.94), and the association with cancer mortality was non-significant 0.92 (95% Cl:
0.58, 1.48). In the gender-stratified analysis, we found an inverse strong association between adherence to healthy lifestyle and mortality
from all causes and cardiovascular disease in either gender, but no significant relationship was seen with mortality from cancer in men or
women. Stratified analysis of BMI status revealed an inverse significant association between adherence to healthy lifestyle and mortality
from all causes, cardiovascular disease and cancer among non-obese participants.

Conclusion: We found evidence indicating that adherence to a healthy lifestyle, compared to non-healthy lifestyle, was associated with
decreased risk of all-cause mortality and mortality from cardiovascular diseases in Iranian adults.

Keyword: Alternative healthy eating index, Golestan cohort study, life style score, mortality

Cite this article as: Fazel-tabar Malekshah A, Zaroudi M, Etemadi A, Islami F, Sepanlou S, Sharafkhah M, Keshtkar AA, Khademi H, Poustchi H, Hekmatdoost
A, Pourshams A, Feiz-Sani A, Jafari E, Kamangar F, Dawsey SM, Abnet CC, Pharoah PD, Berennan PJ, Boffetta P, Esmaillzadeh A, Malekzadeh R. The combined
effects of healthy lifestyle behaviors on all-cause mortality: The Golestan cohort study. Arch Iran Med. 2016; 19(11): 752 — 761.

Authors’ affiliations: 'Digestive Oncology Research Center, Digestive Disease «Corresponding author and reprints: Ahmad Esmaillzadeh PhD, Department

Research Institute, Shariati Hospital, Tehran University of Medical Sciences,
Tehran, Iran, ?Division of Cancer Epidemiology and Genetics, National Cancer
Institute, Bethesda, Maryland, USA, *Surveillance and Health Services Research,
American Cancer Society, Atlanta, USA, “Endocrinology and Metabolism
Research Center, Tehran University of Medical Sciences, Tehran, Iran,
SDepartment of Clinical Nutrition and Dietetics, Faculty of Nutrition Sciences and
Food Technology, National Nutrition and Food Technology Research Institute,
Shahid Beheshti University of Medical Sciences, Tehran, Iran, ®Department of
Public Health Analysis, School of Community Health and Policy, Morgan State
University, Baltimore, Maryland, USA, "Division of Cancer Epidemiology and
Genetics, National Cancer Institute, Bethesda, Maryland, USA, ®Departments
of Oncology and Public Health and Primary Care, University of Cambridge,
UK, °®International Prevention Research Institute, Lyon, France, ‘°The Tisch
Cancer Institute and Institute for Translational Epidemiology, Mount Sinai
School of Medicine, New York, USA, “Obesity and Eating Habits Research
Center, Endocrinology and Metabolism Molecular -Cellular Sciences Institute,
Tehran University of Medical Sciences, Tehran, Iran, *?Endocrinology and
Metabolism Research Center, Endocrinology and Metabolism Clinical Sciences
Institute, Tehran University of Medical Sciences, Tehran, Iran, *Department
of Community Nutrition, School of Nutritional Sciences and Dietetics, Tehran
University of Medical Sciences, Tehran, Iran, **Food Security Research Center,
Department of Community Nutrition, School of Nutrition and Food Science,
Isfahan University of Medical Sciences, Isfahan, Iran.

of Community Nutrition, Isfahan University of Medical Sciences, Isfahan, Iran,
P. O. Box: 81745-151. Tel: +98-311-792-2720, E-mail:esmaillzadeh@hlth.mui.
ac.ir.

Reza Malekzadeh MD, Shariati Hospital, North Kargar St. Digestive Disease
Research Institute, Tehran University of Medical Sciences, Tehran, Iran, P. O. Box:
14117-13135. Tel: +98-21-82415169, E-mail: Reza.Malekzadeh@gmail.com.
Accepted for publication: 31 August 2016

Introduction

everal studies have shown that unhealthy eating habit,
physical inactivity, obesity, alcohol consumption and
cigarette smoking are associated with an increased risk of
mortality.! However, the magnitude of the effects of these
behaviors, both individually and in combination, on overall
health has yet remained unknown.?
Earlier prospective cohort studies have examined the combined
effects of lifestyle factors on various outcomes.? Adherence to
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a healthy lifestyle has been linked with a lower risk of mortality.
However, there is still no scientific consensus as to how to
define a healthy behavior combining all lifestyle risk factors.!
This is particularly important in terms of incorporating a healthy
diet in the score. Most studies that assessed lifestyle score have
considered a healthy diet as high intake of fruits and vegetables.>’
Some investigations have used healthy eating index to define
healthy eating.? It must also be kept in mind that most previous
studies on lifestyle score and mortality have used data from a
food frequency questionnaire to assess long term dietary intakes.
We are aware of only one study that has used alternative healthy
eating Index (AHEI), as a measure of a healthy diet, to examine
the link between a healthy lifestyle and mortality.

Almost all previous studies on the association of healthy
lifestyle and mortality came from western nations and there is no
report available on this association from developing countries, in
particular from Middle Eastern countries, where many components
of lifestyle may be different from those in developed countries.!
In addition, the results of earlier studies have not been controlled
for some potential confounding factors, including socioeconomic
status.2®12 We therefore constructed a composite score for a
healthy lifestyle in a developing country and aimed to examine
the association between a healthy lifestyle and mortality from all
causes, cardiovascular disease, and cancer in a prospective cohort
study in Iranian adults.

Methods

Study population

A total of 50,045 cancer-free subjects, aged 40 — 75 years,
residing in Gonbad, Ag-Qala and Kalaleh counties in Golestan
Province were enrolled between January 2004 and June 2008 in
the Golestan Cohort Study (GCS). The majority of people in the
study catchment area were of Turkmen ethnicity. All participants
were asked to provide a written informed consent. The ethical
review boards of the Digestive Disease Research Institute (DDRI)
of Tehran University of Medical Sciences, the US National
Cancer Institute (NCI) and the International Agency for Research
on Cancer approved the study.?34

In the current analysis, we excluded participants who reported
a total daily energy intake of < 800 kcal (n = 271) and > 4200
kcal (n = 219), those with self-reports of cardiovascular disease
(n = 3015) or type 2 diabetes (n = 3412) at the study baseline,
and those with missing data on required variables (n = 699). We
also excluded subjects with a body mass index (BMI) of < 18.5
(n = 2345), because they might have lost weight secondary to
preclinical diseases. Finally, 40,708 participants were included
in this analysis. Of this population, 3039 cases of death were
identified from the study baseline until June 1, 2015. Mean
duration of follow up was 8.03 years.

Assessment of exposure

Usual dietary intakes of study participants were assessed with a
116-item validated semi-quantitative food frequency questionnaire
(FFQ). Participants were asked to report their usual consumption
frequency of a certain serving of foods in the preceding year on
a daily, weekly or monthly basis through a face-to-face interview
method. Energy and nutrient intakes of each participant were
calculated using the United States Department of Agriculture
(USDA) food composition database that was modified for Iranian
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foods'>® used in previous studies.' A previous year-long
validation study of this FFQ revealed good correlations between
dietary intakes assessed by FFQ and those obtained from 24-days
(two recalls in each month of a year) of 24-h dietary recalls in this
population. The reliability of the FFQ was assessed by comparing
nutrient intakes obtained from the FFQ on two occasions, one year
apart. The correlation coefficients for the reliability of the FFQ for
dietary vitamin E, B-Carotene and vitamin C were 0.78, 0.84 and
0.83, respectively. The energy-adjusted correlation coefficients
between the dietary intakes were obtained from the FFQ and those
from the multiple 24-h dietary recalls were 0.65 for vitamin E,
0.68 for B-Carotene and 0.65 for vitamin C. Intra-class correlation
coefficients were used to measure reproducibility of FFQ ranged
from 0.66 for PUFA to 0.89 for Retinol. Overall, we found that
the FFQ is a reasonably valid measure of the average long-term
dietary intakes.Y

Data on smoking, as well as on the starting and stopping ages and
amount used in different time periods, which captured changes in
use over time. Subjects were considered to be tobacco users if
they had ever used cigarettes at least once a week within a 6
month periodor more.2°2! To assess physical activity, participants
were requested to report their physical activity that spent per day
in light (e.g. Walking), moderate (e.g. Playing volleyball), and
vigorous (e.g. Running) activities.**

Classification of low risk categories

In the present study the previously designed alternative healthy
eating index (AHEI) was applied to examine the adherence of
the study population to the healthy diet. The original AHEI was
composed of 9 components (fruit, vegetables, nuts and soy, the
ratio of white to red meat, cereal fiber, trans fatty acids, the ratio
of polyunsaturated fatty acids to saturated fatty acids, long-term
multivitamin use, and alcohol consumption).%?>2 In the current
study, we modified the original AHEI by including only seven of
the nine components: multivitamin intake was not included due
to the lack of information in the original dataset. We also did not
include alcohol intake, because this is not commonly consumed
in this population (3.3% of the whole population had reported
consuming alcohol). In addition, cereal fiber in the original AHEI
was replaced by total dietary fiber in the current study; because
data on cereal fiber was not available separately. Furthermore,
since consumption of legumes among lIranians is common,?
legumes were listed in the category of “nuts, soy and legumes”.
To construct the index, energy-adjusted intakes of the mentioned
components was obtained based on residual methods.® Then,
participants were classified based on the decile categories of
energy-adjusted intakes of these components. Individuals in
the highest decile of fruits, vegetables, nuts and legumes, the
ratio of white to red meat, dietary fiber, as well as the ratio of
polyunsaturated fatty acids to saturated fatty acids were given the
score of 10 and those in the lowest decile of these items were given
the score of 1. Individuals in the second, third and other deciles of
these components were given the corresponding score. Regarding
trans fatty acids, for which we used hydrogenated fats instead, the
lowest decile was given a score of 10 and the highest decile was
given the score of 1. Those in other deciles were given reverse
score. To compute the AHEI, the scores for individual items were
added, resulting in a minimum score of 7 and a maximum score
of 68. Participants in the highest 40% of AHEI (upper two fifths)
were considered to have a healthy diet.
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For physical activity, the low risk group was defined as those
who had reported the average of at least 30 minutes a day of
physical activity of moderate and vigorous intensity (requiring
> 3 metabolic equivalents an hour, including volleyball, horse
running). Current cigarette smoking was considered for smoking.
The low risk group was defined as those who had never smoked.
To calculate the life style score, we added scores of AHEI, physical
activity, and smoking for individual items, resulting in a minimum
score of 0 and a maximum score of 3.

Assessment of outcome

Mortality ascertainment details have been given previously.?’
Briefly, all study participants were actively followed by annual
telephone calls. Detailed questions were asked regarding their health
status and hospitalization or outpatient proceedings. Following seven
non-successful attempts during a two-week period, researchers
contacted friends or local health workers of participants who were
inaccessible through the follow up. Our follow up method has been
shown to be 99% complete for this cohort. For more acquisition
of a reported death, a general practitioner from the follow-up team
visited the home of the dead person and completed a validated verbal
autopsy questionnaire by interviewing the closest relative of the dead
person. Follow-up team gathered all available and relevant medical
documents from hospitals or pathology centers, either within
the province or neighboring provinces. In addition to the verbal
autopsy, extensive medical documents were retrieved. Previous
studies demonstrated great accuracy (all measures of accuracy
above 81%) and reliability (x > 0.75), for this verbal autopsy. Two
separate internists independently reviewed all documents, and the
cause of death was distinguished with ICD-10 codes (international
classification of diseases, 10" revision) due to circulatory, cancer,
respiratory, digestive, infectious, external (mainly from motor
vehicle crashes or other unintentional injury and suicide), unknown,
or other. For concordant diagnosis results, a third, more experienced
internist reviewed all documents and the two initial diagnoses and
made the final diagnosis.'3?

Assessment of covariates

A structured general questionnaire was used by trained
interviewers to collect data on age (continuous), gender (male,
female), residence area (urban, rural), education (illiterate,
literate), house area (continuous), marital status (married,
single, other), ethnicity (Turkmen, Non Turkmen), alcohol
consumption (yes, no), and opium use (yes, no). Data on
anthropometric measurements, including height, weight, waist
and hip circumferences were also measured according to standard
protocols. BMI was also calculated. To assess the wealth score,
information on ownership of car or motorbike, black and white
TV, color TV, refrigerator, freezer, vacuum cleaner, and washing
machine, as well as having a bath in the home were recorded.
All these information has been previously used to estimate
socioeconomic status in the Golestan Province.?

Statistical analysis

To ensure normal distribution of variables, histogram and
Kolmogorov-Smirnov statistical test were applied. The log-
transformation was applied for non-normally distributed
variables. Comparison of continuous variables across categories
of lifestyle scores was performed using one-way ANOVA.
Distribution of subjects in terms of categorical variables across

categories of lifestyle score was assessed using a Chi-square test.
Proportional hazards assumptions were evaluated by testing the
significance of time-dependent interaction terms for all variables.
Hazard ratios (HRs) and 95% confidence intervals were computed
using Cox proportional hazards regression to estimate unadjusted
and adjusted hazard ratios and 95% confidence intervals for
all-cause and specific-cause deaths in relation to the assumed
exposures. Follow-up time was used as the underlying time
metric. Different regression models were constructed controlling
for age (continuous), sex (categorical), residential area (urban/
rural), score of a wealth score (continuous), ethnicity (Turkmen,
non-Turkmen), and BMI (>=30, < 30). The linear trend of HRs
across increasing lifestyle score was examined by considering
the lifestyle score as an ordinal variable in the analysis. In all
regression models, the lowest lifestyle score was considered as a
reference. In a sensitivity analysis, the first two years of follow-up
were excluded from the analysis. In addition, stratified analyses
were done by gender and BMI status.

Results

During a median of 8.08 years of follow-up and 326711 person
years, 3039 deaths were documented from all causes, including
797 from cancer, 1407 from cardiovascular, and 835 from non-
cancer and cardiovascular. Survival Curve was shown as Figure
1, determined by lifestyle score from without healthy behavior as
zero up to all components have healthy behavior with score of 3.
Table 1 shows the baseline characteristics of the study participants
(n = 40708) according to lifestyle score. Individuals with greater
healthy lifestyle score (HLS) were younger, more likely to be
men, obese, educated and had a higher energy intake, BMI and
waist circumference compared with those with the lowest score.
Cigarette smoking and alcohol use were highly common among
those in the lowest HLS than subjects with the highest HLS.
Distribution of Turkmen participants was higher among those
with the lowest HLS than those with the highest HLS.

Multivariable-adjusted relative risks of mortality from all
causes, cardiovascular disease, and cancer during the 8.08 years
of follow-up according to the HLS are provided in Table 2.
Adherence to healthy lifestyle was associated with a lower risk of
mortality from all causes, cardiovascular disease and cancer. After
controlling for a wide range of confounders, including BMI, those
with the highest score of HLS, had 32% lower risk of mortality
from all causes (RR: 0.68; 95% CI:0.54, 0.86), 47% lower risk of
mortality from cardiovascular disease (0.53; 95% Cl: 0.37, 0.77),
and 18% lower risk of mortality from cancer (0.82; 95% CI: 0.53;
1.26). When participants that recruited in the first two years of
their follow up (n = 604) were excluded in our sensitivity analysis,
the protective association between healthy lifestyle score and all
causes mortality became weaker (0.72; 95% CI: 0.55, 0.94). The
inverse association for mortality from cardiovascular did not alter
much (0.55; 95% CI: 0.36, 0.84), whereas the association with
cancer mortality became non-significant (0.92; 95% CI: 0.58,
1.48). Results are presented in Table 3.

Multivariable-adjusted RRs for mortality across categories of
HLS, separately by gender, are indicated in Table 4. We found an
inverse strong association between adherence to healthy lifestyle
and mortality from all causes and cardiovascular disease in both
sexes. After controlling for potential confounders including BMI,
men with the greatest HLS were 32% less likely to have mortality
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Figure 1. Survival Curve determined by lifestyle score from without healthy behavior as zero up to all components have healthy behavior with score of 3.

Table 1. Baseline characteristics of study (n = 40708) according to lifestyle score”

Lifestyle score

Characteristics P-Value
0 (n=1776) 1 (n = 21558) 2 (n = 15494) 3 (n = 1880)

Continuous
Age, years 51.9 (8.7) 52.0 (9.0) 51.1(8.7) 495 (7.4) <0.001
Energy intake, Kcal 2190(511) 2041 (535) 2349 (551) 2501( 571) <0.001
BMI, Kg/m? 24.2 (4.1) 26.9 (5.2) 27.5 (5.8) 25.9(4.2) <0.001
Waist circumference, Cm 91.9 (12.0) 95.5 (13.0) 96.9 (12.7) 94.2 (12.0) <0.001
Waist to hip ratio 0.94 (0.07) 0.96 (0.08) 0.96 (0.08) 0.95 (0.07) <0.001
Wealth Score 13.6 (7.7) 13.6 (7.8) 15.8 (9.0) 125 (7.2) <0.001

Categorical
Male 1633 (91.9) 7382 (34.2) 6910 (44.6) 1479 (78.7) <0.001
Turkmen (ethnicity) 1575 (88.7) 18095 (83.9) 10198 (65.8) 905 (48.1) <0.001
Rural dweller 1527 (86.0) 18253 (84.7) 11164 (72.1) 1607 (85.5) <0.001
Illiterate 917 (51.6) 16533 (76.7) 9522 (61.5) 1076 (57.2) <0.001
Alcohol drinker 226 (12.7) 584 (2.7) 469 (3.0) 47 (2.5) <0.001
Opium user 966 (54.4) 3175 (14.7) 1784 (11.5) 272 (14.5) <0.001
Current smoker 1776 (100.0) 2037 (9.4) 510 (3.3) 0 (0.0) <0.001
Married 1694 (95.4) 18717 (86.8) 13893 (89.7) 1796 (95.5) <0.001
BMI > 30 Kg/m? 166 (9.3) 5445 (25.3) 4484 (28.9) 320 (17.0) <0.001
Physical activity > 30 minute 0(0.0) 553 (2.6) 2725 (17.6) 1880 (100.0) <0.001

Values are mean (SD) for continuous variables and number (%) for categorical variables.
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Table 2. Risk of mortality during 8.08 years of follow-up according to lifestyle score

Lifestyle score

Outcome P-Trend
0 (n = 1776) 1 (n = 21558) 2 (n = 15494) 3 (n = 1880)

All-cause mortality

Cases 234 (13.2%) 1730 (8.0%) 973 (6.3%) 102 (5.4%)

Person years 1099 8219 4743 499

Unadjusted 1.00 0.59 (0.52 0.68) 0.45(0.39 0.52) 0.40 (0.32 0.51) <0.001

Model 1 1.00 0.69 (0.60 0.79) 0.55 (0.47 0.63) 0.53 (0.42 0.67) <0.001

Model 2 1.00 0.83 (0.72 0.96) 0.72 (0.62 0.84) 0.68 (0.54 0.86) 0.002

Model 3 1.00 0.82 (0.72 0.56) 0.72 (0.62 0.83) 0.68 (0.54 0.86) 0.002

Cardiovascular mortality

Cases 110 (6.2%) 795 (3.7%) 464 (3.0%) 38 (2.0%)

Person years 470 3704 2231 179

Unadjusted 1.00 0.58 (0.48 0.71) 0.46 (0.37 0.57) 0.32 (0.22 0.46) <0.001

Model 1 1.00 0.65 (0.53 0.79) 0.54 (0.44 0.66) 0.43 (0.30 0.62) <0.001

Model 2 1.00 0.76 (0.62 0.95) 0.69 (0.55 0.86) 0.54 (0.37 0.78) < 0.001

Model 3 1.00 0.76 (0.61 0.93) 0.67 (0.54 0.84) 0.53 (0.37 0.77) <0.001

Cancer mortality

Cases 60 (3.4%) 464 (2.2%) 239 (1.5%) 34 (1.8%)

Person years 289 2156 1186 176

Unadjusted 1.00 0.62 (0.47 0.81) 0.43 (0.33 0.57) 0.52 (0.34 0.79) <0.001

Model 1 1.00 0.72 (0.54 0.95) 0.52 (0.38 0.69) 0.67 (0.44 1.02) < 0.001

Model 2 1.00 0.80 (0.61 1.06) 0.64 (0.47 0.86) 0.81 (0.52 1.25) 0.04

Model 3 1.00 0.81 (0.61 1.07) 0.66 (0.48 0.88) 0.82 (0.53 1.26) 0.04

Model 1: adjusted for age and gender; Model 2: additionally adjusted for resident area, ethnicity, socioeconomic status (Wealth Score), marital status,
education, alcohol consumption, and opium use; Model 3: Further controlled for BMI (obese and non-obese)

Table 3. Sensitivity analysis, Risk of mortality during 6.09 years of follow-up according to the lifestyle score

Lifestyle score

Outcome P-Trend
. 0(n=1722) 1(n=21222) 2 (n =15300) 3 (n=1860)
All-cause mortality
Cases 185 1444 825 85
Person years 1050 7919 4577 478
Unadjusted 1.00 0.62 (0.54-0.73) 0.48 (0.41-0.56) 0.42 (0.33-0.55) <0.001
Model 1 1.00 0.72 (0.62-0.84) 0.58 (0.49-0.68) 0.56 (0.43-0.72) <0.001
Model 2 1.00 0.86 (0.73-1.01) 0.76 (0.64-0.90) 0.72 (0.55-0.94) <0.001
Model 3 1.00 0.86 (0.74-1.01) 0.76 (0.64-0.90) 0.72 (0.55-0.94) < 0.001
Cardiovascular mortality
Cases 84 662 388 30
Person years 445 3565 2146 166
Unadjusted 1.00 0.63 (0.50-0.79) 0.49 (0.39-0.63) 0.33 (0.22-0.50) <0.001
Model 1 1.00 0.70 (0.55-0.88) 0.57 (0.45-0.73) 0.44 (0.29-0.67) <0.001
Model 2 1.00 0.82 (0.65-1.05) 0.74 (0.58-0.95) 0.56 (0.36-0.85) 0.002
Model 3 1.00 0.81 (0.64-1.03) 0.72 (0.56-0.93) 0.55 (0.36-0.84) 0.001
Cancer mortality
Cases 47 385 207 31
Person years 272 2071 1153 173
Unadjusted 1.00 0.65 (0.48-0.88) 0.48 (0.35-0.65) 0.61 (0.39-0.96) <0.001
Model 1 1.00 0.76 (0.56-1.04) 0.56 (0.41-0.78) 0.77 (0.49-1.22) 0.001
Model 2 1.00 0.83 (0.60-1.14) 0.69 (0.49-0.96) 0.91 (0.57-1.46) 0.07
Model 3 1.00 0.83 (0.61-1.15) 0.70 (0.58-1.48) 0.92 (0.58-1.48) 0.09

Model 1: adjusted for age and gender; Model 2: additionally adjusted for resident area, ethnicity, socioeconomic status (Wealth Score), marital status,
education, alcohol consumption, opium use; Model 3: Further controlled for BMI (obese and non-obese)
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Table 6. Hazard ratio (95% confidence intervals) of all cause, cardiovascular, and cancer mortality during 8.08 years follow-up

Death from any cause (Relative risk) Cardiovascular death (Relative risk) Cancer death (Relative risk)

1.62 (1.47-1.78)

1.64 (1.43-1.90)

1.50 (1.23-1.82)

1.29 (1.15-1.43)

1.43 (1.22-1.68)

1.27 (1.10-1.58)

1.54 (1.43-1.67)

1.24 (1.12-1.38)

1.81 (1.57-2.10)

1.10 (1.00-1.12)

1.31 (1.17-1.46)

1.42 (1.22-1.71)

Variable
. Unadjusted
Ever V never smoking -
Adjusted
Unadjusted
BMI >25V 18.5-24.9
Adjusted
Unadjusted

Healthy diet score in lower

1.19 (1.11-1.28)

1.11 (1.00-1.23)

1.34 (1.16-1.55)

three fifth V upper two fifth Adjusted

1.10 (1.02-1.20)

1.02 (0.91-1.14)

1.17 (1.06-1.37)

1.36 (1.20-1.53)

1.75 (1.44-2.14)

1.14 (0.92-1.42)

1.52 (1.34-1.73)

2.00 (1.59-2.54)

1.26 (1.02-1.50)

4.37 (4.01-4.77)

5.03 (4.40-5.75)

4.15 (3.51-4.90)

Physical activity < 30 min/ Unadjusted
day V> 30 min/day Adjusted
Unadjusted
Age >50V Age <50 N
Adjusted

3.49 (3.18-3.82)

4.03 (3.50-4.63)

3.50 (2.93-4.17)

level, alcohol, smoking, opium user, AHEI, and physical activity)

Relative risks adjusted for all potential risk factors (Gender, Age, resident area, marital status, socioeconomic status (Wealth Score), ethnicity, education

from all causes (RR: 0.68; 95% CI: 0.52, 0.88) and 49% lower
risk of mortality from cardiovascular disease (0.51; 95% CI: 0.37,
0.71). The corresponding figures in women were 0.49 (95% CI:
0.27,0.91) and 0.45 (95% ClI: 0.17, 0.93), respectively. There was
no significant association between adherence to healthy lifestyle
and mortality from cancer in either gender.

Stratified analysis by BMI status revealed an inverse significant
association between adherence to healthy lifestyle and mortality
from all causes (in non-obese subjects: 0.66; 95% CI: 0.51,
0.86 and in obese participants: 0.76; 95% CI: 0.38, 1.54) and
cardiovascular disease (in non-obese subjects: 0.51; 95% CI: 0.34,
0.77 and in obese participants: 0.64; 95% CI: 0.24, 1.69) among
obese and non-obese participants (Table 5). The association
between HLS and mortality from cancer was significant in non-
obese participants (0.71; 95% CI: 0.47, 0.97), but it was not
significant in obese subjects (1.42; 95% CI: 0.35, 5.70). Table
6 shows the multivariate adjusted relative risk for the high risk
compared with the low risk stratified of lifestyle factors. Cigarette
smoking could increase death from cancer more than other causes
after adjusting for all potential confounders. Cardiovascular death
was more common among obese individuals versus thin people.
Healthy diet was more effective in cancer death in comparison
to non-healthy diet. The high physical activity level was more
effective in cardiovascular death compared to low physical activity.

Discussion

In the current study, during 8.08 years of follow among 40708
middle age Iranian men and women, an inverse association was
found between adherence to healthy lifestyle and risk of mortality.
Based on our knowledge, this is the first study examining the
association between combined healthy lifestyle factors and
mortality in a setting of a developing country. It must be kept
in mind that opium and Hookah are risk factors for mortality.
However, the lifestyle does not include these variables in its
worldwide definition, we preferred not to include these variables
in our definition of lifestyle to make our findings comparable
with other investigations. When lifestyle score, by including
hookah and opium usewas re-defined, our findings did not change
significantly.

With rising age of the population and increased number of elderly

people, identifying the cause of death is very important. Several
studies have assessed contributing factors to mortality worldwide,
among them individual lifestyle related factors have been
assessed extensively. However, limited data are available linking
a combination of lifestyle behaviors to mortality, in particular in
developing nations. We found that healthy lifestyle was associated
with a lower risk of mortality. In the framework of Nurses’ Health
Study, Van Den Brandt, et al. found that adherence to the healthy
lifestyle was inversely related to the risk of mortality in either
gender. When the least-healthy lifestyle was compared to the
healthiest lifestyle, the HRs of 4.07 and 2.61 for mortality were
found in women and men, respectively.?” In addition, Van Dom,
et al. found that the relative risks of mortality among those with
five lifestyle score compared with zero lifestyle score were 3.26
for cancer mortality, 8.17 for cardiovascular mortality, and 4.31
for all-cause mortality.? In an EPIC Potsdam study, Ford, et al.
demonstrated that healthy lifestyle was associated with reduced
risk of chronic diseases. The hazard ratio for developing a chronic
disease decreased progressively as the number of healthy lifestyle
factures increased. Participants with all 4 lifestyle-related factors
at baseline had a 78% lower risk of developing a persistent disease
(diabetes, 93%; myocardial infarction, 81%; stroke, 50%; and
cancer, 36%) than participants without a healthy factor.* The same
findings were also reported from National Health and Nutrition
Examination Survey Il Mortality Study; where the number of
low-risk behaviors was inversely related to the mortality risk.
Compared with contributors who had no low-risk behaviors, those
who had all 4, resulted in reduced all-cause mortality (adjusted
hazard ratio 0.37) and mortality from malignant neoplasm’s
(AHR = 0.34), major cardiovascular disease (AHR = 0.35), and
other causes (AHR = 0.43).2 Hamer, et al. in National Diet and
Nutrition Survey indicateda linear inverse association between
the healthy behavior and mortality risk. Furthermore, they found
that all of the individual healthy behaviors were associated with
a lower risk of mortality.’? Healthy lifestyle was also associated
with a lower risk of mortality in China. Findings from Shanghai
Women’s Health study showed that a healthier lifestyle pattern
was associated with reductions in all-cause and cause-specific
mortality among lifetime non-smoking and non-drinking women.
Adjusted hazard ratios reduced with an increasing number of
healthy lifestyle factors for mortality. Compared to women with
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a score of zero, hazard ratios for women with four to five factors
were 0.57 for total mortality, 0.29 for CVD mortality, and 0.76
for cancer mortality.® In Japan Collaborative Cohort (JACC)
Study, the investigators reported an inverse association between a
combination of 6 healthy lifestyle factors and all-cause mortality.
In a recent meta-analysis based on previous publications, it was
shown that adherence to a healthy lifestyle was associated with
a 66% reduction in the risk of all-cause mortality.” As it is clear
from the above-mentioned studies, all came from non-developing
countries. Our findings are the first report of the same associations
from a Middle Eastern population. In addition, we controlled for a
wide range of confounders, most have not been taken into account
in earlier studies.! Another difference between our study and
previous ones is considering the whole diet in the current study.
Earlier publications have only used fruit and vegetable intake
as a measure of healthy eating in the construction of lifestyle
score.>® Furthermore, despite the shorter duration of follow up in
the current study compared with other studies, we found a strong
inverse relationship indicating the greater importance of lifestyle
in Middle Eastern nations.

When we stratified the analyses by gender and BMI status,
the same associations in the whole population were reached,
except for cancer mortality, where we did not find any significant
association with healthy lifestyle in women and obese people.
This might be explained by the small number of mortality cases.
However, earlier investigations have shown the harmful effects
of obesity on mortality. Some studies have demonstrated that
healthy lifestyle habits were associated with a significant decrease
in mortality regardless of baseline BMI status. Overall, examining
the association between healthy lifestyle and mortality in different
categories of BMI needs further investigations.?2

Healthy lifestyle might influence risk of mortality through several
mechanisms. Physical activity as a component of healthy lifestyle
is associated with beneficial changes in the metabolic profile. An
improved metabolic profile might reduce the prevalence of the
metabolic syndrome and cardiovascular disease through which
it can influence the risk of mortality.* Reductions in cancer
mortality may come from reduced fat stores, increased energy
expenditure, changes in sex hormone levels, improved immune
function, reductions in levels of insulin and insulin-like growth
factors.* Cigarette smoking contains at least 50 carcinogens,® and
a lifetime of not smoking would lead to substantially less exposure
to tobacco carcinogens by reducing smoking-related cancers (i.e.,
lung & bronchus, esophagus, pancreas, bladder, kidney, trachea,
larynx, oral cavity, etc). Overall, a combination of these lifestyle
factors may contribute to reducing most common cancer and total
cancer events.323

This study has several strengths. This is the first report from
developing countries in which the association of combined
healthy lifestyle with mortality was assessed. The study was done
in both rural and urban areas, in either gender and the response
rate was relatively high. The prospective design of the study
minimizes differential misclassification of participants in terms of
exposure. Large sample size and adjustment for several potential
confounders, in particular opium consumption, is strength of the
study. The use of validated methods for assessment of exposure
and outcome must also be taken into account. However, several
limitations should also be considered. As in all observational
studies, despite careful attention to the issue of confounder
adjustment, it is possible that confounding by other unmeasured

or insufficiently controlled risk factors explain the associations.
Due to the use of a FFQ for dietary assessment, some degrees of
measurement error in dietary intake are inevitable. However, the
FFQ we used was previously validated in the same population.
The short follow-up period of the study might also be considered
as a further limitation.

In conclusion, we found that a combination of lifestyle-related
behaviors was inversely associated with the risk of mortality in
the setting of a developing country. The findings of the current
study would provide a strong support for the promotion of healthy
lifestylesby government and the health related organizations in
developing countries.
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