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Abstract
Earlier studies have shown a protective association between adherence to healthy eating guidelines and mental disorders in Western nations;
however, data in this regard are limited from the understudied region of Middle East. We examined the association between adherence to
healthy eating guidelines, as measured by Alternative Healthy Eating Index (AHEI)-2010, and prevalence of anxiety and depression in a large
sample of Iranian adults. In this cross-sectional study, data on dietary intakes of 3363 adult participants were collected using a validated
dish-based 106-item semi-quantitative FFQ. Adherence to healthy eating was quantified using AHEI-2010, as suggested by earlier publications.
The Iranian validated version of Hospital Anxiety and Depression Scale was used to assess anxiety and depression in study participants. Data
on other covariates were gathered using a pre-tested questionnaire. Overall, the prevalence of anxiety and depression was 15·2% (males
10·8% and females 18·3%) and 30·0% (males 22·9% and females 35·1%), respectively. After controlling for potential confounders, those in the
top quartile of AHEI-2010 had a 49% lower chance of anxiety (OR 0·51; 95% CI 0·35, 0·72) and a 45% lower odds of depression (OR 0·55; 95%
CI 0·42, 0·72), compared with those in the bottom quartile. Stratified analysis by sex revealed that women in the highest categories of
AHEI-2010 had a 49% lower odds of having anxiety and depression, after adjustment for confounders, but no significant association
was found in men. In addition, among individuals who were 40 years old or younger, those with high adherence to AHEI-2010 were 58 and
51% less likely to have anxiety and depression, compared with those with less adherence. Adherence to healthy eating was inversely
associated with a lower chance of anxiety and depression in Iranian adults. Prospective studies are required to confirm these associations in
Middle-Eastern populations.
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Common mental disorders, major depression and anxiety in
particular, are highly prevalent in both developed and
developing countries(1,2). It has been estimated that on average
one in five adults, particularly women, suffer from common
mental disorders in their lifetime(2). Reports from Iran have
revealed that anxiety and depressive symptoms affect about
21·0 and 20·8% of the adult population, respectively(3).

A large body of evidence has indicated the association of
modifiable risk factors including poor diet quality and physical
inactivity with common mental disorders(4,5). Observational
studies have indicated that dietary intakes of single nutrients,
foods and food groups including n-3 long-chain fatty acids,
fruits, vegetables, whole grains and fish are associated with
a lower risk of depression(6,7). However, diet–disease relations

Abbreviation: AHEI, Alternative Healthy Eating Index.

* Corresponding author: A. Esmaillzadeh, fax +98 31 3668 1378, email esmaillzadeh@nutr.mui.ac.ir

British Journal of Nutrition (2016), 116, 335–342 doi:10.1017/S0007114516001926
© The Authors 2016

https://doi.org/10.1017/S0007114516001926  Published online by Cam
bridge U

niversity Press

mailto:esmaillzadeh@nutr.mui.ac.ir
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516001926&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516001926&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516001926&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516001926&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516001926&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516001926&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516001926&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516001926&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516001926&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516001926&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516001926&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516001926&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516001926&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1017/S0007114516001926&domain=pdf
https://doi.org/10.1017/S0007114516001926


have mostly been recommended to be examined through
dietary pattern approach rather than individual foods and
nutrients(5,8). Prospective studies have suggested that adher-
ence to healthy dietary pattern, as measured by Alternative
Healthy Eating Index (AHEI), was associated with a reduced
risk of recurrent depressive symptoms in women, but not in
men(9). This favourable association has been attributed to
components of AHEI including vegetables, fruits and the ratio
of PUFA:SFA(9). Moreover, it has been reported that African-
American, as well as Caucasian, adults living in Baltimore who
had high diet quality, as measured by Healthy Eating Index
(HEI)-2005, had fewer depression symptoms(10). Similar findings
have also been reported in National Health and Nutrition
Examination Survey study, in which higher HEI was associated
with a lower risk of depression in the adult population(11,12).
Findings from a meta-analysis of observational studies have also
revealed a significant inverse association between healthy dietary
patterns, identified by factor analysis, and risk of depression(8).
Although earlier studies have reported a protective association

between healthy eating pattern and mental disorders in Western
nations, data in this regard are limited in the understudied region
of the Middle East, where almost all lifestyle components
are significantly different from those in Western countries. In
particular, dietary intakes of Middle-Eastern population have
their own characteristics: large intake of carbohydrates mostly in
the form of refined grains, high intakes of trans and SFA and low
consumption of fruits and vegetables along with lack of alcohol
intake makes their dietary pattern of great interest for the
assessment of diet–disease relations. In addition, different from
Western people, stressful life is highly prevalent in this region,
which might further complicate diet–disease relations in this area.
Therefore, we aimed to examine the association of AHEI with
anxiety and depression in a large sample of Iranian population.

Methods

Participants

This cross-sectional study was carried out within the framework
of the Study on the Epidemiology of Psychological-Alimentary
Health and Nutrition(13), a project that was performed on
Iranian general adults working in fifty different healthcare
centres affiliated to Isfahan University of Medical Sciences
(IUMS). The project included two main phases. In the first
phase, a detailed self-administered questionnaire on socio-
demographic factors and dietary behaviours was distributed
among 10 087 apparently healthy adults, and 8691 individuals
returned the completed questionnaires (response rate: 86·16%).
No significant difference was found between the demographic
data of those who returned the completed questionnaires
and those who did not. In the second phase, another set of
questionnaires was sent out to the same participants to obtain
data on psychological distress and mental disorders (response
rate: 64·64%). After merging data from these two phases, we
had complete information for 4633 participants. Data for 1606
participants could not be used in the merging process because
(1) some of them had no information at phase 1 (did not
complete the questionnaires of first phase), and (2) some did

not complete their identification code in phase 1 or phase 2. In
the current study, participants with energy intakes outside the
range of 3347–17 573 kJ/d (800–4200 kcal/d), as under-reporters
and over-reporters of energy intake, were excluded (<3347 kJ/d
(<800 kcal/d), n 128; >17 579 kJ/d (>4200 kcal/d), n 488). We
also excluded individuals with missing data on dietary intakes,
outcome and covariate variables (n 654). These exclusions
resulted in a data set of 3363 adults who had complete
information on dietary intakes and mental health. A comparison
of the general characteristics of those who were included in the
current study with those who were excluded revealed that there
was no significant difference. All participants provided signed
informed written consent. The study was ethically approved by
the Medical Research Ethics Committee of IUMS, Isfahan, Iran.

Assessment of dietary intakes

Data on dietary intakes were collected using a Willett-format
dish-based 106-item semi-quantitative FFQ, which was
designed and validated specifically for Iranian adults(14).
Detailed information about the design, foods included and the
validity of this questionnaire has been reported elsewhere(14).
In brief, the FFQ contained information on the frequency of
consumption of foods or dishes over the past year, along with
portion sizes commonly used in Iran. A daily value for each
item was calculated based on food composition, specified
portion size and the average reported frequency. Nutrient
intakes were calculated by summing up the nutrient contents
of all foods and dishes. Nutritionist IV software, which was
modified for Iranian foods, was used to obtain nutrient intakes
of each participant. Overall, our previous investigations
revealed that the FFQ provides reasonably valid and reliable
measures of the average long-term intakes of foods(15), food
groups(16) and nutrients(17).

Assessment of adherence to Alternative Healthy
Eating Index

To examine the adherence to the healthy eating guidelines,
we used AHEI-2010 as previously described(18). AHEI-2010
consisted of eleven components: fruit, vegetables, whole grains,
nuts and legumes, long-chain n-3 fats (DHA and EPA), PUFA,
alcohol consumption, sugar-sweetened drinks and fruit juice,
red and processed meats, trans-fat and Na. In the current study,
alcohol consumption was not included into the score, because
of the lack of information in the original data set. To construct
the index, first we obtained energy-adjusted intakes of the
above-mentioned components by using the residual method(19).
Next, participants were classified based on decile categories of
energy-adjusted intakes of these components. As scoring by
deciles would be least prone to misclassification, we used
decile categories of components instead of quantitative
classifications. Individuals in the highest deciles of fruits,
vegetables, whole grains, nuts and legumes, long-chain n-3 fats
and PUFA were given a score of 10, and those in the lowest
deciles of these items were given a score of 1. Individuals in
the other deciles of these components were assigned the
corresponding scores. Regarding sugar-sweetened drinks and
fruit juice, red and processed meat, trans-fatty acids and Na
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intake, the lowest deciles were given a score of 10 and the
highest deciles were given a score of 1. Those in deciles 9, 8, 7,
6, 5, 4, 3 and 2 of these components were given scores of 2, 3, 4,
5, 6, 7, 8 and 9, respectively. The whole AHEI-2010 was
computed through summing up the scores of its components
ranging from 10 to 100.

Assessment of outcomes

The Iranian validated version of Hospital Anxiety and Depression
Scale (HADS) was used to screen for anxiety and depression(20).
HADS is a brief and useful questionnaire to assess psychological
disorders and to measure the symptoms and severity of anxiety
disorders and depression. It contains fourteen items and consists
of two subscales: anxiety and depression. Each item includes
a four-point scale; higher scores indicate an elevated level of
anxiety and depression. Maximum score is 21 for anxiety and
depression. Scores of 8 or more on either subscale were
considered as psychological disorders, and scores of 0–7 were
defined as ‘normal’ in the current study(20).

Assessment of covariates

Data on weight (kg) and height (cm) were gathered using
a self-reported questionnaire. BMI was calculated as weight in
kilograms divided by the square of height in metres. In our
validation study on 200 participants from the same population,
we found that the correlation coefficient between self-reported
and technician-measured weight and height were 0·95
(P< 0·001) and 0·83 (P< 0·001), respectively. The correlation
coefficient for computed BMI from self-reported values and the
one from measured values was 0·70 (P< 0·001). These findings
indicate that the self-reported values of anthropometric indices
provide reasonably valid measures in this population.
Physical activity of study participants was assessed by using

a General Practice Physical Activity Questionnaire (GPPAQ).
This questionnaire is a simple validated screening tool for
ranking adult people’s physical activity by focusing on current
general activities(21). Participants were classified into four
categories: active (>3 h/week), moderately active (1–3 h/week),
moderately inactive (<1 h/week) and inactive (no physical
activity), according to the type and intensity of their physical
activity in work hours and during the weekends. The validity of
the GPPAQ for assessment of habitual physical activity levels
has been previously examined(21).
Additional covariate information regarding age, sex, marital

status, smoking, education levels, family size, house possession,
disease history, current use of anti-psychotic medications
(including nortriptyline, amitriptyline or imipramine, fluoxetine,
citalopram, fluvoxamine and sertraline) and dietary supplements
(including intake of Fe, Ca, vitamins and other dietary supple-
ments) was obtained using self-administered questionnaires.

Statistical analysis

Subjects were categorised based on quartiles of AHEI-2010.
To compare general characteristics and dietary intakes across
quartiles of AHEI-2010, we used one-way ANOVA and χ2 tests

where appropriate. We computed age-, sex- and energy-adjusted
intakes of nutrients and food groups using ANCOVA. Comparison
of dietary intakes across quartiles of AHEI-2010 was performed
using ANCOVA with Bonferroni correction. To find the relation
between AHEI-2010 and odds of anxiety and depression, we
used multivariate logistic regression in different models. First,
we controlled for age (years), sex (male/female), energy intake
(kJ/d (kcal/d)) and BMI (kg/m2). Additional adjustment was
carried out for physical activity (never, <1, 1–3, >3h/week),
smoking (smokers/non-smokers/ex-smokers), marital status
(single/married), educational level (>diploma/≤diploma), family
size (>4/≤ 4 members), house possession (yes/no), self-reported
diabetes (yes/no), current use of anti-psychotic medications
(yes/no) and dietary supplements (yes/no) in the second model.
Stratified analyses were done by sex (men v. women) and age
(≤40 v. >40 years). To calculate the trend of OR across increasing
quartiles of AHEI-2010, we considered AHEI-2010 quartiles as an
ordinal variable. In all analyses, those in the first quartile of
AHEI-2010 were considered as the reference category. Two-tailed
P values<0·05 were considered to be statistically significant.
Statistical package for the social sciences software, version 18
was used for all analyses.

Results

The study sample consisted of 3363 subjects with a mean age
of 36·29 (SD 7·87) years; 58·3% of participants were women.
Main characteristics of study participants across quartiles of
AHEI-2010 are summarised in Table 1. Individuals in the highest
quartile of AHEI-2010 were more likely to be women, older and
more educated, compared with those in the lowest quartile.
There were no significant differences in other demographic
characteristics of participants across categories of AHEI-2010.

Multivariable-adjusted intakes of selected nutrients and food
groups across quartiles of AHEI-2010 are provided in Table 2.
Greater adherence to AHEI-2010 was associated with higher
consumption of protein (P= 0·03), carbohydrate, fibre, n-3 fatty
acids, vitamin B1 and vitamin B6 and lower intakes of energy
(P< 0·001). Participants in the highest quartile of AHEI-2010
had significantly higher intakes of whole grains, fruits and
vegetables, low-fat dairy products, nuts and legumes and
lower intakes of red meat, refined grains, trans-fatty acids,
sugar-sweetened beverages and hydrogenated vegetable oils
compared with those in the lowest quartile (P< 0·001 for all).

The prevalence of anxiety and depression was 15·2% (males
10·8% and females 18·3%) and 30·0% (males 22·9% and
females 35·1%), respectively. The prevalence of anxiety and
depression across quartiles of AHEI-2010 is shown in Fig. 1.
Greater adherence to AHEI-2010 was associated with a lower
prevalence of anxiety. Moreover, depression was significantly
less prevalent among individuals in the top quartile of
AHEI-2010 compared with those in the bottom quartile.

Multivariable-adjusted OR for anxiety and depression across
quartiles of AHEI-2010 in the whole population, as well as
stratified by sex and age group, are presented in Table 3. Those
in the top quartile of AHEI-2010 had 41% lower chance of
anxiety compared with those in the bottom quartile (OR 0·59;
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95% CI 0·44, 0·78). After controlling for potential confounders,
this association was strengthened (OR 0·51; 95% CI 0·35, 0·72).
Participants with the highest adherence to AHEI-2010 had 36%
lower odds of depression compared with those with the lowest
adherence (OR 0·64; 95% CI 0·51, 0·79). This association

remained significant even after taking potential confounders
into account (OR 0·55; 95% CI 0·42, 0·72). In addition,
a decreasing trend in the odds of anxiety and depression was
seen with increasing quartiles of AHEI-2010 (Ptrend< 0·001 for
all models).

Table 2. Multivariable-adjusted intakes of selected nutrients and food groups of study participants across quartiles (Q) of Alternative Healthy Eating
Index-2010 (AHEI-2010)*
(Mean values and standard deviations)

Quartiles of AHEI-2010

Q1 Q2 Q3 Q4

Mean SD Mean SD Mean SD Mean SD P†

Energy (kJ/d) 10 794·89 3392·64 9758·43 3368·62 9219.57 3367·79 10 219·13 3394·06
Energy (kcal/d) 2580·04 810·86 2332·32 805·12 2203·53 804·92 2442·43 811·20 <0·001
Nutrients

Proteins (% of energy) 14·62 2·13 14·83 2·15 14·88 2·30 14·96 2·14 0·03
Fats (% of energy) 36·68 6·39 38·41 6·20 37·68 6·32 37·16 6·44 <0·001
Carbohydrates (% of energy) 49·52 7·73 48·03 7·46 49·06 7·76 50·00 7·52 <0·001
Dietary fibre (g/d) 19·55 5·33 21·80 5·12 23·40 5·17 25·54 5·10 <0·001
n-3 Fatty acids (g/d) 1·56 0·53 1·67 0·53 1·73 0·57 2·00 0·53 <0·001
Vitamin B1 (mg/d) 2·06 0·53 1·80 0·53 1·78 0·28 1·75 0·53 <0·001
Vitamin B6 (mg/d) 1·80 0·26 1·97 0·26 2·04 0·28 2·09 0·26 <0·001
Fe (mg/d) 18·93 2·93 17·62 2·96 17·34 3·16 16·62 2·95 <0·001

Food groups
Red meat (g/d) 85·89 39·73 86·06 39·12 78·81 39·39 63·45 39·49 <0·001
Whole grains (g/d) 21·76 74·92 39·48 73·92 46·52 74·19 61·59 74·43 <0·001
Fruit (g/d) 162·01 191·45 234·49 188·60 301·12 189·80 417·18 189·97 <0·001
Vegetables (g/d) 176·57 110·65 222·81 109·00 261·05 109·85 292·62 109·89 <0·001
Nuts, soya and legumes (g/d) 43·72 35·46 57·77 35·07 61·97 35·37 64·58 35·46 <0·001
Low-fat dairy products (g/d) 301·67 259·71 312·03 256·32 344·58 257·95 376·15 258·22 <0·001
High-fat dairy products (g/d) 15·24 17·33 15·37 16·99 14·49 17·25 13·74 17·19 0·25
Refined grains (g/d) 480·77 155·72 401·55 153·52 375·69 154·71 317·08 154·77 <0·001
Trans-fatty acids (g/d) 0·29 0·10 0·24 0·10 0·19 0·11 0·14 0·10 <0·001
Sugar-sweetened beverages and fruit juice (g/d) 66·67 72·52 60·19 71·50 52·37 71·89 39·56 72·01 <0·001
Hydrogenated vegetable oils (g/d) 9·88 10·66 11·38 10·52 10·21 10·64 10·07 10·47 0·03

* Energy intake is adjusted for age and sex; all other values are adjusted for age, sex and energy intake.
† Obtained from ANCOVA.

Table 1. General characteristics of study participants across quartiles (Q) of Alternative Healthy Eating Index-2010 (AHEI-2010)
(Mean values and standard deviations)

Quartiles of AHEI-2010

Q1 Q2 Q3 Q4

Mean SD Mean SD Mean SD Mean SD P*

Age (years) 35·27 7·67 35·79 7·72 36·43 7·71 37·65 8·18 <0·001
Weight (kg) 69·32 13·91 68·79 13·61 68·30 12·92 68·22 12·27 0·30
BMI (kg/m2) 24·65 4·43 25·17 5·43 25·03 4·25 25·21 3·59 0·05
Female (%) 49·3 56·0 61·4 66·0 <0·001
Married (%) 82·0 82·0 81·6 81·1 0·91
Education (%) (>diploma) 59·2 57·9 59·4 67·9 0·01
Family size (%) (>4) 14·3 12·6 12·8 11·3 0·38
House possession (%) 57·8 55·1 58·7 61·6 0·04
Diabetes (%) 1·3 1·8 1·7 2·4 0·40
Anti-psychotic medications (%)† 4·8 4·9 7·2 5·1 0·07
Dietary supplement use (%)‡ 27·5 28·4 31·9 31·9 0·09
Smokers (%) 4·6 2·8 3·0 2·1 0·07
Physically active (%) (≥1h/week) 12·1 13·5 13·6 13·3 0·79
Obese (%)§ 8·6 11·0 8·9 9·7 0·34

* Obtained from ANOVA for continuous variables and χ2 test for categorical variables.
† Anti-psychotic medications included the intake of nortriptyline, amitriptyline or imipramine, fluoxetine, citalopram, fluvoxamine and sertraline.
‡ Dietary supplements included the intake of Fe, Ca, vitamins and other dietary supplements.
§ BMI≥30 kg/m2.
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Among men, those in the highest quartile of AHEI-2010 were
45 and 37% less likely to have anxiety and depression, com-
pared with those in the lowest category (OR 0·55; 95% CI 0·32,
0·94 for anxiety and OR 0·63; 95% CI 0·43, 0·91 for depression).
However, after controlling for potential cofounders, there were
no significant associations between adherence to AEHI-2010
and frequency of anxiety or depression in men (OR 0·51; 95%
CI 0·25, 1·04 for anxiety and OR 0·70; 95% CI 0·44, 1·11 for
depression). Women in the highest categories of AHEI-2010
had 49 and 45% lower odds of having anxiety and depression
(OR 0·51; 95% CI 0·36, 0·72 for anxiety and OR 0·55; 95% CI
0·42, 0·73 for depression), compared with those in the lowest
category. Adjustment for potential cofounders did not change
these associations.
Stratified analysis by age revealed that among individuals

who were 40 years old or younger, after adjustment for different
confounders, those in the top category were at a 58 and 51%
lower odds for having anxiety and depression than those in the
bottom category (OR 0·42; 95% CI 0·27, 0·65 for anxiety and OR
0·49; 95% CI 0·35, 0·68 for depression). However, after
accounting for known potential confounders, no significant
associations were found between adherence to AHEI-2010 and
mental disorders in those >40 years old (OR 0·72; 95% CI 0·41,
1·25 for anxiety and OR 0·76; 95% CI 0·50, 1·17 for depression).

Discussion

We found a significant inverse association between adherence
to AHEI-2010 and odds of anxiety and depression among
Iranian adults. This association remained significant even after
adjustments for potential confounders, including energy
intake and BMI. In stratified analysis, we found protective
associations between adherence to AHEI-2010 and mental
disorders in women, as well as in individuals who were 40 years
old or younger.
Mental health disorders are globally increasing conditions

associated with poor quality of life and social outcomes(4,5,22).
In addition, these illnesses impose a great burden to the
healthcare system(22). Therefore, improvement in dietary intake
might help prevent these conditions(8). Some studies have
examined the associations between dominant dietary patterns
and mental disorders by means of a posteriori approa-
ches(6,23–26). A recent case–control study from Iran has shown

that adherence to healthy dietary pattern, identified by factor
analysis, was associated with a decreased risk of major
depression. However, no significant association was seen
between unhealthy dietary pattern and depression(26). Jacka
et al.(24) have also shown that adherence to traditional dietary
pattern was associated with a lower risk of depression and
anxiety in Australian women. This association was attributed to
the high content of vegetables, fruits, meat, fish and whole
grains in this pattern. In addition, a positive association was
observed between Western dietary pattern (characterised by
processed or fried foods, refined grains, sugary products and
beer) and mental disorders, in this study(24). Similar findings
were reported from prospective cohort studies(6,25). However,
the investigators from Nurses’ Health Study did not reach such a
clear association between consumption of prudent and Western
dietary patterns and depression(23). Moreover, some other stu-
dies failed to find any association between dietary patterns
identified by a posteriori methods and depression in other
communities(27,28). Although a posteriori-driven dietary patterns
have been greatly used to assess diet–disease relations, it seems
that using a priori methods for the identification of dietary
patterns can provide more useful information about the
adherence of general population to the dietary guidelines(8–10).
Earlier studies on dietary patterns derived from a priori
methods have mostly been confined to developed
countries(9–11). Findings from the Whitehall II study revealed
that women with high scores of AHEI had a lower risk of
recurrent depressive symptoms(9). Moreover, Kuczmarski
et al.(10) have indicated that high diet quality, identified by
HEI-2005, was inversely associated with depressive symptoms.
Similar findings were also reported from other studies(11).
Greater adherence to the Mediterranean diet (Med-Diet) was
also protectively linked with depression in a large cohort study
of Spanish adults(29). Our findings are in accordance with the
above-mentioned studies, in which greater adherence to AHEI
was related to the lower odds of depression.

We also found a significant protective association between
adherence to AHEI-2010 and anxiety. Although anxiety is highly
prevalent worldwide(1), scarce data are available regarding the
association between AHEI and anxiety. A cross-sectional study
among Iranian adults showed that high adherence to traditional,
Western and fast food dietary patterns was associated with an
increased risk of psychological disorders including anxiety.
However, a lacto-vegetarian dietary pattern that contained high
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Fig. 1. The prevalence of anxiety and depression in study participants across quartiles of Alternative Healthy Eating Index-2010 (AHEI-2010).
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intakes of fruits, vegetables and low-fat dairy products was
protectively associated with anxiety(30). Similar findings were
reported from an Australian cohort study, in which Western
dietary pattern was related to an increased risk of
anxiety(31). Antonogeorgos et al.(32) have also indicated that low
adherence to the Med-Diet might mediate the unfavourable
effect of anxiety on CVD risk factors in the Greek population.
Moreover, in a cross-sectional study, greater consumption of

processed foods was associated with an increased risk of
anxiety in the Iranian population(33). It is worth mentioning that
using different methods to assess mental health might explain
these inconsistent results.

We found that adherence to AHEI-2010 was related to mental
disorders in women, but a non-significant association was seen
in men. Lower prevalence of anxiety and depression in male
participants compared with female participants might explain

Table 3. Anxiety and depression across quartiles of Alternative Healthy Eating Index-2010 (AHEI-2010) in the whole population, as well as stratified by sex
and age group*
(Multivariable-adjusted odds ratios and 95% confidence intervals)

Quartiles of AHEI-2010

Q1 Q2 Q3 Q4

OR OR 95% CI OR 95% CI OR 95% CI Ptrend†

Whole population (n 3363)
Anxiety
Crude 1·00 0·92 0·71, 1·19 0·72 0·56, 0·93 0·59 0·44, 0·78 <0·001
Model 1 1·00 0·83 0·63, 1·11 0·65 0·48, 0·86 0·47 0·34, 0·64 <0·001
Model 2 1·00 0·94 0·69, 1·28 0·65 0·47, 0·90 0·51 0·35, 0·72 <0·001

Depression
Crude 1·00 0·98 0·79, 1·20 0·81 0·66, 0·99 0·64 0·51, 0·79 <0·001
Model 1 1·00 0·90 0·71, 1·13 0·68 0·54, 0·86 0·50 0·39, 0·64 <0·001
Model 2 1·00 0·91 0·71, 1·17 0·65 0·50, 0·84 0·55 0·42, 0·72 <0·001

Men (n 1403)
Anxiety
Crude 1·00 0·90 0·58, 1·38 0·71 0·45, 1·11 0·55 0·32, 0·94 0·02
Model 1 1·00 0·94 0·56, 1·56 0·91 0·54, 1·53 0·53 0·27, 1·01 0·09
Model 2 1·00 0·89 0·51, 1·55 0·88 0·50, 1·53 0·51 0·25, 1·04 0·10

Depression
Crude 1·00 0·79 0·56, 1·09 0·72 0·51, 1·01 0·63 0·43, 0·91 0·01
Model 1 1·00 0·81 0·56, 1·19 0·72 0·49, 1·06 0·61 0·40, 0·94 0·02
Model 2 1·00 0·84 0·56, 1·27 0·72 0·48, 1·10 0·70 0·44, 1·11 0·08

Women (n 1960)
Anxiety
Crude 1·00 0·86 0·62, 1·19 0·64 0·46, 0·88 0·51 0·36, 0·72 <0·001
Model 1 1·00 0·79 0·56, 1·21 0·56 0·40, 0·79 0·44 0·31, 0·64 <0·001
Model 2 1·00 1·01 0·68, 1·49 0·58 0·39, 0·87 0·51 0·33, 0·78 <0·001

Depression
Crude 1·00 1·04 0·79, 1·37 0·76 0·58, 0·99 0·55 0·42, 0·73 <0·001
Model 1 1·00 0·95 0·71, 1·27 0·66 0·50, 0·88 0·47 0·35, 0·64 <0·001
Model 2 1·00 0·98 0·71, 1·37 0·61 0·44, 0·85 0·51 0·36, 0·71 <0·001

Age ≤40 years (n 2125)
Anxiety
Crude 1·00 0·96 0·70, 1·31 0·81 0·59, 1·11 0·51 0·35, 0·73 <0·001
Model 1 1·00 0·90 0·65, 1·24 0·71 0·51, 0·98 0·43 0·29, 0·63 <0·001
Model 2 1·00 0·96 0·68, 1·38 0·68 0·47, 0·99 0·42 0·27, 0·65 <0·001

Depression
Crude 1·00 1·04 0·81, 1·34 0·80 0·62, 1·03 0·56 0·42, 0·75 <0·001
Model 1 1·00 0·96 0·74, 1·25 0·68 0·52, 0·89 0·46 0·34, 0·62 <0·001
Model 2 1·00 0·95 0·71, 1·27 0·62 0·46, 0·84 0·49 0·35, 0·68 <0·001

Age >40 years (n 1238)
Anxiety
Crude 1·00 0·84 0·53, 1·33 0·58 0·36, 0·92 0·73 0·46, 1·15 0·08
Model 1 1·00 0·73 0·45, 1·18 0·47 0·29, 0·77 0·60 0·37, 0·96 0·02
Model 2 1·00 0·83 0·47, 1·46 0·48 0·27, 0·86 0·72 0·41, 1·25 0·11

Depression
Crude 1·00 0·86 0·60, 1·24 0·82 0·58, 1·16 0·75 0·53, 1·07 0·12
Model 1 1·00 0·83 0·56, 1·22 0·75 0·52, 1·08 0·65 0·45, 0·94 0·02
Model 2 1·00 0·88 0·56, 1·36 0·75 0·50, 1·15 0·76 0·50, 1·17 0·17

* Model 1: adjusted for age, sex, energy intake and BMI. Model 2: further adjustment for physical activity, smoking, marital status, education, family size, house possession,
diabetes, intake of anti-psychotic medications and dietary supplements. In stratified analysis by sex: model 1: adjusted for age, energy intake and BMI. Model 2: further
adjustment for physical activity, smoking, marital status, education, family size, house possession, diabetes, intake of anti-psychotic medications and dietary supplements. In
stratified analysis by age: model 1: adjusted for sex, energy intake and BMI. Model 2: further adjustment for physical activity, smoking, marital status, education, family size, house
possession, diabetes, intake of anti-psychotic medications and dietary supplements.

† Obtained by the use of categories of AHEI-2010 as an ordinal variable in the model.
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these non-significant associations (10·8 v. 18·3% for anxiety;
22·9 v. 35·1% for depression).
In the present study, we used OR from logistic regression

models; these estimates in cross-sectional studies may not be
valid estimators of the rate ratios when the binary outcome
variable has a high prevalence (>10%)(34) and will overestimate
the risk ratio when it is more than 1 or underestimate the risk
ratio when it is less than 1. Some formulas have been suggested
to correct the adjusted OR obtained from logistic regression to
derive an estimate of association that better represents the
true relative risk(35). Although the prevalence of anxiety and
depression in our study was 15·2 and 30·0%, respectively, we
did not make correction, because if the OR was >2·5 or <0·5
correction of the OR might be desirable to more appropriately
interpret the magnitude of an association. It is worth noting that
using these corrections may attenuate the obtained OR.
Several plausible mechanisms might explain the inverse

association of AHEI-2010 with depression. This association has
been generated by the cumulative effects of all components of
AHEI-2010 rather than an individual nutrient or food group(9,10).
High content of folate, B vitamins and antioxidants in the
healthy eating pattern might reduce neuronal damage of
oxidative stress(4,13,36,37). Because of the relationship between
high levels of inflammatory biomarkers and depressive
symptoms, anti-inflammatory properties of foods included in
AHEI have been shown to reduce concentrations of mono-
amines(9,10,13). Moreover, high levels of PUFA and n-3 fatty
acids presented in oily fish and other components of AHEI
are other possible mechanisms(8,9).
The strength of this study is the large included population,

whereas previous studies have mostly been performed on small
sample sizes. The associations that we identified are indepen-
dent of many factors, because of adjustments for several
potential confounders. However, several limitations should be
considered while interpreting our findings. The major limitation
is the cross-sectional design of the study, which does not allow
inferring causality. Large prospective cohort studies are
required to provide an evidence for the causal relationship. In
addition, using FFQ to assess usual dietary intake is subjected to
many errors depending on memory, fixed list of foods and
portion sizes. However, we use a validated FFQ for
assessment of dietary intakes(14). Furthermore, the study might
be susceptible to recall bias because of low response rate and
misclassification. The study population consisted of a medical
university nonacademic staff, including crews, employees and
managers. We excluded some university teaching hospitals and
research centres to reduce the conflict of interest in research.
Although the socio-economic status of the study population was
representative of the general Iranian population, extrapolating
the findings to other populations might be done cautiously.
Lack of having a non-representative population can be harmful
or beneficial depending on the study question and context. The
important point is that the distortions may be in any direction
(which is unpredictable). In that respect, our findings may be
subject to selection bias. We assessed mental health by means
of a self-administered questionnaire, which might lead to
misclassification of study participants. It is worth noting that
the validity of the HADS questionnaire has been previously

examined among the Iranian population(20). Moreover, despite
controlling for a wide range of potential confounders, the
effects of residual confounders cannot be excluded.

In conclusion, we found evidence indicating that greater
adherence to AHEI-2010 was associated with a lower odds of
anxiety and depression. More adherence to AHEI-2010 was
associated with a reduced risk of mental disorders in women, as
well as in those who were 40 years old or younger. These initial
findings need to be confirmed with prospective assessments in
order to clarify the true casual association between AHEI-2010
and mental disorders.
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