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Abstract

Findings from clinical trials on the effect of Mg supplementation on depression and anxiety are not generalisable to the community owing to
high-dose intervention in short-term periods. Limited observational data are available linking dietary intake of Mg and psychiatric disorders.
We aimed to investigate the association between dietary intake of Mg and psychiatric disorders in a large cross-sectional study on Iranian
adults. A total of 3172 Iranian adults (with an age range of 18-55 years) were included in this study. Data on dietary intakes were collected
using a validated dish-based 106-item semi-quantitative FFQ. To assess depression and anxiety, an Iranian validated version of the Hospital
Anxiety and Depression Scale was used. Furthermore, psychological distress was examined using the General Health Questionnaire. The
mean age of men and women was 38-4 (sp 8-2) and 35-1 (sp 7-4) years, respectively. In unadjusted analyses, we found that higher dietary Mg
intake was associated with lower odds of anxiety among women (OR 0-61; 95 % CI 0-41, 0-90), such that after taking potential confounders into
account women in the highest quintile of Mg intake had a 39 % lower odds of anxiety compared with those in the lowest quintile (OR 0-61;
95 % CI 0-40, 0-93). Moreover, deficient Mg intake was positively associated with anxiety among all women (OR 1-80; 95 % CI 1-19, 2-72) and
also normal-weight women (OR 1-73; 95 % CI 1-01, 2-95). In addition, a significant inverse association was found between dietary Mg intake
and depression among normal-weight men (OR 0-45; 95 % CI 0-20, 0-99) and overweight women (OR 0-45; 95 % CI 0-24, 0-85). In conclusion,
dietary intake of Mg was inversely associated with depression and anxiety. However, such findings were not seen for psychological distress.
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@ Much evidence

Psychiatric disorders affect millions of people around the world™".
Depression and anxiety are the most commonly diagnosed
psychiatric conditions, influencing global health, quality of life, life
expectancy and economy*™. Tt is estimated that 4-7 and 7-3 % of
population, around the world, suffer from depression and anxiety,
respectively™®. In Iran, according to national statistics, about 20-8
and 20 % of Iranian adults are affected, respectively”.

In the aetiology of depressive disorders, the simultaneous

occurrence of various factors including personal, genetic and

environmental factors seem to be important
is available on the role of diet in the development of depression
and anxiety". For instance, consumption of green leafy vege-
tables, legumes, nuts, seeds and whole grains was associated
with lower odds of depression(lo’l@ . Although the exact com-
ponent of these foods affecting depression and anxiety is
unknown, all these foods and food groups are rich sources of
Mg, which plays an important role in the nervous system via its
actions on the release and metabolism of neurotransmitters and

Abbreviation: DS-FFQ, dish-based 106-item semi-quantitative FFQ.

* Corresponding author: A. Esmaillzadeh, fax +98 21 88984861, email a-esmaillzadeh@tums.ac.ir

1 First co-author.

ssaud Aisianun abpliquied Aq auluo paysliand z8/ L0085t L L£000S/2101°0L/B10"10p//:sdny

@ CrossMark


mailto:a-esmaillzadeh@tums.ac.ir
https://doi.org/10.1017/S0007114518001782
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S0007114518001782&domain=pdf
https://doi.org/10.1017/S0007114518001782

o

British Journal of Nutrition

694 J. Anjom-Shoae et al.

other mechanisms">. Several clinical trials had assessed the

effect of high doses of Mg supplementation on depression
in a short time period(l(””). Findings from these investigations
are not easily generalisable to routine lifestyle. Little attention
has been paid on usual intakes of Mg. In a Finnish cohort study,
an inverse relationship between dietary Mg intake and
depression has been demonstrated*®
study failed to find any conclusive evidence on this associa-
tion?. Moreover, a meta-analysis in this regard has indicated
that moderate Mg intake may be inversely associated with the

, whereas a prospective

risk of depression®. Furthermore, several studies have shown
a significant higher risk of depression in hypomagnesaemic

9 whereas others have not reached such find-

individuals
ings®""*?. Therefore, data in this regard are conflicting. Overall,
it seems that further studies are required to shed light on
this issue.

Prior investigations on the association between dietary Mg
intake and mental disorders have mostly been performed in
Western nations, and limited studies have been carried out in
this regard in Middle East countries. Examining the association
between dietary Mg intake and mental disorders is particularly
relevant for the Middle Eastern region where the prevalence of
mental disorders is alarmingly high and the consumption of
legumes, nuts and vegetables as the main dietary sources of Mg

is low©®”

. Furthermore, previous studies on the association
between dietary Mg intake and mental disorders were con-
ducted without controlling for potential confounding variables.
With controlling for confounders, this study aimed to examine
the association between dietary Mg intake and mental disorders

among a large population of Iranian adults.

Methods
Participants

This cross-sectional study was carried out within the framework
of Studying the Epidemiology of Psycho-Alimentary Health and
Nutrition (SEPAHAN) project, which was performed on a large
population of Iranian adults working in fifty different health
centres in Isfahan, Iran. Detailed information about SEPAHAN
project has been published elsewhere®. Briefly, collecting
data at two separate main phases in this project leads to higher
accuracy of collected data and participation rate. At the first
phase, data on demographic variables along with dietary
intakes were collected for 8691 people. At the second phase,
data regarding psychological health were collected. By merging
data from both phases, we had complete information for 4763
people. In the current analysis, we excluded participants who
did not have total energetic intakes in the range of 3347-
17573 kJ/d (800-4200kcal/d) as under-reporters and over-
reporters of energy intake (z 787). In addition, individuals
with missing data on psychological, demographic, anthropo-
metric and dietary information were excluded (12 130). After
these exclusions, a data set of 3172 participants including 1398
men and 1774 women was supplied for this study. All partici-
pants provided signed informed written consent forms. The
whole project of SEPAHAN was ethically approved by the
Bioethics Committee of Isfahan University of Medical Sciences,

Isfahan, Iran®®.

Dietary intake assessment

The usual dietary intakes of participants were assessed by a
validated Willett-format dish-based 106-item semi-quantitative
FFQ (DS-FFQ), which was designed particularly for Iranian
adults®?. Details on design, food items and validity of this FFQ
have been reported previously®. In brief, first we prepared a
comprehensive list of foods and dishes commonly consumed by
Iranian adults. Then, we chose those that were nutrient-rich,
consumed reasonably often or that contributed to between-
person variations from this list. Selection of a food as a usual food
item was done according to dietary records and recalls that had
been collected in our prior investigations. Finally, 106 food items
in five different categories existed in this questionnaire: (1) mixed
dishes (cooked or canned, twenty-nine items); (2) carbohydrate-
based foods (different types of bread, cakes, biscuits and potato,
ten items); (3) dairy products (dairies, butter and cream, nine
items); (4) fruit and vegetables (twenty-two items); and (5) mis-
cellaneous food items and beverages (including sweets, fast
foods, nuts, desserts and beverages, thirty-six items).

We asked individuals to report their dietary intakes of foods
and mixed dishes based on nine multiple-choice frequency
response categories varying from ‘never or less than once a
month’ to ‘twelve or more times per day.” The frequency
response categories for all the food items were not constant and
varied from six to nine choices. We omitted the high-frequency
categories for foods consumed infrequently, as well as
increasing the number of multiple-choice categories for com-
mon foods with a high consumption. Furthermore, in order to
increase the accuracy of the responses, we used the most
popular serving sizes familiar to Iranian adults. Finally, we
calculated the daily intakes of all foods and dishes and con-
verted them to grams per day using household measures®.
Next, in order to compute the daily energy and nutrient intakes
(particularly Mg) of each participant, we summed up the energy
and nutrient contents of all foods and dishes. Energy and
nutrients contents of each food were obtained using the US
Department of Agriculture’s national nutrient databank®”.
Earlier studies have indicated that data on food groups’ intake,
as well as nutrient intake, from this questionnaire provide rea-
sonably valid data of dietary intakes®>". Although the FFQ
was fulfilled based on last year’s dietary intakes of participants,
this questionnaire provided data about usual and long-term
(more than 1 year) dietary intakes.

The validity of the DS-FFQ was evaluated in a subgroup of
200 randomly selected participants of the SEPAHAN
project®>*?_ All participants in the validation study completed
the DS-FFQ at study baseline and 6 months later. During this
validation study, 3-d detailed dietary records, which were used
as gold standard, were reported by individuals. According to
findings from this study, the DS-FFQ could constitute reason-
ably valid and reliable measures of long-term dietary intakes in
Iranian population; for instance, dietary carbohydrate intake
estimated from DS-FFQ was significantly correlated with value
obtained from the average of 3-d dietary records (» 0-81). Such
correlation coefficients were also seen for other food groups
and nutrients including Mg (r 0-61), proteins (r 0-72) and
legume and nut consumption (7 0-69).
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Psychological profile assessment

Anxiety and depression were assessed by the Iranian vali-
dated version of the Hospital Anxiety and Depression Scale,
which provided valid measures of mental health on the basis
of a previous study®®. This scale is a brief and useful
questionnaire to measure psychiatric disorders in addition to
symptom and severity of anxiety disorders and depres-
sion®®_ It contains fourteen items with a four-point scale for
each item and consists of two subscales: anxiety and
depression; higher scores indicate the greater degree of
anxiety and depression. The possible score range is from 0 to
21 for each subscales. Scores of 8 or more on either subscale
were considered to indicate the presence of psychiatric dis-
orders and scores of 0-7 were defined as ‘normal’ in the
study®”.  Overall, our previous investigations

revealed that the questionnaire provides relatively valid
33

current

measures of mental healt

To assess psychological distress, we used the Iranian vali-
dated version of the General Health Questionnaire (GHQ),
which contained twelve items*”. Each item constitutes a four-
point rating scale (less than usual, no more than usual, rather
more than usual or much more than usual). We used the
bimodal scoring method (0-0 to 1-1) in order to calculate the
total score of psychological distress for each participant. The
total scores in this method range from O to 12; higher scores
indicate a greater degree of psychological distress®>. In our
study, we considered the score of 4 or more as having psy-
chological distress. A validation study on 748 Iranian adults
showed a significant inverse correlation between the GHQ-12
and global quality-of-life scores (» —0-56, P <0-001)%>.

Assessment of covariates

We used a self-reported questionnaire in order to obtain data
on age, sex, marital status (single/married), education (high
school diploma or below/above high school diploma),
smoking status (non-smoker/former smoker/current smoker),
family size (£4/>4 members), home ownership (owner/non-
owner), gestational and lactating status, disease history (dia-
betes, asthma, colitis, stroke, myocardial infarction, heart
failure and cancers), current use of anti-psychotic medications
(including nortriptyline, amitriptyline or imipramine, fluox-
etine, citalopram, fluvoxamine and sertraline) and dietary
supplements (including intake of Fe, Ca, vitamins and other
dietary supplements). Assessing physical activity of study
participants was carried out via a General Practice Physical
Activity Questionnaire (GPPAQ), which is a simple validated
screening tool for grading the physical activity of adults by
focusing on current general activities. On the basis of the type
and intensity of individual’s physical activity in work hours
and during the weekends, they were categorised into four
groups: active (>3 h/week), moderately active (1-3 h/week),
moderately inactive (<1h/week) and inactive (no physical
activity). The validity of the GPPAQ for assessment of habitual
physical activity levels has been valuated elsewhere®. To
gather information on anthropometric measures including
weight and height, we used a self-reported questionnaire. BMI

was calculated as weight in kg divided by the height in m?.
The validity of self-reported weight and height was examined
in a pilot study on 200 participants from the same population,
which showed that correlation coefficients for self-reported
weight and height v. technician-measured values were 0-95
(P <0-001) and 0-83 (P < 0-001), respectively. In addition, the
correlation coefficient for computed BMI from self-reported
values and the one from measured values was 0-70
(P <0-001). On the basis of these results, the self-reported
values of anthropometric indices supply reasonably valid
measures in this study.

Statistical analysis

All statistical analyses were separately performed for men and
women. First we obtained energy-adjusted intake of dietary
Mg using residual method??
and women by sex-specific quintiles of energy-adjusted Mg
intake (men: Ql: <277mg/d, Q2: 277-<301mg/d, Q3:
301-<326 mg/d, Q4: 326-<358mg/d, Q5: >358mg/d; women:
Ql: <281 mg/d, Q2: 281-<303mg/d, Q3: 303—<325mg/d, Q4:
325-<356mg/d, Q5: >356mg/d). The analyses were also per-
formed using cut-off points of estimated average requirement
(EAR) for Mg in men and women ((men: 320 mg/d, women:
265 mg/d))(%). On the basis of the Kolmogorov-Smirnov test, all
variables had normal distribution. To assess differences in con-
tinuous variables (including demographic and dietary variables)
across quintiles of Mg intake, one-way ANOVA was used, fol-
lowed by pairwise post hoc tests with Bonferroni correction. The
distribution of men and women in terms of categorical variables
across quintiles of dietary Mg intake was evaluated using the
& test. Binary logistic regression in different models was applied to
examine the association between dietary Mg intake and psychia-
tric disorders including depression, anxiety and psychological
distress. First we included all confounders including age (con-
tinuous), marital status (single/married), education (under uni-
versity/university graduated), physical activity (<1/>1h/week),
smoking status (non-smoker/former smoker/current smoker),
family size (<4/>4 members), home ownership (owner/non-
owner), diabetes mellitus (yes/no), dietary supplement use (yes/
no), anti-psychotic medications (yes/no) and dietary intake of
different micronutrients into models and then in the final model,
which was presented, and we retained those variables that had a
significant contribution. Therefore, different adjusted models for
different outcomes in men and women were retained as follows:
in men and for depression, model 1 included education, smoking
status and anti-psychotic medications, and model 2 included
model 1 plus dietary intake of energy, fat, carbohydrate and
vitamin B,; for anxiety, model 1 included smoking status, anti-
psychotic medications and supplement use, and model 2 included
model 1 plus dietary intake of energy, fibre, vitamin B, and By;
and for psychological distress, model 1 included anti-psychotic
medications and model 2 included model 1 plus dietary intake of
energy, fibre and vitamin Bg. In women and for depression,
model 1 included age, marital status, education, family size,
smoking status and anti-psychotic medications, and model 2
included model 1 plus dietary intake of energy and vitamin Bs; for
anxiety, model 1 included marital status, education, smoking

and then we categorised men

)
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status, home ownership and anti-psychotic medications, and
model 2 included model 1 plus dietary intake of energy, fibre,
vitamin B; and By; and for psychological distress, model 1
included education and anti-psychotic medications, and
model 2 included model 1 plus energy intake and dietary
intake of vitamin B3 and Fe. In the analyses, the first quintile of
Mg intake was considered as the reference category. In the
analysis based on EAR, participants with adequate intake of Mg
were considered as the reference category. To determine the
overall trend of OR across increasing quintiles of dietary Mg
intake, we considered the quintiles as an ordinal variable in the
logistic regression models. BMI-stratified analysis (normal
weight (BMI <25 kg/mz) and overweight (BMI > 25 kg/mz))
was also performed. All statistical analyses were conducted
using SPSS software (version 19.0; SPSS Inc.). P values were
considered significant at <0-05.

Results

Mean age of men and women was 38-4 (sp 8-2) and 35-1 (sp 7-4)
years, respectively. Prevalence of depression, anxiety and
psychological distress was 20-4, 8-4 and 16-6 % among men and
33.7, 17-3 and 27-1 % among women, respectively.

General characteristics of men and women across quintiles of
energy-adjusted Mg intake are provided in Table 1. Men in the
highest quintile of dietary Mg intake were older and more likely
to be obese, married, physically active, diabetic and less likely
to be depressed, anxious and psychologically distressed
compared with those in the lowest quintile. Compared with
women in the bottom quintile, those in the top quintile of Mg
intake were older and more likely to be overweight or obese,
and less likely to be depressed, anxious and psychologically
distressed.

Table 1. General characteristics of men and women across quintiles (Q) of energy-adjusted magnesium intake*

(Mean values and standard deviations; percentages)

Q1 Q2 Q3 Q4 Q5 Pt
Men

Age (years) <0-001

Mean 365 378 387 389t 40-11§

SD 83 79 79 81 85
BMI (kg/m?) 0-008

Mean 25.0 24.9 254 254 25.91§

SD 32 35 33 36 34
Marital status (married) (%) 841 87-3 93-81§ 90-4 94.21§ 0-001
Education (university graduated) (%) 53-8 536 50-0 482 484 0-50
Physically active (>1h/week) (%) 183 186 12-1 239 2918l 0-01
Overweight or obese (%) 477 48-6 56-1F 52-5 58-81§ 0-03
Family size (>4 people) (%) 14.0 139 154 111 158 0-53
Smoking status (current smoker) (%) 14.3 11-8 150 16-1 154 0-28
Diabetes (%) 11 25 29 4.3 361 0-20
Home ownership (owner) (%) 57.3 58-2 55.7 571 620 0-58
Dietary supplement use (%) 11-8 125 157 104 8.6l 0-10
Anti-psychotic medications (%) 39 39 39 2.5 39 0-85
Depression 23.7 234 199 21.0 16-61§ 0-23
Anxiety 1.7 88 77 81 661 0-28
Psychological distress 197 179 154 179 12.21§ 014

Women

Age (years) <0-001

Mean 339 341 354 35-91§ 36-41§

SD 70 72 76 71 8:0
BMI (kg/m?) 0-002

Mean 239 241 24-6 24.8 25.01§

SD 4.0 41 38 39 441
Marital status (married) (%) 730 755 76-4 70-0 7.7 0-66
Education (university graduated) (%) 715 72-4 679 69-3 69-3 0-68
Physically active (>1h/week) (%) 56 65 6-8 7-3 85 0-66
Overweight or obese (%) 322 327 43-71§ 40-01§ 43.71§ 0-001
Family size (>4 people) (%) 133 11.8 12.7 104 130 078
Smoking status (current smoker) (%) 14.7 138 113 121 158 0-41
Diabetes (%) 0-3 2.0t 11 0-3§ 17 0-08
Home ownership (owner) (%) 579 56-9 56-1 63-1 65-68ll 0-05
Dietary supplement use (%) 398 43-4 40-3 456 437 048
Anti-psychotic medications (%) 59 7-9 79 79 7-6 0-82
Depression 391 398 337 30-31§ 28-01§ 0-002
Anxiety 211 19-8 175 15-.2% 14-11§ 0-07
Psychological distress 314 346 25-11§ 23.91§ 20-61§ <0-001

*Men: Q1: <277 mg/d, Q2: 277 -<301 mg/d, Q3: 301—-<326 mg/d, Q4: 326—<358 mg/d, Q5: >358 mg/d; women: Q1: <281 mg/d, Q2: 281—-<303 mg/d, Q3: 303—<325 mg/d,

Q4: 325— <356 mg/d, Q5: >356 mg/d.
+ Obtained from ANOVA with Bonferroni correction or x? test, where appropriate.
1 Significant compared with Q1.
§ Significant compared with Q2.
Il Significant compared with Q3.
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Selected food groups and nutrient intakes of men and
women across quintiles of energy-adjusted Mg intake are
shown in Table 2. Men and women in the top quintile of Mg
intake had greater intake of fruit, vegetables, legumes and nuts,
whole grains, refined grains, dairy products, tea and coffee,
protein, fibre, vitamins B,, Bz, Bs, B and B, compared with
those in the bottom quintile. Among men, dietary intake of red
meat, energy and vitamin B; was different across quintiles of Mg
intake. In addition, women were different in terms of dietary
intake of red meat, energy, fat and carbohydrate across quintiles
of dietary Mg intake.

Multivariable-adjusted OR for depression, anxiety and psy-
chological distress across quintiles of dietary Mg intake in men
are shown in Table 3. Compared with those in the bottom
quintile, men in the top quintile of dietary Mg intake were less
likely to be depressed (OR 0-64; 95% CI 0-41, 0-97), anxious
(OR 0-53; 95% CI 0-29, 0-98) and psychologically distressed (OR
0-56; 95% CI 0-35, 0-89). These associations were significant
even after controlling for demographic characteristics; however,
taking dietary intakes of energy and relevant nutrients into
account made these associations non-significant (depression;
OR 0-77; 95 % CI 0-47, 1-25, anxiety; OR 1-23; 95 % CI 0-51, 3-00,
psychological distress; OR 1-07; 95% CI 0-59, 1-94)). When we
performed BMI-stratified analysis in men, a significant inverse
association was found between dietary Mg intake and depres-
sion among normal-weight men (OR 0-41; 95% CI 0-21, 0-80),
such that after adjusting for potential confounders men in the
fifth quintile of Mg intake had a 55% lower risk of depression
compared with those in the first quintile (OR 0-45; 95 % CI 0-20,
0-99). Among overweight men, those in the top quintile of
dietary Mg intake had lower odds of psychological distress
compared with those in the lowest quintile (OR 0-44; 95 % CI
0-22, 0-88); however, after controlling for dietary confounders,
this association became non-significant (OR 1-15; 95% CI 0-48,
2-73). No other significant association was found between Mg
intake and psychiatric disorders either in normal-weight or
overweight men. When men were categorised on the basis of
EAR of Mg, no significant association was found between
deficient Mg intake and mental disorders either in the whole
population or in BMI-stratified analysis.

Multivariable-adjusted OR for psychiatric disorders across
quintiles of dietary Mg intake in women are shown in Table 4.
Compared with those in the bottom quintile, women in the top
quintile of dietary Mg intake were less likely to be depressed
(OR 0-60; 95% CI 0-43, 0-82), anxious (OR 0-61; 95% CI 0-41,
0-90) and distressed (OR 0-56; 95% CI 0-40, 0-79). Such sig-
nificant associations were also seen after controlling for
potential confounders; however, when dietary intakes of
energy and relevant nutrients were taken into account, these
associations became non-significant (depression; OR 0-72; 95 %
CI 0-49, 1-06 and psychological distress; OR 0-74; 95 % CI 0-49,
1-11), except for anxiety, such that women in the fifth quintile of
Mg intake were 39 % less likely to be anxious compared with
those in the first quintile (OR 0-61; 95% CI 0-40, 0-93).

BMI-stratified analysis in women revealed no significant
association between Mg intake and psychiatric disorders among
normal-weight women. However, in overweight women, a
significant inverse association was seen between dietary Mg

intake and depression (OR 0-48; 95 % CI 0-29, 0-80), such that in
fully adjusted model women in the highest quintile of Mg intake
had 55 % lower odds of depression compared with those in the
lowest quintile (OR 0-45; 95% CI 0-24, 0-85). No other sig-
nificant association was found between dietary intake of Mg
and anxiety and psychological disorders in overweight women.
When we performed the analysis based on the cut-off points
of EAR of Mg among women, we found a significant positive
association between deficient Mg intake and anxiety either in
crude (OR 1-60; 95 % CI 1-12, 2-30) or adjusted models (OR 1-80;
95% CI 1-19, 2:72). Such a finding was also seen among normal-
weight women (OR 1-73; 95% CI 1-01, 2:95). In addition, a
significant positive association was found between deficient Mg
intake and psychological distress among overweight women
(OR 2:05; 95% CI 1-18, 3-55); however, this association was
non-significant when dietary variables were adjusted for.

Discussion

In this cross-sectional study, we found that higher dietary Mg
intake was associated with lower odds of anxiety among
women. Moreover, deficient Mg intake was positively asso-
ciated with anxiety among all women and also normal-weight
women. In addition, a significant inverse association was found
between dietary Mg intake and depression among normal-
weight men and overweight women. To our knowledge, this is
the first observational study assessing the association between
dietary Mg intake and psychiatric disorders in the Middle East.

Depression and anxiety are among highly prevalent psychiatric
disorders in the world®, which are associated with CVD, dia-
betes and cancers® . Although not life-threatening, they
adversely affect the quality of life and life expectancy™®. In the
present study, we observed that higher Mg intake was related to a
lower risk of depression among normal-weight men and over-
weight women. These findings were in line with a Spanish cross-
sectional study, in which an inverse association between Mg
intake and depressive symptoms was reported among school-
children®”. Furthermore, data from a 20-year prospective study
suggested similar associations in middle-aged Finnish men™®. In a
meta-analysis, dietary intake of Mg was inversely associated with
risk of depression™®. Nevertheless, findings from a Spanish pro-
spective study revealed no significant association between dietary
Mg intake and risk of depression””. Such findings were also
reported in Spanish university graduates™. In all mentioned
studies, findings were not reported stratified by sex or BMI. Dis-
crepant findings might be explained by various reasons. For
instance, some confounding variables related to psychological
characteristics, family factors and lifestyle have not been controlled
for in other studies >4,

In the present study, a significant inverse association was seen
between dietary Mg intake and anxiety among women. More-
over, deficient Mg intake was positively associated with anxiety in
all women and normal-weight women. In line with our findings,
in a cross-sectional study, Sadeghi et al.“> reported that whole-
grain consumption, known as a source of Mg, was inversely
associated with anxiety in women. In another similar study,
adherence to dietary pattern rich in Mg was associated with
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Table 2. Selected food groups and nutrient intakes of men and women across quintiles (Q) of energy-adjusted magnesium intake*
(Mean values with their standard errors)

Q1 Q2 Q3 Q4 Q5
Mean SE Mean SE Mean SE Mean SE Mean SE Pt
Men

Food groups (g/d)
Fruits 156-7 86 2279t 94 282.71§ 111 303-31§ 12.0 367-318I19 166 <0-001
Vegetables 1507 4.7 197-3f 441 232.01§ 4.4 261-918ll 511 308-218I19 96 <0-001
Red meat 70-6 2.7 85-0f 28 90-4% 23 84-8% 21 76-4l1l 25 <0-001
Fish 74 0-81 10-2 074 12.0% 1.5 111 0-71 11.3 0-86 012
Legumes and nuts 35.7 1.6 47-6% 1.8 56-01 1.6 64-71§ 22 69-918§ll 34 <0-001
Whole grains 4.7 2:0 21-.9% 1.9 29-21 23 48-11§ 36 109-818I1q 73 <0-001
Refined grains 513-6 12.7 4407 94 393.91§ 73 353-218ll 69 284-018l1q 75 <0-001
Dairy products 205-6 93 2824t 103 3231t 111 379-91§ 155 509-718I19 246 <0-001
Tea and coffee 330-3 174 367-9 163 3927 17-0 467-31§ 19-8 476-418ll 223 <0-001

Nutrients
Energy (kJ/d) 118926 1949 10021-9+ 208-3 9141.61§ 1895 9533-6% 2133 11278-8§I19 195-3 <0-001
Protein (g/d) 85-4 1.00 88-3 0-81 90-7% 078 92.31§ 075 94-218§ll 085 <0-001
Fat (g/d) 97-8 1.6 100-1 11 1014 0-99 1014 0-92 97-2 11 0-02
Carbohydrate (g/d) 2921 441 2879 30 2846 2.7 284.3 25 2958 30 0-04
Dietary fibre (g/d) 171 02 20-0% 02 22.01§ 0-2 23-51§ll 02 26-418§119] 0-3 <0-001
Vitamin B4 (mg/d) 20 0-05 1.8 0-03 1.7% 0-02 1.7% 0-02 1-8% 0-02 <0-001
Vitamin Bg (mg/d) 1-6 0-02 1-8% 0-02 2.01§ 0-01 211§ 0-01 2-218l1q 0-02 <0-001
Folate (ug/d) 8022 172 759-6 12:6 733:5% 95 733.0% 99 761-2 10-8 <0-001
Vitamin B, (mg/d) 1-6 0-02 1.7% 0-01 1.8% 0-01 1.91§ 0-02 2-118lq 0-03  <0-001
Vitamin Bz (mg/d) 26-8 0-3 259 02 25-.21 02 24-61§ 02 24-218§ll 02 <0-001
Vitamin Bs (mg/d) 57 0-04 5.9t 0-03 6-11§ 0-03 6-318ll 0-04 6-718I1q 006 <0-001
Fe (mg/d) 184 02 18:0 02 17-6% 0-1 17-5% 0-1 176 0-1 0-01
n-3 Fatty acids (g/d) 1.7 0-05 1.7 0-03 1.7 0-04 1.7 0-02 1-6 0-03 0-23
Vitamin D (mg/d) 399 1.6 395 1.2 38-2 1.2 40-2 1.2 354 1.2 0-07
Vitamin B4z (ug/d) 25 0-06 28 0-05 3.0 0-04 311§ 0-05 3-318ll 0-07 <0-001

Women

Food groups (g/d)
Fruits 2369 10-6 301-2% 93 348:11§ 9-8 405-518ll 12.3 459-818l1q 155 <0-001
Vegetables 1747 4.5 211.4% 35 239-618§ 4.5 283.718ll 57 320-018I19 89 <0-001
Red meat 72-8 2:6 82-9% 1.8 79-4 1.6 79-3 1-6 72-3§ 21 <0-001
Fish 78 05 93 0-6 10-5% 05 12.21§ 06 10-9% 0-6 <0-001
Legumes and nuts 359 1.3 48.0% 1.3 49.2% 1.2 55.21§ 14 63-818I19 2.2 <0-001
Whole grains 71 1.6 22.0% 1.5 36-01 25 49.41§ 31 100-618I1q 63 <0-001
Refined grains 484-0 111 4289t 6-8 392.91§ 59 350-418ll 57 278-118l1q 69 <0-001
Dairy products 2383 97 2953t 97 339.0% 108 394318l 13-0 48291819 17-8 <0-001
Tea and coffee 322.7 122 3291 11-8 360-5 137 392-61§ 14.5 394-61§ 16-1 <0-001

Nutrients
Energy (kJ/d) 112884 1757 9069-6t 1744 8413-1% 164-0 8887-2% 160-6 10759-1§119 172.3 <0-001
Protein (g/d) 80-0 0-8 86-6% 0-5 88-51 05 90-11§ 0-6 91-418§ll 70 <0-001
Fat (g/d) 98-7 11 100-0 0-8 98-7 07 99-3 07 95.789 09 0-009
Carbohydrate (g/d) 2982 2.8 2915 21 2941 1.9 2933 2.0 303-6§l1q 2.6 0-002
Dietary fibre (g/d) 179 02 21-2% 0-1 22.91§ 02 24718l 02 28-11§119 0-3 <0-001
Vitamin B4 (mg/d) 1-8 0-03 1.8 0-02 1.8 0-02 1.7 0-01 1-8 0-02 0-49
Vitamin Bg (mg/d) 1-6 0-02 1.9% 0-01 1.91§ 0-01 2-018ll 0-01 221819 0-02 <0-001
Folate (ug/d) 756-3 132 7462 85 7421 77 7299 72 755-0 95 0-27
Vitamin B, (mg/d) 1.5 0-02 1.7% 0-01 1-81§ 0-01 1.918§ll 0-01 2-118l1q 002 <0-001
Vitamin Bz (mg/d) 254 02 252 0-1 25.0 0-1 24.31§ 0-1 23-91§ll 02 <0-001
Vitamin Bs (mg/d) 56 0-04 6-0% 0-03 6-11§ 0-03 6-418ll 0-03 6-718I1q 0-04 <0-001
Fe (mg/d) 173 02 177 01 175 0-1 1741 0-1 17-4 0-1 0-20
n-3 Fatty acids (g/d) 1-6 0-04 1.7 0-03 1.7 0-03 1-81§ 0-04 1.7 0-04 0-001
Vitamin D (mg/d) 34-9 1.2 36-2 09 36-1 1.0 34-8 09 33-6 1-3 0-46
Vitamin By, (ug/d) 25 0-05 2-8% 0-04 2.9% 0-04 301§ 0-04 3-118ll 0-06 <0-001

* All food groups and nutrients are energy adjusted. Mg quintiles for men: Q1: <277 mg/d, Q2: 277— <301 mg/d, Q3: 301-<326 mg/d, Q4: 326— <358 mg/d, Q5: >358 mg/d;

Mg quintiles for women: Q1: <281 mg/d, Q2: 281- <303 mg/d, Q3: 303—- <325 mg/d, Q4: 325—- <356 mg/d, Q5: >356 mg/d.
1 Obtained from ANOVA with Bonferroni correction.
1 Significant compared with Q1.
§ Significant compared with Q2.
Il Significant compared with Q3.
q] Significant compared with Q4

decreased odds of anxiety in females“®. Boyle et al“” reported review introduced Mg supplementation as an effective mod-

that Mg supplementation among anxious individuals had bene- ality for treating anxiety and anxiety-related conditions
ficial effects on symptoms. In addition, findings from a systematic However, some studies did not reach a significant correlation

(48)
(17,20)
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Table 3. Psychiatric disorders based on quintiles (Q) of energy-adjusted magnesium intake and estimate average requirement (EAR) among men
(Odds ratios and 95 % confidence intervals)
Quintiles of energy-adjusted Mg intake* Based on EARY
Q2 Q3 Q4 Q5 Under EAR
Q1 OR 95%ClI OR 95%Cl OR 95%Cl OR 95%Cl|l Pyena Normalintake OR  95% ClI
Total
Depressiont
Crude 1 098 066,146 079 053,119 085 056,127 064 041,097 0-03 1 1-33 0.96, 1-83
Model 1 1 099 066,148 078 051,118 084 056,127 062 040,095 0-02 1 1.38  0.99, 1.91
Model 2 1 109 072,164 089 058 139 1.00 064,155 077 047,125 0-30 1 1.23 086, 1.77
Anxiety§
Crude 1 072 041,127 063 035 112 066 037,117 053 0-29,098 0-04 1 115 0-58, 2.27
Model 1 1 073 041,130 061 033,110 068 038 123 052 0-28 097 004 1 119 059, 2.37
Model 2 1 101 054,190 1.00 049,2.04 130 060,278 1.23 0-51,3-00 0-50 1 0-82 0-34,1-96
Psychological distressl|
Crude 1 088 057,135 073 047,114 088 057,135 056 0-35 089 0-03 1 124 088,175
Model 1 1 088 057,135 073 047,114 091 059,139 055 0-34,089 0-03 1 1.27 0-89, 1-80
Model 2 1 122 077,195 122 072,204 162 096,274 1.07 059,194 048 1 096 064,143
BMI <25 kg/m?
Depression
Crude 1 059 032,110 067 036,122 059 032 110 041 021,080 0-01 1 1.76 0.98, 3-17
Model 1 1 059 031,111 067 036,132 057 030,107 035 0-17,0.70 0-005 1 207 112,382
Model 2 1 064 033,123 073 038,143 065 032 131 045 020,099 0-08 1 1.68 0-87, 3-26
Anxiety
Crude 1 061 025,149 054 021,135 061 025 149 040 0-15 110 0-09 1 2.03 460, 8:92
Model 1 1 063 025,154 054 021,139 065 026,160 035 0-12,099 0-06 1 330 066, 16-3
Model 2 1 099 036,273 1.05 033,327 1.52 045,513 1.07 023,489 067 1 1.05 0-15,7:25
Psychological distress
Crude 1 066 034,129 080 042,153 070 036, 1.36 050 0-24,1.02 0-10 1 1.50 081,275
Model 1 1 067 034,131 081 042,156 074 038, 143 047 023,098 0-09 1 1.61 0-86, 2.98
Model 2 1 081 039,166 111 039,166 1.06 047,2.36 076 0-29,1.98 0-88 1 1.24 061, 2:51
BMI > 25 kg/m?
Depression
Crude 1 137 078,240 1.00 055 180 120 068,213 087 048,159 0-56 1 116 0.76, 1.77
Model 1 1 136 077,240 094 052,173 123 069,221 092 050,168 068 1 113 0.74,1.73
Model 2 1 145 080,263 110 058,2:06 150 0-80,2:80 1-14 0-58,2:27 0-68 1 1.00 062, 1-61
Anxiety
Crude 1 072 032,158 082 038178 073 033 162 047 0-19,1.13 0-13 1 1.09 043, 2:81
Model 1 1 070 031,157 077 034,171 077 034,172 051 020,125 022 1 1.01 0-39, 2:61
Model 2 1 087 035212 1.15 044,3.03 1.31 046,376 1.12 0-32,3.96 0-59 1 0-89 0-27,2:90
Psychological distress
Crude 1 082 045150 066 035 124 1.08 060,192 044 022,088 O0-11 1 1.22 076, 1.95
Model 1 1 080 043,148 060 031,114 1.12 062,202 046 023,093 0-16 1 118 0.73, 1.90
Model 2 1 134 068,266 124 058,266 252 121,523 1.15 048,273 0-22 1 0-82 048,139

*All men: Q1: <277mg/d, Q2: 277-<301mg/d, Q3: 301-<326mg/d, Q4:

326-<358mg/d, Q5: >358mg/d; BMI<25kg/m* Qi: <274mg/d, Q2: 274-<297 mg/d,

Q3: 297-<319mg/d, Q4: 319- <349 mg/d, Q5: >349 mg/d; BMI > 25 kg/m?: Q1: <279 mg/d, Q2: 279 <304 mg/d, Q3: 304— <328 mg/d, Q4: 328— <363 mg/d, Q5: >363 mg/d.

1 EAR; men: 350 mg/d.

1 Depression: model 1: adjusted for education, smoking status and anti-psychotic medications, and model 2: additionally adjusted for dietary intake of energy, fat, carbohydrate and

vitamin Bs.

§ Anxiety: model 1: adjusted for smoking status, anti-psychotic medications and supplements use, and model 2: additionally adjusted for dietary intake of energy, fibre, vitamin B4

and vitamin B,.

Il Psychological distress: model 1: adjusted for anti-psychotic medications, and model 2: additionally adjusted for dietary intake of energy, fibre and vitamin Be.

For instance, a clinical trial concluded that Mg and zinc supple-
mentation did not reduce postpartum anxiety and depressive
symptoms among women"'”. Furthermore, an Italian study failed
to find any association between total plasma Mg levels and
anxiety among patients with major depressive disorders®”. Dif-
ferent findings on the association between Mg intake and anxiety
might be explained by adjusting for confounders, particularly
dietary intakes. As seen in the current study, some associations
between Mg intake and psychiatric disorders became non-
significant after considering other dietary intakes as covariates.
However, in some previous studies, potential confounders such
as dietary variables were not considered on the association
between Mg intake and psychiatric disorders”*?,

The sex disparity on the association between dietary Mg intake
and psychiatric disorders could be explained by the differential
influence of gonadal steroids on mood“>®. In addition, the
accuracy of dietary assessment might be different between men and
women. Previous studies have indicated that actual food choices®?,
self-reported preferences for foods® and accuracy of reported
dietary intakes®?

In the current study, we observed different findings among
normal-weight and overweight participants. Different Mg
requirement in overweight participants compared with normal-
weight ones might be a reason for this. In addition, hormonal
imbalance in obese individuals compared with normal-weight
ones might also explain the different associations®”. Furthermore,

are different between men and women.
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Table 4. Psychiatric disorders based on quintiles (Q) of energy-adjusted magnesium intake and estimated average requirement (EAR) among women
(Odds ratios and 95 % confidence intervals)

Quintiles of energy-adjusted Mg intake*

Based on EARY

Q2 Q3 Q4 Q5 Under EAR
OR 95%ClI OR 95%ClI OR 95%ClI OR 95%CI Pyena  Normal intake OR  95% Cl
Total
Depressiont
Crude 1.02 075,139 079 0-58,1.07 0-67 049,092 060 043,082 <0-001 1 1.23 0-90, 1-69
Model 1 1.06 0.76,1-48 080 057,112 068 048,095 059 041,083 <0-001 1 1.15 0-81, 1.63
Model 2 1.08 076,153 083 0-58,1.19 074 0-51,1.08 072 0-49,1.06  0-01 1 098 0-66, 1-44
Anxiety§
Crude 092 064,133 079 054,115 067 045 098 061 041,090 0004 1 1.60 1.12,2.30
Model 1 090 061,132 075 050,112 065 043,099 061 040,093 0006 1 1.59 1.08, 2-33
Model 2 081 054,121 066 043,101 061 039, 094 061 040, 093 0-009 1 1.80 1-19,2.72
Psychological distressl|
Crude 116 0-84,1.58 073 0-52,1.01 068 0-49,096 056 0-40,0-79 <0-001 1 1.38 0-99, 1.91
Model 1 114 0-83,1.56 069 0-50,0.97 065 047,092 054 0-38,0-76 <0-001 1 140 1.01, 1.96
Model 2 1.31 093,184 084 058,122 085 058 125 074 049, 111 0-01 1 099 0-67, 1.46
BMI <25 kg/m?
Depression
Crude 110 073,165 1.05 0.70,1.57 0-67 0-44,1.03 060 0-39,093  0-003 1 114 0.76, 1.71
Model 1 1.38 088,216 1-11 071,173 078 049,124 071 044,115 002 1 092 0-58, 1-44
Model 2 140 0-88,224 1.15 0.71,1.87 083 0-50,1-39 0-84 0-50, 1-42 0-12 1 079 047,132
Anxiety
Crude 0-84 051,138 076 046,127 057 033,099 050 028,087 0-005 1 179 1.12,2.84
Model 1 091 054,155 066 038, 114 065 036,115 061 034,109 004 1 1.55 094,25
Model 2 0-84 048,145 060 033,107 061 033111 060 033 110 004 1 1.73 1.01,295
Psychological distress
Crude 1.34 088,205 1.04 067, 160 081 052 127 064 040, 1.02 0-008 1 1.04 0-68, 1-60
Model 1 1.37 089,210 1.00 064,155 080 051,126 066 0-41,1.05  0-01 1 098 0-63, 1.52
Model 2 142 090,224 1.06 065,172 087 052,146 074 043,128 006 1 079 0-47,1-33
BMI > 25 kg/m?
Depression
Crude 079 049,128 054 032,089 071 044,116 048 029,080 0-007 1 1.31 077,224
Model 1 072 042,124 050 029,08 062 036,107 039 022 068 0002 1 1.42 0.79, 2.56
Model 2 074 042,130 051 028,091 067 037,121 045 024,085 002 1 1.23 0-64,2-34
Anxiety
Crude 114 065,2.01 077 042,140 085 047,154 063 034,119 009 1 1.32 071,244
Model 1 1.20 0-66,2-19 0.77 040,145 075 0-39,1.41 060 0-31,1.17 004 1 1.45 0-76,2-78
Model 2 110 059,205 070 0-36,1.36 071 0-37,1.37 059 029,117 005 1 1.63 0-81, 3-28
Psychological distress
Crude 092 055,153 053 0-30,091 064 0-38, 109 053 0-30, 0:91 0-007 1 1.84 1.07, 317
Model 1 091 054,152 052 030,091 059 034,101 048 027,084 0002 1 205 1.18,3:55
Model 2 128 0.73,2:26 0-81 044,149 096 0-52,1.78 0-87 045,167 040 1 118 0-61,2:25
* All women: Q1: <281mg/d, Q2: 281-<303mg/d, Q3: 303 to <325mg/d, Q4: 325-<356mg/d, Q5: >356mg/d; BMI<25kg/m* Q1: <278mg/d, Q2: 278-<299 mg/d,

Q3: 299- <321 mg/d, Q4: 321- <353 mg/d, Q5: >353 mg/d; BMI > 25 kg/m?: Q1: <286 mg/d, Q2: 286— <310 mg/d, Q3: 310- <330 mg/d, Q4: 330- <330 mg/d, Q5: >359 mg/d.

1 EAR; women: 265 mg/d.

1 Depression: model 1: adjusted for adjusted for age, marital status, education, family size, smoking status and anti-psychotic medications, and model 2: additionally adjusted for
dietary intake of energy and vitamin Bs.
§ Anxiety: model 1: adjusted for marital status, education, smoking status, home ownership and anti-psychotic medications, and model 2: additionally adjusted for dietary intake of
energy, fibre, vitamin B; and vitamin B,.
Il Psychological distress: model 1: adjusted for education and anti-psychotic medications, and model 2: additionally adjusted for energy intake and dietary intake of vitamin B3

and Fe.

the accuracy of dietary assessment might be different between
normal-weight and overweight individuals. As shown in previous
studies, under-reporting of dietary intakes is common among
individuals with overweight and obesity®>. Although we con-
trolled for total energy intake, it must be paid attention that such
controlling in the analyses might not entirely exclude the effect of
energy intake on the associations.

In this study, we found no significant association between
dietary Mg intake and psychological distress in the fully adjus-
ted model. To our knowledge, earlier studies that assessed the
contribution of diet to psychological distress have mostly

focused on dietary patterns rather than on individual foods and
nutrients. For instance, in an Australian cross-sectional study,
adherence to a Mediterranean-style diet (rich in Mg) was not
associated with psychological distress®®. Conversely, Hodge
et al.®” reported that adherence to a dietary pattern rich in
legumes and nuts was inversely associated with psychological
distress. Furthermore, in another cross-sectional study, an
inverse association was reported between a dietary pattern rich
in Mg and psychological distress among Indian individuals®® .
The beneficial effects of these dietary patterns on psychological
distress might be mediated through their Mg content.
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