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A B S T R A C T   

Introduction: Mental health in adolescents is among the most critical health issues worldwide. The association 
between diet and mental health is undeniable. Nutrient patterns (NPs) and Index of Nutritional Quality (INQ) 
assessments are novel and valid methods for discovering nutritional effects on diseases. The INQ is an index that 
qualifies the individual’s intake based on the amount of nutrients recommendations and the individual’s energy 
intake. Principal Component Analysis is applied to the nutrients computed from the food record questionnaire to 
derive NPs. This study was designed to determine the association between the NPs/INQ and mental health among 
adolescents. We hypothesized that having a high-quality diet rich in nutrients has a protective effect(s) against 
psychological problems. 
Method: This study included 365 female adolescents from five regions of Tabriz, Iran. The Depression, Anxiety, 
and Stress Scale was used to assess mental health. A 3-day food record questionnaire was used to assess dietary 
intakes. Food record-derived nutritional data were used in the modeling NPs and following formulae to calculate 
INQ= consumed the amount of a nutrient per 1000 kcal/RDA or AI of that nutrient per 1000 kcal. 
Results: Four major NPs were identified: NP1: high intakes of essential amino acids, zinc, B-complex, phosphorus, 
selenium, and cholesterol; NP2: high intakes of fatty acids, biotin, vitamin E, folate, magnesium, chromium, 
copper, iron, sodium, potassium; NP3: high intakes of amino acids, and NP4: high intakes of calcium, β carotene, 
vitamin A, D, K, C, and dietary fiber. Subjects in the fourth quartile of NP1 and NP4 had lower depression, 
anxiety and stress scores than those in the first quartile. Beta estimates showed an inverse association between 
INQ of vitamins A (B=− 3.83, p=0.002), D (B=− 2.82, p=0.017), K (B=− 0.61, p=0.025), B6 (B=− 0.46, 
p=0.035), B12 (B=− 0.94, p=0.040), and folate (B=− 1.15, p=0.037) and anxiety and also a positive association 
between INQ of manganese (B=2.01, p=0.019) and stress. 
Conclusion: High intake of calcium, β carotene, vitamins A, D, K, C, and dietary fiber led to lower depression, 
anxiety and stress. Also, essential amino acids, zinc, B-complex, phosphorus, selenium, and cholesterol had an 
inverse association with depression, anxiety and stress. According to the INQ analysis, vitamins A, D, K, B6, B12, 
and folate had protective effects against anxiety.   

Abbreviations: AI, Adequate intake; BMI, Body mass index; DASS-21, Depression anxiety and stress scale-21; DRI, Dietary reference intake; EFA, Exploratory factor 
analysis; NP, Nutrient pattern; RDA, Recommended dietary allowance; SFA, Saturated fatty acid; SES, Socioeconomic status. 
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1. Introduction 

Psychological disorders in adolescents are one of the most critical 
public health issues worldwide. These disorders cause depression, anx-
iety, and stress in many people globally [1]. Depression is a chronic and 
recurrent illness regarded as a significant cause of disability that can 
lead to self-destruction, the most dramatic manifestation if not 
addressed [2]. Mental disorders, especially anxiety, also tend to become 
chronic and can have deleterious effects. Such conditions impose high 
burdens on personal/social and public health costs [3]. 

In line with the increase in Western countries, chronic psychological 
diseases prevalence among general Iranian population was estimated to 
be 31.03% based on meta-analysis of studies between 2007 and 2018 
[4]. Estimates indicate that the prevalence of these disorders in women 
is higher than men (14.9% in men, 29.8% in women) [5]. The increase in 
mental disorders is associated with changes in lifestyle factors [6,7], 
including decreased social support, increases in chronic stress, sedentary 
lifestyles, changes in sleeping patterns, a decrease in exposure to sun-
light, and changes in dietary patterns and/or habits, among others [8]. 

However, evidence about the role of diet and dietary factors in the 
etiology and causality of these disorders is limited; the association be-
tween diet and mental health is undeniable [9]. Current evidence in-
dicates that the association between mental health and diet/dietary 
factors has focused on dietary quality/patterns and nutrients intake [10, 
11]. It is shown that dietary intakes of some nutrients, including iron 
[12], vitamin B6 [13], omega-3 fatty acids [14], zinc, vitamin B12, 
folate, and selenium [10], are associated with improvements in 
depression and anxiety. In addition, adherence to healthy and quality 
diets such as the Mediterranean-type diet is also related to a lower 
incidence of mental disorders while following a western-style/poor diet; 
e.g., high intake of red and processed meat, saturated fatty acids (SFA) 
and simple sugar is related to unfavorable outcomes [11,15]. 

Some studies have investigated the association between diet quality 
and various diseases using different nutritional tools/methods [16,17]. 
One of the extensively used methods that could be employed in a di-
versity of diseases/outcomes is the Index of Nutritional Quality (INQ). 
The INQ has an aggregate view of diet quality and can adjust the total 
energy intake. The INQ compares micronutrients intake to that micro-
nutrient’s recommended amount after adjusting for total energy intake 
[17]. Three situations might be achieved with the INQ. In the first case, 
the person consumes an equal amount of the nutrient comparing rec-
ommended values. In other modes, individual intakes a higher or less 
amount of micronutrient than the reference/recommended values. On 
this basis, we can determine the quality of a person’s diet and relate it to 
the various outcomes/diseases [16]. Although several studies have used 
this method and interesting results have been reported, very few (if any) 
focus on mental disorders. 

Studying dietary patterns and quality can provide a comprehensive 
view of dietary habits/quality. They can help predict disease risk with 
greater precision and power rather than merely evaluating food or nu-
trients alone [18]. Since food items consist of complex compounds with 
various nutrients [19], to recognize diseases’ etiology and discover 
possible nutritional effects on the prevention/treatment/control of 
chronic diseases, it is necessary to examine the quality of diets and nu-
trients patterns comprehensively. Therefore, this study aimed to thor-
oughly determine the association between diet quality (assessed by 
INQ), nutrient patterns, and mental health among adolescent girls. In 
fact, we hypothesized that a high-quality, nutrient-rich diet is associated 
with lower odds of developing mental disorders and can contribute to 
alleviating them. 

2. Methods 

2.1. Participants 

This analytical study was conducted in the northwest of Iran. In total, 

365 female students aged 14–16 years were recruited after public an-
nouncements at five high schools in five regions of Tabriz, Iran. Female 
students were chosen rather than male ones since there is a drastic in-
crease in the prevalence of psychological disorders among Iranian girls 
[5]. 

Participants were recruited voluntarily through announcement flyers 
distributed in the five schools after receiving permission from the Min-
istry of Education. Participants were excluded if they had any clinically 
apparent chronic diseases or if their calorie intake was outside the range 
of 800–4200 kcal/day (±3SD). 

2.2. Assessment of dietary intake 

Participants were asked to record the type and amount of foods and 
drinks they consumed in a 3-day food records questionnaire. They were 
asked to register their dietary intakes on two specific consecutive 
weekdays and one weekend day. Participants were trained to fill out the 
food records, and clear instructions were provided on how to record the 
quantity using standard household measures (portion size). Daily in-
takes of 53 nutrients (including individual amino acids, dietary fiber, 
vitamins, and minerals) were calculated for each participant using 
Nutritionist-IV Software (Nutritionist IV; First Data Bank, San Bruno, 
Calif., USA), and the nutrient patterns (NPs) were derived from these 
data using exploratory factor analysis (EFA). 

2.3. Assessment of the INQ 

Dietary data extracted from food records were used to calculate the 
INQ scores. We calculated the INQ for nutrients that had a defined 
recommended dietary allowance (RDA) or adequate intake (AI) in di-
etary reference intake (DRI) tables, using the following formulae: INQ =
consumed amount of a nutrient per 1000 kcal/RDA or AI of that nutrient 
per 1000 kcal [16,17,20]. In this study, we calculated the INQs for 
vitamin A (IU/day), vitamin C (mg/day), Iron (mg/day), vitamin D 
(IU/day), vitamin E (mg/day), thiamin (mg/day), riboflavin (mg/day), 
niacin (mg/day), vitamin B6 (mg/day), folate (mcg/day), vitamin B12 
(mcg/day), pantothenic (mg/day), vitamin K (mcg/day), magnesium 
(mg/day), zinc (mg/day), manganese (mg/day), selenium (mcg/day), 
and copper (mcg/day). 

2.4. Psychological assessment 

The 21-item Depression, Anxiety, and Stress scale (DASS-21) is a 
validated and reliable questionnaire for assessing psychological disor-
ders [21]. The validity and reliability of the questionnaire have been 
established in a sample of the Iranian population with acceptable in-
ternal consistency (α = 0.84 to 0.91) and satisfactory convergent val-
idity [22]. The DASS-21 is a 21-item questionnaire, a shortened version 
of the original DASS-42 item [21]. The DASS-21 consists of three sub-
scales for anxiety, depression, and stress, with seven items in each 
category. Each item is scored on a 4-point scale from 0 to 3, where 0 is 
“did not apply to me at all” and 3 is “applied to me very much or most of 
the time”. Item scores are summed for each of the seven-item subscales 
for a score ranging from 0 to 21 for each subscale and a total possible 
score of 63 for the entire scale. Lovibond and Lovibond’s [23] cut-off 
values were used for the severity classification of disorders. 

2.5. Assessment of anthropometric variables and blood pressure 

All anthropometric measurements were performed with light 
clothing and no shoes; weight and height were measured using a stan-
dardized scale (Seca, Germany) to the nearest 0.1 kg and a portable 
stadiometer (Seca, Germany) to the nearest 0.1 cm, respectively. Body 
Mass Index (BMI) was calculated as weight in kilograms divided by 
height in meters squared (kg/m2). BMI was reported as BMI z-score 
standardized for 5–19 years old girls [24]. World Health Organization 
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cut-off points were used to define BMI categories. In this regard, par-
ticipants were assigned to the severely thin (BMI z-score < − 3), thin 
(BMI z-score < − 2), normal weight (− 2 <BMI z-score< 0 and 0 < BMI 
z-score< +1), overweight (BMI z-score > +1) or obese (BMI z-score >
+2) groups. In addition, Waist Circumstance (WC) was measured at the 
narrowest part of the torso using a non-stretchable tape measure with a 
precision of 0.1 cm. A sphygmomanometer was used to measure systolic 
and diastolic blood pressure (SBP, DBP) to the nearest 5 mmHg value. 

2.6. Statistical analysis 

The Kolmogorov-Smirnov test was used to determine the normality 
of distribution for continuous variables. Median (percentile 25–75) was 
used to present the continuous variables since they were distributed 
non-normally. Qualitative data are presented as frequency (percent). 
The extraction of the NPs was carried out using exploratory factor 
analysis (EFA) with principal component analysis extraction method 
and varimax rotation. According to the reference, five participants per 
item is the acceptable sample size for EFA [25]. The correlation matrix 
was used as an input matrix. The screed test determined the number of 
factors; the factors characterized by the highest eigenvalues in the 
steepest part of the figure were extracted. The factor score was calcu-
lated using a weighted mean of items related to each factor. Participants 
received a factor score for each NP and were then categorized into 
quartiles. Univariate linear regression was conducted to assess the as-
sociation between NPs and depression, anxiety, and stress. Simultaneous 
associations between the NPs and depression, anxiety, and stress were 
determined using a multiple regression model after adjusting for energy 
intake, age, BMI z-score, WC, and socioeconomic status (SES). To 
examine the SES, we used three variables, including family income, 
parents’ job, and education, and categorized each of them. Finally, from 

the combination of these three variables, the SES variable was extracted 
with a score of less than two (1st tertile), two to three (2nd tertile), and 
more than three (3rd tertile); these variables were considered poor, 
moderate and good, respectively. P-values <0.05 are considered statis-
tically significant. Data analyses were performed using SPSS 25 (SPSS 
Inc., Chicago, IL, USA). 

3. Results 

The demographic variables of the study participants are shown in 
Table 1. Participants mean (SD) of age was 15.45 (1.14) years. Severe 
depression, anxiety, and stress were present in 21.6%, 26.6%, and 
25.8% of participants, respectively. 

Four major NPs were identified using EFA (Table 2). The first pattern 
(NP1) was characterized as high intakes of essential amino acids, 
cysteine, histidine, tyrosine, zinc, vitamins B1, B2, B3, B6, and B12, 
pantothenic acid, phosphorus, selenium, and cholesterol. The second 
pattern (NP2) was high in SFA, monounsaturated fatty acids, poly-
unsaturated fatty acids, vitamin E-tocopherol, biotin, folate, magne-
sium, iron, copper, chromium, molybdenum, sodium, and potassium. 
High intakes of alanine, glycine, aspartate, glutamine, arginine, proline, 
serine, and manganese characterized the third pattern (NP3). Finally, 
the fourth pattern (NP4) was characterized by high intakes of calcium, 
β-carotene, vitamins A, D, K, C, and dietary fiber. These factors 
explained 64.6% of the variance in the EFA model. 

The regression models revealed that depression, anxiety, and stress 
scores were significantly lower in the fourth quartile of NP1 and NP4 
than in the first quartile (Table 3). After adjusting for energy intake, age, 
BMI z-score, WC, and SES, there was an inverse and significant associ-
ation between depression, anxiety, and stress with NP1 and NP4. 

According to Table 4, beta estimates showed a significant association 

Table 1 
Characteristics of the study subjects (n = 365).  

Variable NP1 NP2 NP3 NP4 P-value 

Age (years)a 15.00 (15.00–16.00) 15.00 (14.00–16.00) 15.00 (15.00–16.00) 15.00 (14.75–16.00) 0.500 
Energy (Kcal)a 1612.50 (1118.25–2502.00) 1659.00 (1256.00–2094.00) 1776.00 (1389.00–2274.00) 1950.00 (1597.00–2184.00) 0.263 
Carbohydrate (g)a 248.55 (180.75–345.35) 261.00 (193.50–315.00) 273.00 (209.60–353.00) 275.15 (232.63–337.53) 0.224 
Protein (g)a 58.11 (36.72–80.88) 56.02 (45.90–70.00) 60.50 (49.60–75.21) 60.73 (51.75–70.74) 0.285 
Fat (g)a 42.15 (33.71–74.25) 45.43 (27.50–70.00) 49.80 (36.31–71.30) 52.00 (37.62–75.90) 0.209 
Waist circumference (cm)a 75.50 (68.50–81.50) 76.00 (70.00–85.00) 77.00 (70.00–84.75) 76.00 (70.50–84.50) 0.640 
Hip circumference (cm)a 95.00 (91.00–100.00) 95.00 (90.00–101.00) 94.00 (90.00–100.00) 97.00 (91.00–103.00) 0.420 
SBP (mmHg)a 110.00 (100.00–120.00) 110.00 (100.00–120.00) 110.00 (100.00–120.00) 110.00 (100.00–120.00) 0.917 
DBP (mmHg)a 70.00 (60.00–80.00) 70.00 (60.00–80.00) 70.00 (50.00–80.00) 70.00 (60.00–80.00) 0.591 
BMI z-score b 

Severe Thin 0 3 (2.0) 2 (2.0) 2 (4.3) 0.683 
Thin 3 (6.7) 12 (8.0) 13 (13.0) 2 (4.3) 
Normal 32 (72.1) 106 (70.7) 70 (70.0) 30 (65.2) 
Overweight 10 (22.2) 28 (18.7) 15 (15.0) 12 (26.1) 
Obese 0 1 (0.6) 0 0 
SES b 

Low 18 (39.1) 71 (45.8) 55 (53.4) 22 (47.8) 0.856 
Middle 13 (28.3) 51 (32.9) 28 (27.2) 13 (28.3) 
High 15 (32.6) 33 (21.3) 20 (19.4) 11 (23.9) 
PALb 

Low 21 (45.7) 50 (32.3) 37 (35.9) 20 (43.5) 0.418 
Moderate 21 (45.7) 97 (62.6) 62 (60.2) 24 (52.2) 
High 4 (8.7) 8 (5.2) 4 (3.9) 2 (4.3) 
Thyroid disorders b 

Yes 0 0 0 1 (2.5) 0.085 
No 40 (100) 132 (100) 92 (100) 39 (97.5) 
Diabetesb 

Yes 0 0 0 0  
No 40 (100) 132 (100) 92 (100) 39 (100) 
Other diseases b 

Yes 1 (2.50) 14 (10.60) 8 (8.70) 6 (15.40) 0.253 
No 39 (97.50) 118 (89.40) 84 (91.30) 33 (84.60) 

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, SES: Socioeconomic status, PAL: Physical activity level. 
a Vlalues are expressed as median (percentile 25–75) and p based on Kruskal–Wallis H test. 
b Values are expressed as frequency (%) p based on Chi-square test. 
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between anxiety and the INQ of vitamins A (B=− 3.83, p=0.002), D 
(B=− 2.82, p=0.017), K (B=− 0.61, p=0.025), B6 (B=− 0.46, p=0.035), 
B12 (B=− 0.94, p= 0.040), and folate (B=− 1.15, p=0.037) and also 
between stress and INQ of manganese (B=2.01, p=0.019). 

4. Discussion 

This study on Iranian females identified a significant preventive as-
sociation between NP1 (essential amino acids, zinc, vitamin B-complex, 
phosphorus, selenium, and cholesterol, found in animal sources) and 
psychological disorders. We also found a preventive association between 
NP4 (characterized by high intakes of calcium, β-carotene, vitamins A, 
D, K, and C, and dietary fiber) and psychological disorders. 

Our findings align with a recent study indicating that adherence to a 
vegetarian diet is related to the development of depression more than in 
non-vegetarians [26]. Different mechanisms might describe such results. 
For instance, limited dietary protein consumption and isolated amino 
acids have been related to mental disorders [27]. As previously docu-
mented, S-adenosyl-L-methionine [26], tryptophan, and methionine are 
negatively associated with depression [28]. In addition, lysine [29], 
tryptophan [28], and tyrosine [30] have been indicated to have an 
anxiolytic capacity. Moreover, tryptophan acts as a substrate for the 
biosynthesis of protein, niacin, or serotonin, required for a niacinamide 
synthesis that may signal, via feedback prevention, to reduce the func-
tion of tryptophan pyrrolase. This causes more tryptophan to convert to 
5-Hydroxytryptophan (5-HTP) and then to serotonin [31] which is 
related to proper neuronal function. Furthermore, vitamin B6 plays a 
vital role as a cofactor for various enzymes in serotonin and niacin 
pathways [32]. 

In our study, cholesterol was found to be high in NP1. Recent evi-
dence has shown that decreased serum total cholesterol levels may 
elevate the risk of depression; however, this association’s inherent fea-
tures are unknown [33]. The association between diet and mental dis-
orders is very complicated; as reported by neuropsychiatry and nutrition 
science researchers, several factors can be involved, and the effects of 
those factors can be two-way. On the other hand, in line with our study 
results, several studies have also demonstrated a negative correlation 
between zinc and vitamin B12 with depression [34,35]. Zinc is an 
antagonist of the glutamate/N-methyl D-aspartate (NMDA) receptor and 
suppresses depression via the up-regulation of the brain-derived 

neurotrophic factor (BDNF) gene expression and amplification of its 
synaptic pool level in the hippocampus [36]. Furthermore, one experi-
mental study showed that zinc supplementation was an antidepressant 
agent [34]. Vitamin B deficiency, chiefly folate and cobalamin, has 
recently been found to contribute to psychological disorders by causing 
hyperhomocysteinemia. Homocysteine is an amino acid manufactured 
within the body’s metabolic processes [37,38] and can be converted to 
cysteine or methionine through the involvement of cobalamin and folate 
[39,40]. In addition, vitamin B6, as pyridoxal phosphate, is needed to 
convert homocysteine to cysteine [37]. 

Furthermore, supplementation with selenium, a central mood 
modulator, over 5–6 weeks considerably ameliorated mood status [41]. 
Clinical trials also revealed that selenium improved mood and decreased 
anxiety [42]. The mechanism by which selenium alleviates mood is a 
matter of some debate. However, alterations in thyroid activity related 
to selenium have been linked to mental disorders, particularly depres-
sion symptoms. As selenium is needed for thyroid hormone synthesis 
and normal function. It is concluded that selenium deficiency can impair 
thyroid hormone metabolism and cause depression [43]. 

In addition, the principal nutrients in NP4 (calcium, β-carotene, vi-
tamins A, D, K, and C, and dietary fiber) are found primarily in fruits and 
vegetables. Consumption of vegetables and fruits with high proportions 
of antioxidant compounds and fiber is beneficial for mental disorders 
[44,45], since antioxidative properties of nutrients are helpful in the 
reduction of the odds of depression. Conversely, lipid peroxidation and 
oxidative stress are related to depression, and some antidepressant 
medications targeting to lower oxidative stress [46]. Vitamin C (ascorbic 
acid) also has antioxidant potential and modulates oxidative stress; in 
fact, other antioxidants remain unchanged until ascorbic acid has been 
depleted. It has been shown that high doses of vitamin C (3 g/day) 
supplements have been shown to improve mental impairment severity 
[47]. In addition, the SENECA study indicated a positive but weak 
correlation between serum concentrations of α-carotene, β-carotene, 
total carotenes, and Mini-Mental State Examination (MMSE) score [48]. 
In elderly populations studied by Ortega et al. the consumption of 
vitamin C and α-carotene were positively associated with psychological 
diseases [49], as our study results showed. 

Moreover, stress is associated with increased urinary calcium due to 
cortisol release [50,51]. Cortisol inhibits tubular calcium reabsorption 
mediated by aldosterone, increasing urinary calcium excretion [52,53]. 

Table 2 
Factor loading of nutrients in major nutrient patterns.  

NP1 NP2 NP3 NP4 

Nutrient Item Factor Loading Nutrient Item Factor Loading Nutrient Item Factor Loading Nutrient Item Factor Loading 
Methionine 0.90 PUFA 0.85 Alanine 0.94 Calcium 0.64 
Cysteine 0.85 Linoleic acid 0.85 Glycine 0.93 Vitamin K 0.60 
Histidine 0.84 Magnesium 0.67 Aspartic 0.92 Vitamin C 0.57 
Tryptophan 0.81 MUFA 0.66 Glutamic 0.87 Vitamin A 0.57 
Tyrosine 0.74 Oleic acid 0.64 Arginine 0.87 Dietary fiber 0.55 
Threonine 0.74 Potassium 0.64 Proline 0.80 Vitamin D 0.47 
Zinc 0.73 Tocopherol 0.64 Serine 0.80 β Carotene 0.37 
Leucine 0.73 Molybdenum 0.60 Manganese 0.54   
Valine 0.71 Biotin 0.59     
Lysine 0.70 Vitamin E 0.59     
Vitamin B3 0.69 SFA 0.58     
Phenylalanine 0.69 Folate 0.57     
Isoleucine 0.68 Copper 0.55     
Vitamin B12 0.62 Iron 0.53     
Vitamin B2 0.59 Linolenic acid 0.45     
Pantothenic acid 0.55 Sodium 0.27     
Phosphorus 0.55 Chromium 0.20     
Selenium .0.54       
Cholesterol 0.53       
Vitamin B6 0.43       
Vitamin B1 0.39       

Explained variance 44.97  8.99  6.09  4.57 

NP: Nutrient pattern, SFA: Saturated fatty acid, MUFA: Monounsaturated fatty acid, PUFA: Polyunsaturated fatty acid. 

H. Jafari-Vayghan et al.                                                                                                                                                                                                                       



Human Nutrition & Metabolism 31 (2023) 200176

5

In addition, an inverse association has been found between vitamin D 
and mood disorders [54]. Research indicates that mood boosts during 
winter in young and middle-aged people may be due to vitamin D 
supplement intake [55–57]. 

In line with previous studies and EFA, the INQ analysis showed 
protective effects for vitamins A, D, K, B6, B12, and folate against anx-
iety. The advantage of the INQ compared to the previous methods is that 
INQ modifies nutrients intake based on calorie intake and compares it 
with the DRI. Some studies used the INQ for assessing dietary intakes in 
various conditions, such as breast cancer [16], gastric cancer [17], gli-
oma [58], ulcerative colitis [59], and non-alcoholic liver disease [57]. 
These studies have concluded that INQ is a valid and reliable method to 
examine individuals’ nutritional status in different situations. The 
evaluation of dietary intake by the INQ is much more comprehensive 
and complete than the raw assessments of the nutrient intakes. How-
ever, the limitation of the INQ is that it cannot be calculated for 
micronutrients that do not have DRI, including RDA or AI [57–59]. 

Besides the strengths mentioned, including using valid and reliable 
questionnaires and being the first study investigating the association 
between mental disorders with NPs and INQ, among others, this study 
had some limitations. One of the study’s main limitations was the in-
clusion of only female adolescents. However, the reason for choosing 
only girls was the high prevalence of these disorders in them, but studies 
on both genders maybe will be able to explain better some discrepancies 
observed in our results. The other limitation of this study was the lack of 
cause-effect relationships, so studies with cohort and prospective de-
signs would be necessary to understand these associations and causal 
network better. As another limitation, some measurement errors should 
be considered since we used a 3-day food record questionnaire for di-
etary estimation. However, since the validity and reliability of this 
questionnaire have already been examined, this error will be minimal. 
Another limitation that may be overlooked is that we used the Nutri-
tionist IV software database, mainly developed for the USA, to extract 
the daily intake of nutrients. However, in cases where it was available, 
we used local databases, but as there is no comprehensive food 
composition database for Iran, we had to use this database. Considering 
that this database is used in almost all studies conducted in Iran, it seems 
that this limitation cannot affect our results. Some factors such as parent 
death or divorce may impress psychological profile effectively. How-
ever, these factors were not assessed in the study which can be consid-
ered as another limitation. Finally, subjective or arbitrary decisions in 
the use of factor analysis must be considered. 

4.1. Conclusions 

After adjusting for confounding variables, the NP characterized by 

Table 3 
Linear regression analysis of nutrient pattern scores with depression, anxiety, 
and stress.   

Depression Anxiety Stress 

B (95% CI) p* B(95% CI) p* B (95% CI) p* 

Model 1a 

NPs1 
Q1 Ref 0.038 Ref 0.017 Ref 0.013 
Q2 − 0.18 

(− 1.28 to 
0.93) 

− 0.88 
(− 2.33 to 
0.56) 

− 0.64 
(− 1.90 to 
0.62) 

Q3 − 0.84 
(− 1.94 to 
0.27) 

− 1.16 
(− 2.60 to 
0.28) 

− 0.83 
(− 2.09 to 
0.42) 

Q4 − 1.47 
(− 2.58 to 
− 0.37) 

− 2.33 
(− 3.77 to 
0.89) 

− 2.07 
(− 3.32 to 
− 0.81) 

NPs2 
Q1 Ref 0.942 Ref 0.997 Ref 0.903 
Q2 0.32 (− 0.80 

to 1.45) 
− 0.05 
(− 1.52 to 
1.42) 

− 0.12 
(− 1.40 to 
1.16) 

Q3 0.07 (− 1.05 
to 1.19) 

0.05 (− 1.41 
to 1.51) 

0.34 (− 0.93 
to 1.61) 

Q4 0.22 (− 0.89 
to 1.34) 

− 0.10 
(− 1.55 to 
1.35) 

0.18 (− 1.09 
to 1.44) 

NPs3 
Q1 Ref 0.261 Ref 0.558 Ref 0.452 
Q2 − 0.20 

(− 1.31 to 
0.91) 

− 0.39 
(− 1.85 to 
1.07) 

− 0.09 
(− 1.36 to 
1.18) 

Q3 0.82 (− 0.30 
to 1.94) 

0.58 (− 0.88 
to 2.05) 

0.85 (− 0.43 
to 2.13) 

Q4 − 0.10 
(− 1.21 to 
1.02) 

− 0.30 
(− 1.76 to 
1.16) 

0.40 (− 0.87 
to 1.67) 

NPs4 
Q1 Ref 0.007 Ref 0.001 Ref 0.005 
Q2 − 1.15 

(− 2.26 to 
− 0.05) 

− 0.93 
(− 2.36 to 
0.50) 

− 0.75 
(− 2.01 to 
0.51) 

Q3 − 1.66 
(− 2.76 to 
− 0.56) 

− 2.31 
(− 3.74 to 
− 0.89) 

− 2.02 
(− 3.27 to 
− 0.76) 

Q4 − 1.73 
(− 2.83 to 
− 0.63) 

− 2.61 
(− 4.03 to 
− 1.18) 

− 1.80 
(− 3.06 to 
− 0.55) 

Model 2b 

NPs1 
Q1 Ref 0.027 Ref 0.045 Ref 0.016 
Q2 − 0.34 

(− 1.16 to 
1.09) 

− 1.15 
(− 2.26 to 
− 0.05) 

− 1.15 
(− 2.26 to 
− 0.05) 

Q3 − 0.64 
(− 1.78 to 
0.50) 

− 1.66 
(− 2.76 to 
− 0.56) 

− 1.66 
(− 2.76 to 
− 0.56) 

Q4 − 1.21 
(− 2.39 to 
− 0.03) 

− 1.73 
(− 2.83 to 
− 0.63) 

− 1.73 
(− 2.83 to 
− 0.63) 

NPs2 
Q1 Ref 0.620 Ref 0.534 Ref 0.283 
Q2 0.41 (− 0.74 

to 1.55) 
0.01 (− 1.49 
to 1.49) 

− 0.10 
(− 1.43 to 
1.23) 

Q3 0.14 (− 1.03 
to 1.30) 

0.23 (− 1.29 
to 1.75) 

0.52 (− 0.84 
to 1.87) 

Q4 0.42 (− 0.88 
to 1.71) 

0.52 (− 1.17 
to 2.21) 

0.70 (− 0.80 
to 2.21) 

NPs3    
Q1 Ref 0.357 Ref 0.566 Ref 0.142 
Q2 − 0.02 

(− 1.15 to 
1.12) 

− 0.33 
(− 1.82 to 
1.16) 

0.06 (− 1.27 
to 1.38) 

Q3 0.90 (− 0.24 
to 2.03) 

0.51 (− 0.97 
to 1.99) 

0.96 (− 0.36 
to 2.28) 

Q4  

Table 3 (continued )  

Depression Anxiety Stress 

B (95% CI) p* B(95% CI) p* B (95% CI) p* 

0.24 (− 0.92 
to 1.40) 

0.18 (− 1.34 
to 1.69) 

0.74 (− 0.60 
to 2.09) 

NPs4 
Q1 Ref 0.007 Ref 0.001 Ref 0.004 
Q2 − 1.13 

(− 2.24 to 
− 0.01) 

− 0.86 
(− 2.30 to 
0.59) 

− 0.68 
(− 1.97 to 
0.61) 

Q3 − 1.49 
(− 2.61 to 
− 0.37) 

− 2.18 
(− 3.63 to 
− 0.73) 

− 1.95 
(− 3.24 to 
− 0.65) 

Q4 − 1.56 
(− 2.73 to 
− 0.39) 

− 2.37 
(− 3.89 to 
− 0.85) 

− 1.62 
(− 2.98 to 
− 0.26) 

NPs: Nutrient Pattern score. 
a Unadjusted. 
b Adjusted for energy intake, age, BMI z-score, waist circumference, and so-

cioeconomic status. 
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high intakes of calcium, β-carotene, vitamins A, D, K, and C, and dietary 
fiber had a protective effect and an inverse association with depression, 
anxiety, and psychological stress. Moreover, an NP high in essential 
amino acids, zinc, vitamin B-complex, phosphorus, selenium, and 
cholesterol had a statistically significant inverse association with 
depression, anxiety, and psychological stress. The INQ analysis also 

showed protective effects for vitamins A, D, K, B6, B12, and folate 
against anxiety. Further studies at a larger scale and with prospective 
designs are needed to demonstrate the detailed association between 
psychological disorders and NPs and reveal its possible mechanisms. 
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