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Abstract
Background: Depression, anxiety, and stress are common mental problems. The aim of this cross-sectional study
was to investigate the association between two indexes that measure postprandial insulin response to different food,
dietary insulin index (DII) and insulin load (DIL), with psychological disorders.
Method: Participants (n = 10,000) aged 20–69 were randomly selected from 200 clusters in Yazd from the recruit‑
ment phase of the Yazd Health Study. The dietary intake of participants was collected by a reliable and validated food
frequency questionnaire (FFQ) consisting of 178 food items. DII and DIL were calculated from the FFQ data using
previously published reference values. To assess psychological disorders an Iranian validated short version of a selfreported questionnaire (Depression Anxiety Stress Scales 21 [DASS21]) was used.
Results: No significant association was observed between DIL and DII with odds of depression or anxiety using
crude or adjusted models. However, individuals in the highest quartiles of DIL had the lowest odds of stress (OR: 0.69;
95% CI 0.48–1.01, P-trend = 0.047). This association remained significant after adjustment for potential confounders in
model II including marital status, smoking, education, job status, salt intake, and multi-vitamin supplement use (OR:
0.38; 95% CI 0.16–0.91, P-trend = 0.039) and the third and final model which is further adjusted for BMI (OR: 0.39; 95%
CI 0.16–0.91, P-trend = 0.041).
Conclusion: Overall, consumption of foods with higher DII as well as DIL were associated with lower stress scores;
however, no significant relationship was observed between DII or DIL with respective depression or anxiety scores.
Keywords: Anxiety, Depression, Dietary insulin index, Dietary insulin load, Stress
Introduction
Depression, anxiety, and stress are major mental health
concerns in most populations. Recent reports of the
global prevalence of depression, anxiety, and distress
show 31.4%, 31.9% and 41.1% respectively, which is much
higher than normal levels due to the COVID-19 pandemic [1]. Poor mental health imposes considerable costs
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on international health systems. A wealth of evidence
shows psychological distress is associated with disability,
early mortality, and increased onset of chronic disease
such as metabolic syndrome, diabetes, cardiovascular
disease, and Alzheimer’s disease [2–5].
The prevalence of depression, anxiety, and stress is
much higher in diabetic patients compared to those
without, and the role of insulin resistance and hyperinsulinemia in the progression of mental disease has been
well-established [6–8].
Diet has a considerable effect on serum insulin levels
and a high glycemic index (GI) and high glycemic load
(GL) diet may be related to the higher risk of depression
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[9]. GI and GL indicate the ability of foods to raise blood
glucose levels compared to glucose or white bread [10].
While high serum glucose levels correlates with insulin
levels, foods containing certain amino acids and fatty
acids can induce insulin secretion with a dampened
effect on glucose levels [11–13]. An insulin index (II) has
been suggested to estimate postprandial insulin levels in
response to isoenergetic amounts of different foods [14].
The dietary insulin index (DII) and dietary insulin load
(DIL) can be calculated by considering the DII of each
food by its energy content and the frequency of consumption in the diet [15]. Because the DII indicates insulin responses directly it is arguably a better predictor of
disease related to insulin resistance compared to GI.
Some previous studies have shown that higher DII and
DIL may be associated with increased risk of obesity and
insulin resistance [16, 17]. The negative effects of obesity
on psychological disorders have been observed in several studies [18, 19]. Mechanisms include hypertrophy of
adipose tissue which is accompanied by an inflammatory
response that can lead to neuroinflammation [20, 21].
To our knowledge, recently, only one study investigated
the relationship between DII and DIL with psychological
disorders in the 3172 Iranian adults. The results of this
study indicated that higher DII and DIL were related with
greater odds of depression in women. However no significant association was observed between DII, DIL and
anxiety [22]. Considering the role of hyperinsulinemia in
psychological disorders and the necessity of more studies
with larger sample sizes, we investigated this hypothesis
in 7384 Iranian adults.

Materials and methods
Study population

In the current study, we used data from a Yazd Health
Study (YaHS) conducted from September 2014 to
December 2015 in Yazd, in central Iran. YaHS is a prospective cohort study, which includes n = 10,000 participants aged 20–69 y who were randomly selected for
the recruitment phase from 200 clusters in Yazd Greater
Area. The profile and details of this study were published
elsewhere [23]. Written informed consent was obtained
from all participants. The research was approved by
the Ethics Committee of Shahid Sadoughi University of
Medical Sciences, Yazd, Iran (Ethic code: 931188). Data
about current and history of chronic diseases, smoking
status, and socio-demographic characteristics including age, gender, marriage status and education level
were obtained by interview and standard questionnaires.
Participants were excluded on the following: under
or over estimation of energy intake (total daily energy
intake < 800 or > 6500 kcal/day), pregnancy, following a
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special diet and taking antidepressants. After exclusion,
n = 7574 participants participated in the study.
Dietary assessment

Dietary intake of study participants was collected by
a reliable and validated food frequency questionnaire
(FFQ) consisting of 178 food items designed for an Iranian population [24]. FFQs were completed during
face-to-face interviews and reported dietary intakes in
household measures were converted to grams and inputted into the Nutritionist IV software (First Databank
Inc., Hearst Corp., San Bruno, CA, USA). To calculate
daily nutrient intake values for each participant, the US
Department of Agriculture’s (USDA) national nutrient
databank was used [25].
Dietary insulin index and load calculation

Briefly, the food insulin index (FII) refers to the incremental insulin area under the curve over a 2 h period
after consumption of a 1000-kJ (239 kcal) portion of the
test food divided by the area under the curve after ingestion of a 1000-kJ portion of the reference food. The insulin indices for 61 food items were obtained from previous
publications [26–28]. For the remaining 71 food items
that were not available in the published food lists, the FII
of similar food items was used by the correlation between
their energy, fiber, carbohydrate, protein, and fat content.
To determine the DIL, we first calculated the insulin
load of each food with the following formula:
Insulin load of food = Insulin index of food × energy
content of food (kcal/d)
Secondly, by summing up the insulin load of each food,
the DIL was obtained. We calculated the average DII for
all foods by dividing DIL by total dietary intake of energy.
Anthropometric measurements

Body weight was measured using a portable digital scale
analyser with an accuracy of 0.1 kg. The participants
stood in the middle of the scale, wearing the minimum
possible clothing. Height was also measured in a standing position, while barefoot with the head placed in the
Frankfurt position. Body Mass Index (BMI) was calculated, body weight (kg)/ height (m2). All anthropometric
measurements were performed before starting the interview, again after having completed one-third of the questionnaire and for a final time after completing two-thirds
of the questions in the questionnaire.
Psychological health assessment

An Iranian validated short version of the self-report questionnaire for depression, anxiety and stress (DASS 21)
consisting of seven items per subscale was used [29]. The
individuals read each statement and recorded their reply
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according to a 4-point Likert scale ranging from 0 (Does
not apply to me at all) to 3 (Applies to me very much or
most of the time). The scores were summed for items of
each scale. As the long form of DASS has 42 items, we
multiplied the final score of each scale by two. The individuals were considered to have depression, anxiety, and
stress if they obtained total scores of ≥ 10, ≥ 8 and ≥ 15,
respectively [30].
Statistical analysis

The normality of data was assessed using the Kolmogorov–Smirnov test. Continuous and categorical variables
were compared across quartiles of DIL and DII using
analysis of variance (ANOVA) and chi-square tests
respectively. post-hoc analysis was performed using posthoc Bonferroni tests. Logistic regression was applied
to evaluate the relationship between DII and DIL with
psychological disorders in crude and adjusted models.
In Model I basic information were adjusted. In Model
II, socioeconomic status and behavioural risk factors
were additionally controlled. More adjustment was performed for chronic condition. Model I was adjusted for
age, gender, and total energy intake. In model II, marital status, smoking, education level, employment status, salt intake and multi-vitamin use were additionally
adjusted. The final model included the addition of BMI.
These confounding variables were included in the model
because previous studies showed associations with the
psychological disorders. P-values < 0.05 were considered
statistically significant. To analyze the data, the statistical Package for Social Sciences (SPSS) (version 23.0, SPSS
Inc., Chicago, Illinois, USA) was used.

Results
The general characteristics of study participants across
quartiles of DIL and DII are indicated in Table 1 and
Additional file 1: Table S1. The final sample size included
in our analyses was n = 7574 participants. The prevalence of psychological disorders did not significantly differ between quartiles of DIL and DII, except for anxiety
prevalence, which was greater in the highest quartile of
DII. Significant differences were observed for BMI, age,
marital status, gender, employment status, education
level and multi-vitamin supplement use across quartiles
of DIL. These significant differences were only obtained
for employment status, education level, and multi-vitamin supplement use among quartiles of DII. The distribution of smoking status did not differ throughout
quartiles of DII and DIL. In addition, post-hoc analysis
was performed by Bonferroni post-hoc test. Significant
differences among the quartiles of DIL and DII are shown
with different letters “a” or “b”.
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Dietary nutrients and energy adjusted food groups
are shown in Table 2 and Additional file 2: Table S2.
The one-way ANOVA test followed by Bonferroni posthoc analysis revealed significant differences between
all dietary nutrients and food groups including, energy
intake; percentage energy from protein, carbohydrate,
and fat intake; cholesterol; saturated fatty acid; vitamin
E; vitamin C; folic acid; magnesium; fruits; vegetables;
red meat; fish, dairy; whole grains; refined grains; sugars;
salt; legumes and nuts. Significant differences among the
quartiles of DGI and DGL are shown with different letters “a” or “b”.
The associations between DIL and DII with the prevalence of depression, anxiety, and stress in crude and
adjusted models are presented in Table 3. There were
no significant associations between DIL and DII with
odds of depression or anxiety in crude and adjusted
models. However, individuals in the highest quartiles
of DIL had the lowest odds of stress (OR: 0.69; 95% CI
0.48–1.01, P-trend = 0.047). This association remained
significant after adjustment for potential confounding variables in model II (OR: 0.38; 95% CI 0.16–0.91,
P-trend = 0.039) and model III (OR: 0.39; 95% CI 0.16–
0.91, P-trend = 0.041).

Discussion
We aimed to cross-sectionally investigate the relationship between DII and DIL with indices of mental health.
The results showed no significant relation between DIL
and DII with odds of depression or anxiety in crude and
adjusted models; however, higher DIL was associated
with lower odds of stress.
To our knowledge there is only one previous study that
investigated the association between DII and DIL and
psychological disorders. Anjom-Shoae et al. [22], conducted a cross-sectional study in Isfahan, Iran, that also
found no association between DIL and DII with odds of
anxiety or depression in the whole population. Although,
in contrast to our results, they found that women in the
higher quartiles of DII/DIL had higher depression scores.
This was not a strong finding as regression analysis of
depression as a continuous variable showed no significant linear association between DIL and DII and depression in both sexes. This disagreement of results might
also be due to the use of different questionnaires for
measuring dietary intake and psychological disorders. In
Anjom-Shoae et al. study dietary intake were assessed via
a 106-item semi-quantitative FFQ (DS-FFQ) and anxiety
and depression were measured by the Iranian validated
version of Hospital Anxiety and Depression Scale, while
in this study 178-items FFQ and Dass 21 questionnaires
were used for assessing dietary intake and psychological
disorders respectively. It should be noted that our larger
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Table 1 General characteristics of study participants across quartiles of DIL and DII
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205 (2.8)

378 (5.2)

Minimal once a week

65 (3.5)b

35 (1.9)a

46 (2.5)
60 (3.3)a
2161 ± 376b

63 (3.5)a
1580 ± 298a

41 (2.2)

a

1727 (94.2)a

270 (14.7)b

195 (10.6)a

1722 (94.3)a

Q2 (n = 1894)

Q1 (n = 1893)
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90 (4.9)b

74 (4)

b
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61 (3.3)

266 (14.3)b

Q3 (n = 1894)

4828 ± 1015b

165 (9.3)c

321 (18.1)

post-hoc analysis was performed by Bonferroni post-hoc test

Data are presented as mean ± standard deviation (SD)

II

a,b,c

Obtained from χ2 test and One-way Anova for categorical and continuous variables, respectively

I

BMI, body mass index

c

1292 (72.7)c

44 (2.4)

264 (14.5)b

Q4 (n = 1893)

Those values which are indicated with different superscripts (a, b and c) have significant differences (P-value < 0.05)
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Total

Dietary insulin load
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Variable

Table 1 (continued)
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I
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Dietary insulin index
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c
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Q4 (1893)

0.001 <

< 0.01

P-value
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9.23 ± 7.85b

11.36 ± 11.66 7.14 ± 5.71a

193.4 ± 52.2

379.8 ± 228

89.84 ± 60.15 104.89 ± 54.36

a

Dairy

85.67 ± 58.18 100.4 ± 55.67a

2.94 ± 3.68

4.17 ± .79a

12.63 ± 11.64 12.25 ± 9.83a
3.56 ± 3.20

12.13 ± 8.79b
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37.26 ± 27.87b

25.37 ± 18.19b
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2.30 ± 3.30b

12.70 ± 11.94b

79.7 ± 52.7b

28.17 ± 27.47b

26.21 ± 22.49b

b

86.57 ± 61.00

7.50 ± 14.90

22.47 ± 21.33

86.65 ± 69.25b

194.3 ± 141.2b

361.2 ± 112.7b

1.75 ± 3.86b

post-hoc analysis was performed by Bonferroni post-hoc test

Data are presented as mean ± standard deviation (SD)

II

a,b

Obtained from one-way Anova

I

DII, Dietary insulin index; DIL, Dietary insulin load

<0.001

13.45 ± 14.99b <0.001
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0.001

<0.001
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Those values which are indicated with different superscripts (a and b) have significant differences (P-value < 0.05)
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<0.001
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b

I

a

2.59 ± 3.34a

7.12 ± 6.25a
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98.17 ± 80.10

a

7.58 ± 14.64a

20.87 ± 20.36a

107.07 ± 98.2a

165.6 ± 113a

b

387.9 ± 233b

224.3 ± 199.9

11.0 ± 9.15b

30.54 ± 16.02

395.9 ± 310.8b

0.33 ± 0.07b

0.55 ± 0.07b

0.16 ± 0.03b

2822 ± 1306b

2.87 ± 3.39

9.84 ± 7.35b

87.49 ± 55.64b

28.14 ± 25.99b

25.23 ± 17.59b

94.38 ± 55.93

7.80 ± 13.06

21.78 ± 18.49
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8.45 ± 6.59b

91.45 ± 50.61

b

75.35 ± 45.55

5.07 ± 8.22b

18.09 ± 16.67b

3.31 ± 3.90b

12.87 ± 8.70b

3.01 ± 4.00b

20.61 ± 16.51b

96.35 ± 57.31b 85.67 ± 58.18b

32.12 ± 24.91b 36.93 ± 31.47b

24.43 ± 16.13b 21.98 ± 15.95b

b

7.53 ± 16.64

21.09 ± 17.56

98.03 ± 74.16b 80.99 ± 62.76b

312.3 ± 165.4b 315.9 ± 172.4b

394.5 ± 197.1b 334.02 ± 192.5b

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001 >

<0.001 >

P-value

197.2 ± 173.1b 195.03 ± 206.07b <0.001

9.83 ± 7.90b

27.52 ± 15.34b 26.90 ± 16.15b

0.29 ± 0.08b

0.62 ± 0.08b

0.14 ± 0.03b

2900 ± 1449b

Q4

345.7 ± 252.2b 315.04 ± 324.4b

0.31 ± 0.07b

0.57 ± 0.07b

0.15 ± 0.03b

2658 ± 1301b

Q3

185.02 ± 125.4b 189.1 ± 128.1b 197.4 ± 176.6b

388.7 ± 197.07a 340.4 ± 171.8b

447.9 ± 264.7a

225.7 ± 171.1a

16.16 ± 17.91a

39.22 ± 22.34

522.8 ± 567.6a

0.39 ± 0.09a

0.48 ± 0.09a

0.17 ± 0.05a

3207 ± 1394a

Q2

Dietary insulin index
P-value Q1

220.68 ± 77.38a 297.9 ± 127.06b 414.1 ± 183.9b

210.5 ± 188.7 115.1 ± 59.8a

Food groups (g/1000 kcal)

Magnesium (mg)

Folic acid (µg)

Vitamin C (mg)

33.16 ± 13.52

580.1 ± 574.1b

0.35 ± 0.10b

0.56 ± 0.09b

0.16 ± 0.04b

4828 ± 1015b

Q4

16.34 ± 15.27b <0.001

23.51 ± 8.23

b

433.3 ± 350.5b

0.34 ± 0.08b

0.58 ± 0.11

0.14 ± 0.04b

1318 ± 569b

Q3

12.73 ± 12.95b

31.04 ± 18.36 17.87 ± 6.08

Vitamin E (mg/day)

SFA (g)

323.3 ± 290.5b

394.8 ± 391.2 242.7 ± 108.4a

Cholesterol (mg)
b

031 ± 0.07b

0.32 ± 0.07a

0.35 ± 0.10

Fat (% of total daily
energy)
a

0.55 ± 0.09

0.55 ± 0.08a

0.54 ± 0.08

Carbohydrate (% of
total daily energy)

0.16 ± 0.04b

2897 ± 1378II 1580 ± 298a

2161 ± 376b

Q2

0.16 ± 0.04

0.17 ± 0.03a

Q1

Energy intake (kcal)

Total

Protein (% of total
daily energy)

Nutrients

Dietary insulin load

Table 2 Dietary intakes of study participants across quartiles of dietary insulin index and load
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Table 3 Multivariable-adjusted ORs (and 95% CIs) for depression, anxiety and stress across quartiles of dietary insulin index and load
Dietary insulin index
Q1 Q2

Dietary insulin load
Q3

Q4

P-trend‡ Q1 Q2

Q3

Q4

P-trend

Depression
Crude

1

1.02 (0.81_1.29) † 0.87 (0.68_1.10) 0.83 (0.65_1.06) 0.073

1

0.96 (0.75_1.22) 0.78 (0.61_1.01) 1.10 (0.87_1.39) 0.717

Model I*

1

1.04 (0.81_1.33)

1

0.93 (0.73_1.19) 0.75 (0.58_0.96) 1.08 (0.85_1.37) 0.846

Model II**

1

1.02 (0.79_1.33)

0.86 (0.61_1.20) 0.78(0.45_1.35)

0.375

1

0.94 (0.77_1.21) 0.74 (0.57_0.97) 1.05 (0.82_1.35) 0.944

Model III*** 1

1.03 (0.79_1.34)

0.86 (0.62_1.21) 0.79 (0.45_1.37) 0.399

1

0.95 (0.74_1.22) 0.75 (0.57_0.98) 1.06 (0.83_1.36) 0.972

0.88 (0.64_1.21) 0.86 (0.51_1.44) 0.491

Anxiety
Crude

1

0.99 (0.80_1.22)

0.93 (0.75_1.15) 0.89 (0.71_1.10) 0.242

1

0.87 (0.71_1.08) 0.80 (0.64_0.99) 1.07 (0.87_1.31) 0.686

Model I*

1

1.00 (0.80_1.25)

0.91 (0.69_1.20) 0.84 (0.53_1.33) 0.479

1

0.87 (0.70_1.07) 0.78 (0.62_0.97) 1.05 (0.85_1.30) 0.781

Model II**

1

0.96 (0.76_1.22)

0.86 (0.64_1.15) 0.73 (0.45_1.19) 0.251

1

0.88 (0.71_1.10) 0.77 (0.61_0.97) 1.01 (0.81_1.26) 0.847

Model III*** 1

0.97 (0.76_1.22)

0.86 (0.64_1.15) 0.74 (0.46_1.21) 0.27

1

0.89 (0.71_1.11) 0.77 (0.61_0.98) 1.02 (0.81_1.26) 0.877

Stress
Crude

1

0.88 (0.62_1.25)

0.79 (0.55_1.13) 0.69 (0.48_1.01) 0.047

1

0.98 (0.69_1.40) 0.75 (0.51_1.10) 0.95 (0.66_1.36) 0.499

Model I*

1

0.83 (0.57_1.21)

0.65 (0.40_1.05) 0.45 (0.20_1.01) 0.058

1

0.95 (0.67_1.36) 0.69 (0.47_1.02) 0.93 (0.65_1.34) 0.417

Model II**

1

0.83 (0.56_1.23)

0.62 (0.37_1.02) 0.38 (0.16_0.91) 0.039

1

0.98 (0.68_1.42) 0.72 (0.48_1.08) 0.88 (0.60_1.29) 0.284

Model III*** 1

0.83 (0.56_1.24)

0.62 (0.37_1.03) 0.39 (0.16_0.91) 0.041

1

0.98 (0.68_1.42) 0.72 (0.48_1.08) 0.88 (0.60_1.29) 0.288

†These values are odds ratios (95% CIs)
‡Obtained from multivariate logistic regression
*Adjusted for age, gender and total energy intake
**Additionally adjusted for marital status, smoking, education, job status, salt intake, multi-vitamin supplement use
***Further adjustment for BMI

sample size (n = 7384 compared to 3172) is probably
more representative for the general population.
Obesity has negative effects on mental health through
different mechanisms. First, releasing proinflammatory
cytokines such as Tumour Necrosis Factor alpha (TNFα) and interleukin-6 (IL-6) from hypertrophic adipose
tissue, is accompanied by an inflammatory response [20].
Consequently, inflammatory cytokines increase in the
circulation and even reach the central nervous system;
here they interfere with the hypothalamus–pituitaryadrenal (HPA) axis leading to neuroinflammation [21].
Furthermore, indoleamine 2,3-dioxygenase (IDO) is an
enzyme which prevents production of serotonin by catabolizing tryptophan into kynurenine [31]. Increased
activity of IDO and reduction in tryptophan serum levels have been reported in obese patients [32]. At least,
two studies have investigated the association between
DII and DIL and obesity. Adherence to a diet with a high
DIL was associated with greater odds of general obesity
in women in one study [17] but not supported in another
[33]. The BMI for participants of this study did not differ among different quartiles of DII and DIL, which can
partly explain the null findings between DII and DIL and
psychological disorders.
Although data on DII and DIL are limited, several studies assessed the relationship between GI and GL with
psychological disorders [34–37]. A systematic review and

meta-analysis showed no significant association between
either dietary GI or GL and odds of depression in crosssectional studies, which partially agrees with our data as
most of the food with higher GI and GL also have higher
DII and DIL respectively [14]. However, a significant
positive relation was observed between dietary GI and
depression in clinical trials and cohort studies [38].
Confirming the findings of a previous study [22], our
results revealed no significant link between DII or DIL
and anxiety. However, we found an inverse association between DIL and stress score. Only one previous
study investigated this hypothesis, which reported no
significant relationship between DII or DIL and psychological distress [22]. As mentioned above, using
different questionnaires and our use of a larger sample
size may explain this inconsistency. Moreover, another
study showed that higher dietary GL is associated with
a lower odds ratio of psychological distress [34]. It is
well stablished that foods with higher GL give rise to
more insulin secretion and thus a higher IL. Insulin
release following consumption of carbohydrate-rich
foods leads to elevated plasma tryptophan levels and
is associated with increased synthesis of serotonin,
a neurotransmitter involved in mental function [39].
Furthermore, stress is controlled by the HPA axis. It
has been shown that consumption of sugar-rich foods
reduces the feeling of stress by decreasing the HPA axis
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[40, 41]. The participants of the highest quartiles of
DIL of this study consumed more sugars, which might
lead them to experience lower levels of stress. However,
controlling stress in this way is temporary, and regular
consumption of these foods can lead to obesity [41]. In
our analysis, the relationship between DIL and stress
remained after adjustment for BMI; however, stress
correlates with visceral obesity [42]. Further research
with a nuanced approach to body composition measurement is warranted.
The present study has several limitations. First, we
cannot infer causality due to the cross-sectional design
of the study. Second, no biochemical indices were
measured in our study, which limits the detection of
participants with chronic disease. Third, the II of some
food items were not available in the food lists of the
previous studies thus, we used the similar food items as
substitutes. On the other hand, our studies’ strengths
included a large sample size and controlled for potential
confounders such as supplements and dietary intake.
In conclusion, consumption of foods with higher II as
well as IL was associated with lower stress; however, no
significant relation was observed between II or IL and
risk of depression and anxiety. Further studies with longitudinal design are needed to confirm these results.
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