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Abstract

C10.16-0.91, P-trend = 0.041).

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 (DIl) 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. DIl and DIL were calculated from the FFQ data using
previously published reference values. To assess psychological disorders an Iranian validated short version of a self-
reported questionnaire (Depression Anxiety Stress Scales 21 [DASS21]) was used.

Results: No significant association was observed between DIL and DIl 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% C10.48-1.01, P-trend =0.047). This association remained significant after adjustment for potential confounders in
model Il including marital status, smoking, education, job status, salt intake, and multi-vitamin supplement use (OR:
0.38; 95% Cl1 0.16-0.91, P-trend =0.039) and the third and final model which is further adjusted for BMI (OR: 0.39; 95%

Conclusion: Overall, consumption of foods with higher DIl as well as DIL were associated with lower stress scores;
however, no significant relationship was observed between DIl 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 pan-
demic [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 hyperin-
sulinemia 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 con-
sumption in the diet [15]. Because the DII indicates insu-
lin 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 sev-
eral 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 sig-
nificant 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 pro-
spective cohort study, which includes n=10,000 par-
ticipants 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 includ-
ing 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

Page 2 of 9

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 Ira-
nian population [24]. FFQs were completed during
face-to-face interviews and reported dietary intakes in
household measures were converted to grams and input-
ted 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 incre-
mental 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 inges-
tion of a 1000-k] portion of the reference food. The insu-
lin 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 x 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 stand-
ing position, while barefoot with the head placed in the
Frankfurt position. Body Mass Index (BMI) was calcu-
lated, body weight (kg)/ height (m?). All anthropometric
measurements were performed before starting the inter-
view, again after having completed one-third of the ques-
tionnaire 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 ques-
tionnaire 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 indi-
viduals 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 Kolmogo-
rov—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 post-
hoc 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 per-
formed for chronic condition. Model I was adjusted for
age, gender, and total energy intake. In model II, mari-
tal status, smoking, education level, employment sta-
tus, salt intake and multi-vitamin use were additionally
adjusted. The final model included the addition of BML
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 statisti-
cal 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 preva-
lence of psychological disorders did not significantly dif-
fer 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-vita-
min supplement use among quartiles of DII. The dis-
tribution 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 post-
hoc 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 let-
ters “a” or “b”

The associations between DIL and DII with the prev-
alence 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 confound-
ing 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 relation-
ship 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], con-
ducted 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 signifi-
cant linear association between DIL and DII and depres-
sion 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



Page 4 of 9

(2022) 10:218

Darand et al. BMC Psychology

(960) ¥7S (€2€) €65 (#0¢€) €95 (1'ze) 685 6'1€) 185 (€9) 519 4(8'0€) 995 (£'80) LTS o(l'1€) 68CC ewoydig
o(F'TE) 965 480 ¥1S 4(£'90) S6¥ 4(£'90) 06% (¢60) Tes (€£2) 805 (0€) Tss (/0 €05 ($'87) S60¢C |ooyds 3|ppIN
L00 (€¥0) Shv (€0 Lty ¥sy) Ly (6'€0) 6¢F 100> o(L'T0) 2ov B(Nadkdiz q(600) $8¢ oFLE) L2 (LV0)9LLL 21e19

(96) uoneosnpy

(€€) 65 (r'e) 9 (£€) 89 (Te) 8s q(€'1€) 99§ q(£°0€) 195 q(L'80) 81§ €70 Loy (C82) 9v0C qgof asue|pald

(r'sv) ce8 (V6v) £68 (#'05) 026 (1'05) 868 (€€) 09 (I'p) Sz (60 ¢S (€€) 09 r'e) L¥e 9xI0M [enuely

o(570) 80F (T8l) oge q(81) T6€ q(r'61) 8¥€ (L) 664 »o(§'LY) 198 q(S'6Y) 568 [TV 9L6  (8'8F) LESE  99kojdWa USWIUIA0D

SO0  o(C'82) 9¥0C e LrT  4(8'8F) L€5€E (S61)GlL 100> (€'12) s8¢ oL vze o(61) €€ (Coge9e  (S6l)SLyL pakojdwiaun
(9%) 3uaWwAojdw3
880 (F'LS) L¥6 (L6Y) L16 (68t 0L6 (6'8¥) 668 100> q(6'15) 056 q(L'19) €86 4(9°09) L6 o8€Y) 608 (L6¥) €£9€ (%) 32w IspusD

W) ve 9'1)6C 6'1) s¢ ¥'1)sc (1) 8 (®1)ce (Z1) o€ (€1) €T @)Ll 1{ows™x3

(60l) €6l (coL) /81 (60l) /61 (#ol) 68l (Lol zel (@ol)zel (86)8/1 FL1)¥0t (901) 992 124OWS JUaLIND

800 (£'18) 1551 (1'88) 1091 (C18) 8.5l (C'88) 865 L 960 (828) 8451 (9£8) ¥951 (5'88) ¥091 (€/8)095L  (8/8) LT€9 19¥{OWs 19NN
?Ac snieis @c_v_OEm

(5€) ¥9 8¢S (€€) 19 (r'e) €9 L0 67 oS0 o 4L’ 0§ o(C5) 56 (€€)0FC  P32IOAIQ 10 PIMOPIA

(98) 0851 (9'68) /51 (9%8) 0451 (1'¥8) 6€SL (8%8) ¥5S51 (€58) 8851 (88) L¥SL (968)G/5L  (1'S8) #9729 paLiep

5050 (sol) €6l SLyeie Lz vee (el Lee 100> q(STl) 0gT q(Tel) 8ee qolrel) Lee o(€6) LLL (9'11) 958 91buis
((AERENEN

(rz1yole (991) L0g (£s1) €6C (€91) 66¢C q(8771) 5€C q(T¥l) 59T o(S1) 22T €088y (F9)S s1eah 69-09

(€0 vLE (Lvle (L61) 19¢ (61) L¥E (vsl) se€ (€81) O¥€ (61) 0S€ (¥r00) LL€ 6 VNOS s1eak 6505

(607) s8¢ ¥'10) s6€ (¥'12) 86¢ (€70 80¥ (1'10) /8¢ (8°07) 88¢€ (cco) 607 ®lzor  (S12)98SL s1eak 64-0v

(') S6€ o ey (6'L7) 8ov (6:07) 8¢ q(8°€0) 8¢v o(L'70) 8¥¥ q(8'10) 2o o891)0LE  (9'17) 8651 s1eak 6£-0¢

6610 (¥'12) S6€ o 8ly (¥'12) 86€ (9'12) s6€ 100> o(L'V0) €bt 400 L2y 4(6'10) ¥0or fCL1)8lE (S12) 9851 s1eak 67-0¢
(%) 26y
10 8LSFLOLZ  80SFE69C  00SFERIC  OUSFICLLT 9600 SOSFL69C 90'SF 69T €TSFI8IC LOSF8T LT 60SF LT (Tw/Bx) INg
950 e 19 (L0 6y (S€) ¥9 9€)v9 %920 (80) 61 (1e) L8 (5€) 29 (6€) 0L (€€) g€t (9%) s9A 'ssanS
L¥00 @) Lie (€e) ¥9l (6'6) 081 (e eel G890 (66)s/1 (€01) 88l (601) s61 (1) 96l (S0L) ¥SL (%) soA ‘Aaixuy
LS00 (ze) €91 (L9 ozt (1) ovl (€8) 6l 8970 (€ne6cl (92) 8¢l (8'8) LSl (99) ¥S1 (1'8) 845 (%) oA ‘uoissaidaq

anjea-d (€681) YO (v681) €O (v681) 2O (€68L) LD ,®njead (€68L=U)¥D (¥68L=U)ED (¥68L=U)CD (€68L=U) LD leol

xaput upnsui L1e321q

peoj uijnsui L1e331q

d|qeniep

[1d pue 7|d Jo sajiienb ssoude syuedidiiied ApNis JO SOMISIIIDRIRYD [PISUSD) | d]qeL



Page 5 of 9

(2022) 10:218

Darand et al. BMC Psychology

1531 20y-3s0d luoLIRu0g Aq pawiopsad sem siskjeue 504-350d g

(@s) uoneIASp piepuess F ueaw se pajuasaid aie eyeq

Al2And3dsal ‘s3|qelien snonuiuod pue [edHobaled 1oy erouy Aem-3uQ pue 1s3) ZX woly pauleiqo
xapul ssew Apoq ‘|INg

(S0'0 > @n|eA-g) saduIayIp JUedYIUBIS 9ARY (3 pue g ‘B) sydudsiadns Jualayip Yiim paledipul a1e YdIym san|ea asoy |

>1000 b6Vl F006C lOELFBSIOT O0ELF T8  F6ELFLOCE  >1000  oSLOLF8T8Y  o69SF8LEL OLETF LOIT 86CF 085l 8/ELF /68T (je2¥) eaut Abiau3

ql£'€) 89 «(67) 88 o(V'S) 66 «(89) €CL 5(€6) S91 q(6'7) 06 o€°€) 09 o(5°€) €9 (T'S)8LE  >o3M B IOUO [PUWIUIN

q(SL) 8€l S(€9) ¥6 (L°5) €01 o(1'8) /1L S(L'8l) Lze qP) L (Crakeis (T i (99 z8v Yauowl/g—|

100> 4(888)GE9L  4(868)L09L  4(6'88)919L  o(T'S8) 6VSL 100> S(L'TL) el (16) 9991 o(TY6) LTLL o€V6) TCLL  (T'88) LOVO 19ASN
(9%) yuawa ddns sutweyA-I} NN

@ L€ (670) €S (€) sS (€€) 09 Fo vy (€619 q(5'€) 59 o(6'1) G€ (870) S0¢ 10120p pue Ja1se

(L1rysie (8'€1) €5¢ Ovl) 1L (1) 95T q(S¥1) ¥9T q(€%1) 99C qLvl) 0T «901) S61 (S€l) 566 9a16ap s,10[Ydeg

anjea-d (€681) ¥O (v681) €O (v681) TO (€68L) LD |@njeAd  (€68L=U)$D (¥68L=U)ED (V68L=U)TD (€68L=U)LD lelol

xapul uljnsui K1e3a1q peoj uinsui K1e3aig a|qeliep

(PanunuOd) | 3jqey



Page 6 of 9

(2022) 10:218

Darand et al. BMC Psychology

1531 J0y-3s0d luosIRu0g Aq pawioysad sem siskjeue d0y-3sod g,

(@s) uoneIASp plepue)s F ueaw se pajuasaid ale ejeq

peoj

eAOUY Aem-aUO Woly pauleqo

nsul £1e3191Qq “71@ ‘Xaput ulnsui K1ea1q ‘i

(S0°0 > dn|eA-d) sadualayip uedyiubis aney (g pue e) s3dudsiadns JUSISHPIP YUM PIedIpUl 1. UYDIYM SaNjeA 3SoY |

1000 q00¥F 10 qO6EF LEE 6e€EF/L8C FEEFOG5C 1000> 98C€FSLL q0EeF0EC 0CeF95€E 6L FLLY 89 €EFV6'C 1es
1000 qlSOLF190C ¢0L8F£L8CL qSELF V86 SCOFCLL L000> 667l FSTEL q?6'LLF0LCL 6L 8F LTl E86FSCCL YILLFETCL siebng
1000 g8L8GFL9G8 qlELSFGEO  POSSTFOV L8  oLLUIVFLIIL L000> 4C0C9F6965 ql'CSFL6L  ¢660SFLC0L  o/9SSFV00L 8L8STF /9S8 suresb psuysy
L000 QLY LEFEE9E qlEVCTFCLTLE 66 SCFVLI8C  LSEVCFEITCL L000  ¢66'LCF LP8L LV LCF LIS  GL8LTIFOCLE  oLELTFO6SE EELCFSO66L suteb ooy
1000 qS6'SLFBOLC ELILFEYVC 65 LLFECSE  o(8PCFSL6C L000> qEL6lFC8CC gV CCFLCIC 6L BLFLEST  STSLFOVIC ¥L6LFO0CSC SINU pue seWNH
1000 qSS SV FSESL ¢l90SFSPLE €6GSFBEY6 0L 08FLL'86 1000> 40L'99F88CL q00'L9F 2598 CLESTFLOGE 9ePSFO8Y0L SL'09F ¥868 AiteQ
1000 qCC8F LOS 79Ol F€SL 90€ELF08YL 9V F85L L000> 4ELl8LF6L8 061l F05L C9LLF209 799F09G  9SELF00L ysi4
1000 /991 F608L 95/LF601LC ov8LF8L LT 9€0CF £L80C L000> qP/6lFo6vl ECLCF LY CC LOVLFOVCC  oS9GLF LYV CC LEBLFOY0C 1eaW pay
L000 QL T9F 6608 (9L'¥.FE086 999F900L C86FL0LOL  L000> (6CLLFB8I  ¢SCE9FS998  66TC8FIH L6  869F9V0L CLLFI96 EE]elAETeEN
1000 qQULFVL6L gl BCLFL68L V'SCLFCOS8L ELLF 959 L000> 60 COLF8LSL  CLVLFEVOL  ¢88CLF L6l SLLLF8EO6L VBELFEPBL S1nJ4
(192 0001,/6) sdnoib poo4
100'0> gV CLLFOSLE FSOLFECLE  BLLLFYOrE L0/61F£88E  1000> (08V6LF6EVS oL CLLFCL9E qSLF £S8C (CSFYE6L  CCSFYEOL (bw) wnissube
L000> S¢6lFCOVEE lL6Ll FSVOE q€ECF6L8E  oLVICFOE LYY L000> oV SLCFSL98S 6 E8LF LYY (90/LLF6/6C o8E/LF890CC 8ICF86LE (611) p1oe oijo4
L000> q/090CF€0S6L gl eLLFCL6L 666l FEVCC Ll'LLZLFLSCC  1000> q668CF L'LCE ¢SSPl F609¢EC L'68F €091 86SFLGLL £88LFSOLC (B D ey
100°0> 659 FS¥8 q06'L F €86 qsl'6F01LL  el6ZLF9LOL L000> LCSLFPESL qs6CLFELCL qS8'LFEC6 lLSFVLL 99LLFOELL (Rep/Bul) 3 uiweyp
L000>  SL9LF069C oPESLFLGLE  qCOILFPSO0E  obECCFCCOE L000> €6 LCFYI6Y  CSELFOLUEE  qeC8FLSEC  809F /8Ll 9E€B8LFHOLE (6) v4s
L000> gV PCEFVOSLE qUTSCTFLSYE  8OLEFEG6E  9/9SF8TCS  1000> gl PLSFL08S (SO0SEFEEEY SO06CFEECE o8O0l FLTIVC TL6EFGVOE (Bbw) [oss153104D
(AB1aua
L00'0> q800F6C0  qLO0FLED qL00FE€E0 H600F6€0 L000> qOLOFSED q800F €0 q/00F L€O /00FCEO  OLOFSED Ajiep [2101 JO %) 114
(AB1aua Ajiep |p10}
L000> q800F 90  qL00F LSO q/00F S50 600F 810 L000>  ¢600F 950 LL'0F850 600F S50 800F S50  800F+S0 40 9) 21eIpAYog.eD
(KB1aua Ajiep
<1000> q€00F VL0 4E00FSL0 q€00F910 eSO0FZL0 L000>  4v00F9L0 700 F 10 qv00F 910 £00F /L0 ¥OOFO9L0 [B101 JO %) UIS10Id
<1000> q6V1 F006C ¢lOELF8S59C q90€L F 8¢ oV6ELF£0CE  1000> q910L F8¢8Y 695 F8LEL 9LEF 191C e86CF08SL 8LELF£68C (je2) xerur Abiau3
SuaLINN

anjeA-d 0 €0 [4{e} 1O @njead 0 €0 [4{e} 10 |ejol
1nsui K1e3a1q peoj uijnsui K1e3a1q

peo| pue xapul

ulinsul A1eialp 4o ssjiienb ssoude syuedioiied Apnis Jo sayeiul Aiewsig g sjqelL



Darand et al. BMC Psychology (2022) 10:218

Page 7 of 9

Table 3 Multivariable-adjusted ORs (and 95% Cls) for depression, anxiety and stress across quartiles of dietary insulin index and load

Dietary insulin index

Dietary insulin load

Q1 Q2 Q3 Q4 P-trend* Q1 Q2 Q3 Q4 P-trend
Depression
Crude 1 1.02 (0.81 9)* 0.87 (0.68_1.10) 0.83(0.65_1.06) 0.073 T 096(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_133) 0.88(0.64_1.21) 086(0.51_1.44) 0491 T 093(0.73_1.19) 0.75 (058 096) 1.08 (0.85_1.37) 0.846
Model II** 1 1.02(0.79_133) 0.86(061_1.20) 0.78(0.45_1.35) 0.375 1T 094(0.77_1.21) 0.74(0.57_0.97) 1.05(0.82_1.35) 0.944
Model lII*** 1 1.03(0.79 134) 0.86 (0.62_1.21) 0.79(0.45_1.37) 0.399 T 095(0.74_1.22) 0.75(0.57_0.98) 1.06(0.83_1.36) 0972
Anxiety
Crude T 099(0.80_1.22) 0.93(0.75_1.15) 0.89(0.71_1.10) 0.242 1T 087(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_ 125) 91(0.69_1.20) 0.84(0.53_1.33) 0479 1 087(0.70_1.07) 0.78(0.62_0.97) 1.05(0.85_1.30) 0.781
Model I** 1 096(0.76_1.22)  0.86(0.64_1.15) 0.73(0.45_1.19) 0251 1 088(0.71_1.10) 0.77(0.61_0.97) 1.01(0.81_1.26) 0.847
Model I*** 1 0.97(0.76_1.22) 086 (0.64_1.15) 0.74(0.46_121) 027 1 089(0.71_1.11) 0.77(061_098) 1.02(0.81_1.26) 0.877
Stress
Crude T 088(062_1.25 0.79(055_1.13) 0.69(048_1.01) 0.047 T 098(069_140) 0.75(05 10) 0.95(0.66_1.36) 0499
Model I* 1 083(057_1.21) 0.65(040_1.05) 045(0.20_1.01) 0.058 1 095(067_1.36) 0.69 (047 102) 0.93 (0.65_ 34) 0417
Model II** 1 0.83(0.56_1.23) 0.62(0.37_1.02) 0.38(0.16_091) 0.039 1 098(068_142) 0.72(048_1.08) 0.88(0.60_1.29) 0.284
Model lI*** 1 0.83(0.56_1.24) 062 (0.37_1.03) 0.39(0.16_091) 0.041 1 098(068_142) 0.72(048_1.08) 0.88(0.60_1.29) 0.288

1These values are odds ratios (95% Cls)
$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 (TNEF-
a) 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—pituitary-
adrenal (HPA) axis leading to neuroinflammation [21].
Furthermore, indoleamine 2,3-dioxygenase (IDO) is an
enzyme which prevents production of serotonin by cat-
abolizing tryptophan into kynurenine [31]. Increased
activity of IDO and reduction in tryptophan serum lev-
els 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 dif-
fer 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 stud-
ies 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 cross-
sectional 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 associa-
tion between DIL and stress score. Only one previous
study investigated this hypothesis, which reported no
significant relationship between DII or DIL and psy-
chological 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 meas-
urement 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 lon-
gitudinal design are needed to confirm these results.
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