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Introduction: Inadequate sleep quality is a prevalent health concern worldwide. University students
are at a particularly higher risk of experiencing poor sleep quality. Dietary factors can modulate sleep
performance. To the best of our knowledge, no study has yet examined the relationship between the
Article History: dietary insulip index (DII) and_dietar_y insulin load (.DI.L) with sleep quality’among university_ students.
Received: 04 Aug 2025 Therefore, this study aimed to investigate the association between DIl.and DIL and sleep quality among

Accepted: 01 Oct 2025 Iranian university students.

Methods: In 2023, this cross-sectional study was conducted among 330 students enrolled at Kashan
Keywords: University of Medical Sciences. Sleep quality was assessed using the Pittsburgh Sleep Quality Index
Sleep quality (PSQI). Dietary intake was evaluated through a“validated semi-quantitative food frequency
Dietary insulin index questionnaire (FFQ) comprising 117 items. Multivariable regression models were applied to adjust for
Dietary insulin load potential confounding factors, and a P-value of less.than 0.05'was considered statistically significant.

University students

Cross-sectional study

Results: After adjusting for all potential confounders, participants in the highest quartile of DII had
64% lower odds of experiencing sleep disturbances.compared with those in the lowest quartile (OR =
0.36, 95% CI: 0.14-0.88). Similarly, individuals in the fourth quartile of DIL had 65% lower odds of
experiencing sleep disturbances compared to those in the first quartile (OR = 0.35, 95% CI: 0.14-0.84).
However, no statistically significant associations were observed between DII or DIL and overall sleep
quality or its subcomponents.

Conclusion: Higher DII' and DIL were associated with lower odds of sleep disturbances among
university students. These findings suggest a potential role of diet-induced insulin response in
regulating sleep health. Further studies with larger sample sizes and more robust designs, such as
prospective cohortstudies, are warranted to confirm these results.
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estimated that the prevalence of sleep disturbances
among Iranian medical students was 48% (20).

Introduction
Sleep is an essential biological process that plays a

crucial role in maintaining human health and
overall well-being (1). Poor sleep quality is a
primary global health concern (2-4) and has been
associated with an increased risk of obesity (5),
diabetes (6), cardiovascular diseases (7, 8), cancer
(9-11), depression (12) as well as reduced
concentration and memory impairment (13).
Among university students, inadequate sleep may
impair academic performance and negatively affect
both psychological and physical well-being (14-
18). A high prevalence of sleep disturbances has
been reported among university students (19). For
example, a meta-analysis conducted in 2024

Smoking, alcohol consumption, the use of electronic
devices such as smartphones before bedtime,
mental disorders, and unhealthy eating patterns
(21-29) are recognized as risk factors for poor sleep
quality. Previous evidence has also shown that the
intake of specific dietary components, including
processed foods (26, 30), milk and dairy products
(31), and vegetables (32), as well as adherence to
dietary patterns such as the DASH and
Mediterranean diets, may be associated with sleep
quality (33, 34). The dietary insulin index (DII) and
dietary insulin load (DIL) are indices that represent
the capacity of a diet to increase postprandial
insulin levels (35). The food insulin index (FII)
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ranks foods according to their insulinogenic
response. It is a valuable tool for investigating
dietary effects on insulin regulation and the risk of
insulin resistance-related disorders in nutritional
research (35). The FIl is determined by comparing
the insulin response elicited by a test food with that
of an isoenergetic portion of a reference food, such
as glucose or white bread (35). Unlike the glycemic
index (GI), which primarily reflects the
carbohydrate content of foods, the FII also takes
into account the amount and type of protein and fat
consumed (35). DIL is calculated by summing the
products of each food’s FII, energy value, and
consumption frequency (35). DIl is then derived by
dividing DIL by the total daily energy intake (35).
Current evidence on the relationship between DI,
DIL, and sleep quality—particularly among
university students—remains very limited (36). A
study by Sarsangi et al. (2023) reported a
significant inverse association between DIL and
sleep disorders in adults (36). Moreover, higher DII
values were associated with a 39% reduction in the
odds of experiencing sleep disorders in adults (36).
To the best of our knowledge, this is the first study
to examine the association between the dietary
insulin index and insulin load and sleep quality
among university students. Evidence regarding the
relationship between DI, DIL, and sleep quality in
other populations remains limited (36). Moreover,
university students are particularly vulnerable to
sleep disturbances (37, 38), and the prevalence of
such disorders is notably high .among Iranian
students (20). Therefore, investigating.modifiable
risk factors associated with sleep. quality is
essential. Accordingly, the present study aimed to
evaluate the associations between DII and DIL and
sleep quality among university students in Iran.

Materials and Methods

Participants

This cross-sectional study was conducted among
university students at Kashan University of Medical
Sciences, Kashan, Iran, in 2023. The sample size
was calculated based on findings from a previous
study (39), resulting in a total of 330 participants.
Eligible participants were those who: (1) were
university students affiliated with Kashan
University of Medical Sciences; (2) were notin their
examination periods; (3) were free from chronic
diseases, including mental disorders,
cardiovascular  diseases, diabetes, thyroid
disorders, and other similar conditions; (4) were
not taking medications for chronic illnesses,

particularly psychiatric drugs; (5) had not
experienced grief, emotional trauma, or divorce
during the previous three months; (6) had not
followed any special diet within the last three
months; (7) were non-smokers; and (8) were not
pregnant or breastfeeding. Exclusion criteria
included: (1) failure to maintain cooperation with
the researcher until study completion; (2)
underreporting of daily energy intake (<800
kcal/day) or overreporting (>4200 kcal/day); and
(3) alcohol consumption. Written informed consent
was obtained from all participants, and the study
protocol was approved by the Research Council of
the Faculty of Medicine at Kashan University of
Medical Sciences, Kashan, Iran (Ethical code:
IRKAUMS.MEDNT.REC.1402.115).

Dietary Assessment

A validated _and reliable 117-item semi-
quantitative food.frequency questionnaire (FFQ)
was used to assess dietary intake (40). This
questionnaire was developed to capture commonly
consumed foods in Iran, with standardized portion
sizes,(40). Participants reported the frequency and
portion, size of each food item consumed, with
response options ranging from “never or less than
once per month” to “six or more times per day.”
Reported frequencies were then converted to daily
intake values (g/day). Energy, macronutrient, and
micronutrient intakes were calculated using the
United States Department of Agriculture (USDA)
food composition database (41) and the
Nutritionist IV software, which was modified to
include Iranian foods.

Calculation of Dietary Insulin Index and Load

FII values for various food items were obtained
from previously published research (35). The DIL
was calculated by first determining the insulin load
of each food item using the following formula:
Insulin load = FII x energy content of food
(kcal/day). The total DIL was then computed by
summing the insulin loads of all consumed food
items. Finally, the DIl was computed as the ratio of
total DIL to total daily energy intake.

Assessment of Sleep Quality

The Pittsburgh Sleep Quality Index (PSQI) is a
widely recognized and standardized instrument
for assessing sleep quality (42, 43). The validity
and reliability of the Persian version of this
questionnaire have been confirmed, with a
Cronbach’s alpha coefficient of 0.77 (44). The
PSQI is designed to evaluate overall sleep quality
and to distinguish individuals with and without
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sleep disturbances. It consists of seven
components: subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency,
sleep disturbances, use of sleep medication, and
daytime dysfunction. Each component is scored
on a Likert scale ranging from 0 to 3, resulting in
a total global score ranging from 0 to 21. A total
PSQI score greater than 6 indicates poor sleep
quality (45).

Evaluation of Other Variables

Demographic and medical information of
participants was collected through a structured
questionnaire and face-to-face interviews. The
questionnaire gathered demographic data,
including age, college, academic semester, home
ownership status, marital status, and place of
residence (dormitory, native home, or living
alone). It also obtained medical history data, such
as family history of chronic diseases and
psychological disorders, as well as information
on medication and dietary supplement use. Body
weight was measured using a Seca digital scale
with an accuracy of 0.1 kg, while participants
wore light clothing and no shoes. To ensure
measurement precision, the scale was calibrated
daily using standard weights of 1 kg and 2 kg.
Height was measured using a wall-mounted
stadiometer, with participants standing barefoot,
heels against the wall, and head positioned in the
Frankfurt horizontal plane. Height was recorded
to the nearest 0.1 cm. Body mass index (BMI) was
computed as weight (in kilograms) divided by
height squared (in meters squared).

Physical activity levels were evaluated using the
validated International Physical Activity
Questionnaire-Short Form (IPAQ-SF) (46). The
questionnaire measured wthe frequency and
duration of light, .moderate, and vigorous
physical activities lasting at least 10 minutes, as
well as sedentary behavior (sitting time).
Moderate and vigorous activities were defined as
those that induced an elevated heart rate and
perspiration. Metabolic equivalent of task (MET)
values were assigned to each activity level: 3.3
for light, 4.0 for moderate, and 8.0 for vigorous
activities. Physical activity scores were
calculated by multiplying the MET value by the
duration (minutes) and frequency (days per
week) of each activity. Participants’ total weekly
physical activity levels were then classified as
low (<600 MET-min/week), moderate (600-
1500 MET-min/week), or high (>1500 MET-
min/week).

J Nutr Fast Health. 2026; 1-.

Statistical Analysis

The Kolmogorov-Smirnov test was used to
assess the normality of the data distribution. To
control for the effect of energy intake on DII and
DIL scores, adjusted values were calculated using
the residual method (47). Associations between
DII, DIL, and sleep quality were examined after
categorizing these indices into quartiles. The chi-
square test was utilized to evaluate associations
between categorical variables and DII or DIL,
whereas analysis of variance (ANOVA) was used
to compare continuous variables across
quartiles. Analysis of covariance (ANCOVA) was
performed to compare macronutrient and
micronutrient intakes across DIl and DIL
quartiles, with adjustments for potential
confounders. Binary:logistic regression analysis
was employed (to examine the associations
between DII"and DIL scores and overall sleep
quality. Additionally, ordinal logistic regression
was used to investigate the relationships
between DIlrand DIL scores and the component
scores of 'sleep quality. Three models were
designed for adjustment: Model 1 controlled for
age and sex; Model 2 included additional
adjustments for marital status, family history of
psychological and chronic diseases, medication
use, and physical activity (measured in METSs);
and Model 3, the fully adjusted model, further
controlled for BMI. These covariates were
selected based on previous evidence indicating
potential associations with sleep quality. All
statistical analyses were conducted using SPSS
software, version 27.0 (IBM Corp., Armonk, NY,
USA), and a two-sided P-value < 0.05 was
considered statistically significant.

Results

Approximately 32% of the participants were
male and 68% were female. The mean * standard
deviation (SD) values of DII and DIL among the
participants were 41.9 + 5.73 and 92,075 #
31,923, respectively. The mean age of the
participants was 21.4 years. In terms of BMI
classification, 63.6% of the participants had
normal weight, 11.2% were underweight, and
25.2% were overweight or obese. Table 1
presents the general characteristics of
participants across DIl and DIL quartiles.
Participants in the highest quartile of both
indices reported lower medication use compared
with those in the lowest quartile. No other
significant associations were observed between
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DII or DIL and demographic or clinical variables,
including age, weight, height, BMI, sex, academic
term, physical activity status, place of residence,
marital status, family history of chronic or

psychological diseases, supplement use, home
ownership status, and physical activity level
(PAL).

Table 1. General characteristics of study participants across quartiles of DII (Dietary Insulin Index) and DIL (Dietary Insulin Load)

DII DIL
Q1 Q Q3 Q4 P- Q1 Q2 Q3 Q4 P-
Mean = SD value Mean £ SD value
2103 + 216 + 218 + 2109 + 2107 = 218 = 215 + 2107 =
Age (year) 2.44 2.96 3.07 251 017 248 318 2.94 2.35 0.16
. 63.6 + 643 + 663 + 665 @+ 627 = 648 = 672 + 6603 =
Weight (kg) 117 136 172 14.9 047 116 12.3 17.4 157 0.23
. 168 + 168 = 169 =+ 167 + 168 + 168 =
Height (meter) 0.09 1.68+0.1 0.09 0.09 0.86 0.09 0.09 0.09 1.69+0.1 0.81
METs (MET- 1203 + 1183 & 1257 + 1168 + .. 1222 & 1111 & 1381 & 1097 & oo
min/Week) 1101 1071 1175 1012 : 1128 955 1277 950 :
n (%) n (%)
Women 59 (72) 57 (68.7) 58(69.9) 52(63.4) 068  56(683) 62 (74.7)( 57(68.7) 51(622) 039
BMI categories 0.67 0.64
Underweight 9(11)  13(15.7) 6(7.2) 9 (11) 12 (14.6) 8 (9:6) 8(9.6) 9 (11)
Normal ?25 gy S1(614)  56(67.5) 49(598) 52(63.4) 54(65.1) 57(68.7)  47(57.3)
Overweight and 19
by (237) 19029 21(253) 24(293) 18 (22) 21(25.3) 18(21.7)  26(3L7)
lsl;me“” five and ?fz n 3907 32(38.6) 28(341) 037  34(415) 38(458) 31(37.3) 31(37.8) 066
College 0.78 0.22
Medicine ?532 y 3007 47(56.6) 49 (59.8) 43(52.4)% 39 (47) 39 (47) 57 (69.5)
Paramedic %113 py 0008 7 (8.4) 12 (14.6) 11(13.4) 9(108)  12(145)  7(85)
Nursing 18(22) 21(253) 19(229) 16 (19.5) 17 (20.7)  24(289) 19(22.9)  14(17.1)
Health 7(85)  9(10.8) 6(7.2) 3(3.7) 8(9.8) 6(7.2) 9 (10.8) 2 (2.4)
Dentistry 3(37) 5(6) 4(4.8) 2 (24) 3(3.7) 5 (6) 4(4.8) 2(2.4)
Single or widowed 72
e eod @78 7804 76 (91.6) <75(91.5) . 057 73 (89) 75(90.4) 79 (95.2)  74(90.2) 051
Native and living 27
alone (329) 26613 32(386) 35(427), 040  26(317) 26(313) 28(337) 40(488) 006
Family history of 79
psychological (963 BL0O76)  75(904) 79(%63) 012 79(96.3) 80 (96.4) 77(92.8)  78(95.1)  0.67
illness (No) ’
Family history of 7
chronic  disease oo 65(783) 166(795) 70(854) 040  71(866) 65(783) 63(759)  73(89) 0.07
(No) '
History of drug 74 77.(92.8) '82(98.8) 80(97.6) 004  74(90.2) 77(92.8) 82(98.8)  80(97.6) 004
usage (No) (90.2) : . . : : : . . :
History of dietary 57
supplement usage  ’lgE ,66(795) 58(699) 60(732) 043 58(70.7) 66 (79.5) 64 (77.1)  53(646)  0.13
(No) ’
home ownership
status (Tenant) 5(61) 6(7.2) 12 (145)  5(6.1) 015  4(4.9) 7(8.4) 12(145)  5(61) 0.12
PAL 0.98 0.50
Low (353 g 31073 35022) 32(39) 35(427) 38(458) 31(37.3)  30(36.6)
Average ?:1 5 37(446)  36(434)  36(439) 34 (415)  33(39.8) 34 (41) 42 (51.2)
alot (1124 g 15081 120145 14(17.1) 13(15.9) 12(145) 18(21.7)  10(12.2)
Classification of 032 0.27
sleep quality
Good 32(39) 41(494)  44(53) 38 (46.3) 32 (39) 45(542) 39 (47) 39 (47.6)
Bad 50 (61) 42 (50.6) 39 (47) 44 (53.7) 50 (61) 38(45.8) 44 (53) 43 (52.4)

DII: Dietary Insulin Index, DIL: Dietary Insulin Load, METs: Metabolic equivalents, PAL: Physical Activity Level
* Obtained from ANOVA test for quantitative variables and Cross-tab test for qualitative variables

Table 2 presents
participants across quartiles of DII and DIL.
University students in the highest quartiles of
both indices had significantly higher intakes of

the dietary

intakes

of

several macro- and micronutrients, while their
fat intake was lower compared with those in the
lowest quartiles. After adjusting for age, sex, and
energy intake, participants in the highest quartile
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of DII had significantly higher intakes of fiber;
percentage of energy from carbohydrates and
protein; iron, calcium, zinc, magnesium, f3-
carotene; and vitamins A, ascorbic acid, thiamine,
riboflavin, niacin, pyridoxine, and folate
compared with those in the lowest quartile (P <
0.05). Conversely, they reported significantly
lower intakes of percentage of energy from fat,
saturated fatty acids (SFA), monounsaturated
fatty acids (MUFA), and polyunsaturated fatty
acids (PUFA) (P < 0.05). No other significant
associations were observed between DII and
energy intake, vitamin D, or cobalamin (P > 0.05).
For DIL, participants in the highest quartile also
reported significantly higher intakes of energy,

fiber, percentage of energy from carbohydrates
and protein, iron, calcium, zinc, magnesium, -
carotene, and vitamins A, ascorbic acid, thiamine,
riboflavin, niacin, pyridoxine, and folate
compared with those in the lowest quartile (P <
0.05). They also had significantly lower intakes of
energy from fat, as well as from saturated fatty
acids (SFA), monounsaturated fatty acids
(MUFA), and polyunsaturated fatty acids (PUFA)
(P < 0.05). No other significant associations were
observed between DIL and vitamin D or
cobalamin (P > 0.05).

Table 2. Dietary intakes of study participants across quartiles of DIl and DIL

DIl DIL
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Mean + Mean + Mean + Mean P-value Mean Mean P-value
SE SE SE +SE Mean=SE(" Mean®SET  op | gp
2301
2343+ 2120+ 2188+ 2460 1950 2645+
Energy 5207 913 914 + 030 &, 19024852 oo0 “oc <0.001
92.05
Fiber 14.7 + 184+ 18.2 + 13'8 <0001 147+071n 1801z072 87F 187 4401
0.70 0.70 0.70 070 : V i D120 0.71 0.73 :
62.05
. 451+ 532+ 566+ 571+ 61t
% calorie from CHO 0.65 0.64 0.64 025 <0.001 45.6 +0.70 53.3+0.71 0.70 072 <0.001
%calorie from Pro ~ \24*  128: 1408+ 12{8 0.001 122029 127030 139% 132 0.001
0 0.29 0.29 0.29 & : =20 /20 0.29 030 :
o6 calorie from F 442+ 362+ 312+ 27;04 0001 443068 264069 31+ 277+ 0.001
o calorie from Fat 0.65 0.64 0.64 065 ke ke ke 0.68 0.70 <P
SFA 222¢  214: Q975 AP <0001 225+054 211x055 27* 176F_440q
0.54 0.54 053 054 : =0 A0 0.54 0.56 :
421+ 3006+, 2506+ 196 257+ 182+
MUFA T -~ s 113 <0001  416%13  3L1x131 A a3 <0.001
19.6
417+ 3074w 242: 251+ 183+%
PUFA e ), 4 o8 129 <0001 422105 305107 0 Tog <0.001
. 691+ 865 + 918+ 950 936+ 953+
Calcium B n & i oo <0001 697%321  838%324 L g <0.001
1877
1519+ , 1855+ 1871+# 191+ 187+
Fe R oo 056 0?6 <0001 153057 179+058 es <0.001
Z 709+ 802+ 839+ 7'31 <0001 7128022  782s0ny B33 B15: 0.001
n 0.22 0.22 0.22 022 : 120 820 0.22 0.23 :
232+ 269 + 278+ 279+ 279+ 281
Mg o pres Yoo os <0001 232707  267%745 % e <0.001
345+ 466 + 467+ 445+ 487+ 444+
Beta carotene 343 341 341 343 0.03 352 +34.6 442 + 35 346 355 0.04
_ 687 + 911+ 911+ 948+ 967+ 936+
Vitamin A P i 4 wra <0001  702:481  853:486 oA <0.001
175
o 166+ 183+  1.89# 189+ 181+
Vitamin D 013 a3 013 0:;3 0.64 16£013  183%013 o a4 047
Thiami 149+ 169+  181# 1'33 20001 147004  17s004  L82E 191 oo
tamine 0.04 0.04 0.04 0.04 : A2 SED 0.04 0.04 :
Riboflavin 1.3+ 155+ 166+ 1'56 <0001  13%005 152005 \60* 17% <0.001
0.05 0.05 0.05 005 : =220 =ex 0 0.05 0.05 :
J Nutr Fast Health. 2026; 1-. 5
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DII DIL
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
Mean + Mean + Mean + Mean P-value Mean Mean P-value
SE SE SE +SE Mean£SE  Mean£SE | op g
19.5
- 17.1+ 18.02 19.7 £ 19.4 + 199+
Niacin 0.49 0.49 0.49 029 <0.001 16.7 £ 0.49 18.2+0.5 0.49 05 <0.001
Pyridoxine Lizs 133x  134e 1P 0.03 112£006  13:006  33% 133% 0.04
y 0.06 0.06 0.06 066 ' e R 0.06 0.06 :
296 + 346 + 359 + 353+ 369 + 349 +
Folate 14.04 13.9 13.9 14.02 0.007 299 £14.1 337 +£14.2 141 14.4 0.005
2.89
. 2.88 3.07 + 344 + 333+ 317
Cobalamin 019 019 019 01;9 0.15 2.61+0.19 3.17+0.19 019 02 0.05
. . 132 % 165 + 163 £ 178 173 £ 174 £
Ascorbic acid 111 11.07 11.06 111 0.02 130+11.2 161+11.3 112 115 0.01

*) Obtained from the ANCOVA test, adjusted for age, gender and daily energy intake, except for the energy variable, which was only adjusted for age and

gender.

CHO: Carbohydrate; Pro: Protein; Fat: Fatty acid; SFA: Saturated fatty acid; PUFA: Polyunsaturated fatty acid; MUFA: Monounsaturated fatty acid; Fe:

Iron; Zn: Zinc; Mg: magnesium

Findings from the binary and ordinal logistic
regression analyses examining the associations
between DII and DIL and overall sleep quality, as
well as its components, are presented in Table 3.
Higher quartiles of both indices were generally
associated with lower odds of sleep disturbances.
After adjustment for potential confounders,
university students in the highest quartile of DII
had 22% lower—but not statistically
significant—odds of poor overall sleep quality
(OR = 0.78, 95% CI: 0.41-1.49; P-trend = 0.44).
However, they had significantly lower odds(by

64%) of experiencing sleep disturbances (OR =
0.36,95% CI: 0.14-0.88) compared with those in
the lowest quartile of DII. Other components of
sleep quality, including subjective sleep quality,
sleep latency, sleep efficiency, use of sleep
medication;wand daytime dysfunction, showed
inverse but non-significant associations with DII.
A non-significant positive association was
observed between sleep duration and DII (OR for
highest vs. lowest quartile = 1.30, 95% CI: 0.74-
2:30).

Table 3. Multivariable-adjusted ORs (and 95% Cls) for sleep quality and its components across quartiles of DII and DIL

DIl DIL
Q1 Q2 Q3 Q4 fren QL Q2 Q3 Q4 P-
OR (95% CI) d OR (95% CI) trend

Overall sleep quality*
0.65 056 0.74 0.54 072 0.70

Crude T (035,1.21) 03,105  (039,137) %30 1 (029,1004) (038134 (038 131) %
0.67 0.58 0.77 0.52 0.72 0.72

Model 1 1 (0.36,1.25) (031,1.08)  (0.41,1.44) 0361 (028098 (0.38,135) (038,135  °°3
0.64 0.58 0.8 0.51 0.73 0.76

Model 2 L (034,122 03,1.1) 042,151 " 1 026097 (03814  (04144) 68
0.64 0.56 0.78 0.49 0.71 0.74

Model 3 L (033,122) (029,1.08) (041,149 %" 1 (026095  (037,1.36)  (039,141) 3

Subjective sleep quality**

rude . 058 0.61 067 | 048 0.70 0.70 -
(03,1.11) (032,1.17)  (0.35,1.28) (025,092)  (0.36,1.33)  (0.36,1.33)

Model 1 L 059 0.63 0.68 . 048 0.70 0.70 )
(031,1.14) (033,121)  (0.35,1.3) (025,093)  (0.37,1.35)  (0.37,1.34)

Model 2 , 058 0.67 0.75 L 046 0.75 0.79 )
(03,1.12) (0.34,1.3) (0.38, 1.45) (0.24, 0.9) (0.38,1.46)  (0.41,1.54)

Model 3 L 07 0.63 0.59 L 044 0.69 0.75 )
(0.29,1.11) (032,1.23)  (0.33,1.04) (022,0.86)  (0.35,1.35)  (0.39,1.46)

Sleep latency**

rude . 076 0.63 059 | 081 0.64 0.65 )
(0.43,1.33) (0.36, 1.1) (0.33, 1.04) (047,142)  (036,1.11)  (0.37,1.14)

Model 1 , 05 0.62 0.61 . 076 0.62 0.67 )
(0.43,1.32) (035,1.08)  (0.34,1.07) (043,134)  (0.35,1.08)  (0.38,1.18)

Model 2 . 076 0.65 0.64 . 076 0.66 0.69 )
(0.43,1.33) (036,1.15)  (0.36,1.12) (043,1.35)  (037,1.17)  (0.39,1.22)

Model 3 . 076 0.64 0.63 . 076 0.64 0.68 )
(0.43,1.34) (036,1.14)  (0.36,1.12) (043,133)  (0.36,1.14)  (0.38,1.2)

Sleep duration**
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Crude 1 0.95 0.77 1.28 1 111 0.89 (0.51, 1.5 :
(0.54, 1.65) (0.44,1.34) (0.74, 2.24) (0.64, 1.93) 1.55) (0.86, 2.62)

Model 1 1 0.99 0.82 1.28 1 1.21 0.93 1.51 )
(0.56,1.73) (0.47, 1.44) (0.73,2.24) (0.69,2.12) (0.53,1.63) (0.86, 2.64)

Model 2 1 0.96 0.8 1.34 1 1.21 0.92 1.62 :
(0.54, 1.68) (0.45,1.43) (0.76, 2.35) (0.69, 2.13) (0.51,1.63) (0.92, 2.85)
0.95 0.79 1.18 0.87 1.59

Model 3 T (0.54,1.68) (044,14) 13007423 L (067,209)  (049,156)  (09,2.8) -

Sleep efficiency**

Crude 1 0.89 0.48 0.73 1 1.01 0.70 0.84 :
(0.42,1.87) (0.21,1.11) (0.34,1.58) (0.47, 2.16) (0.31,1.58) (0.38,1.85)

Model 1 1 0.94 0.52 0.76 1 1.06 0.74 (0.32, 0.87 )
(0.44,2.001) (0.22,1.21) (0.35,1.65) (0.49, 2.29) 1.67) (0.39,1.91)

Model 2 1 0.99 0.57 0.78 1 1.14 0.84 0.88 )
(0.46, 2.13) (0.24,1.34) (0.35,1.73) (0.52,2.5) (0.36,1.94) (0.39,1.97)

Model 3 1 0.99 0.55 0.76 1 111 0.80 0.85 :
(0.46, 2.13) (0.23,1.3) (0.34,1.68) (0.5, 2.44) (0.34,1.85) (0.38,1.92)

Sleep disturbances**

Crude 1 0.35 0.35 0.34 1 0.46 0.54 0.35 :
(0.14,0.84) (0.14,0.83) (0.14, 0.83) (0.19, 1.08) (0.23,1.28) (0.15,0.84)

Model 1 1 0.36 0.35 0.36 1 0.45 0.55 0.36 :
(0.15, 0.86) (0.15,0.85) (0.15,0.87) (0.19,1.08) (0:23,1.3) (0.15, 0.86)

Model 2 1 0.37 0.34 0.38 1 0.46 0.59 0.37 }
(0.15,0.91) (0.13,0.84) (0.15,0.93) (0.19,1.1) (0.24,1.45) (0.15,0.89)

Model 3 1 0.37 0.32 0.36 1 0.43 0.55 0.35 )
(0.15,0.9) (0.13,0.79) (0.14, 0.88) (0.18, 1.05) (0.22,1.34) (0.14,0.84)

Use of sleep medication**

Crude 1 0.89 0.95 0.67 1 1.15 1.11 0.75 }
(0.34,2.31) (0.37,2.44) (0.24,1.86) (044, 2.98) (0.42, 2.89) (0.26,2.14)

Model 1 1 0.9 0.93 0.72 1 1.05 1.07 0.79 )
(0.34, 2.36) (0.35,2.41) (0.25, 2.009) (04, 2.76) (0.4, 2.83) (0.27, 2.28)

Model 2 1 1.03 1.15 0.9 1 1.15 1.40 1.01 }
(0.38,2.79) (0.42,3.15) (0.31,2.63) (0.42,3.13) (0.49,3.97) (0.33,3.01)

Model 3 1 1.03 1.15 0.9 ) 1 116  (0.42, 1.40 1.01 )
(0.38,2.78) (0.42,3.15) (0.31, 2.64) 3.14) (0.49, 3.99) (0.33,3.01)

Daytime dysfunction**

Crude 1 0.91 0.72 0.9 1 0.62 0.88 0.70 }
(0.52,1.58) (0.41, 1.26) (0.51, 1:57) (0.35,1.08) (0.51,1.54) (0.4,1.22)

Model 1 1 0.92 0.74 0.92 1 0.61 0.88 0.71 )
(0.52,1.61) (0.42,1.29) (0.53,1.62) (0.34,1.07) (0.5,1.55) (0.41, 1.25)

Model 2 1 0.82 0.7 0.91 1 0.55 0.83 0.72 R
(0.47,1.45) (0.39,1.24) (0.52,1.6) (0.31,0.97) (0.47,1.48) (0.41, 1.26)

Model 3 1 0.82 0.7 0.91 1 0.55 0.83 0.71
(0.47,1.45) (0.39,1.24) (0.51,1.6) (0.31,0.97) (0.46,1.47) (0.4,1.26)

* Obtained from Binary regression test

** Obtained from the Ordinal regression test

Model 1: Adjusted for age and sex

Model 2: further adjustment was made for marital status, family history of psychological illness, family history of chronic illness, history of medication

use, and METs

Model 3: further adjustment was made for body mass index

With respect to DIL, participants in the highest
quartile had 26% lower—but not statistically
significant—odds of poor overall sleep quality (OR
= 0.74, 95% CI: 0.39-1.41; P-trend = 0.63).
However, they had significantly lower odds (by
65%) of experiencing sleep disturbances (OR =
0.35, 95% CI: 0.14-0.84) compared with those in
the lowest quartile of DIL. Other components of
sleep quality, including subjective sleep quality,
sleep latency, sleep efficiency, and daytime
dysfunction, showed inverse but non-significant
associations with DIL. Non-significant positive
associations were also observed between DIL and
the components of sleep duration and use of sleep
medication.
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Discussion

The present study demonstrated a significant
inverse association between DII and DIL and the
component of sleep disturbances. To the best of our
knowledge, this is the first study to examine the
relationship between DII and DIL and sleep quality
among university students.

Inadequate sleep quality represents a significant
public health concern. It is particularly prevalent
among university students, where it can impair
academic performance, reduce quality of life, and
increase symptoms of depression and anxiety (31,
48). In the present study, participants in the highest
quartiles of DIl and DIL had 64% and 65%,
respectively, lower odds of experiencing sleep
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disturbances compared with those with the lowest
dietary insulin potential. However, no other
significant associations were observed between
these dietary factors and overall sleep quality or
other sleep components. Evidence examining the
relationship between DII, DIL, and sleep quality is
minimal (36). Consistent with our findings, the only
available study conducted by Sarsangi et al. found
that participants in the third tertile of DIL had 62%
significantly lower odds of sleep disturbances
compared with those in the first tertile. Moreover,
higher DII was significantly associated with a 39%
reduction in the odds of sleep disturbances (36).
Some mechanisms could elucidate the link between
DII, DIL, and sleep disturbances. Insulin enhances
the plasma tryptophan-to-large neutral amino acid
(LNAA) ratio by promoting the uptake of LNAAs
into skeletal muscles, excluding tryptophan. This
process facilitates greater tryptophan transport
across the blood-brain barrier, thereby enhancing
serotonin synthesis (49, 50). Serotonin, a critical
neurotransmitter involved in mood regulation,
psychological well-being, and sleep quality, is
subsequently converted into melatonin through
two enzymatic steps (51). First, serotonin is
acetylated by serotonin N-acetyltransferase
(AANAT) to form N-acetylserotonin (NAS), which
represents the rate-limiting step in melatonin
synthesis. Then, NAS is methylated by
acetylserotonin O-methyltransferase (ASMT) to
produce melatonin—the principal hormone
responsible for regulating the sleep-wake cycle
(52). Furthermore, insulin has been..shown to
directly regulate circadian clocks in adipose tissue.
Studies have demonstrated that.postprandial
insulin levels can entrain circadian rhythms in
adipocytes, resulting  in. phase shifts in the
expression of core clock genes, such as PER2
(Period Circadian Regulator 2). This regulation
suggests that insulin contributes to the alignment of
peripheral circadian clocks with external feeding
cues, which in turn may influence sleep-wake
patterns (53). Additionally, insulin may affect sleep
quality by modulating the hypothalamic-pituitary-
adrenal (HPA) axis, a key system involved in stress
response and sleep regulation. The consumption of
carbohydrate- and sugar-rich foods, which
stimulate postprandial insulin release, has been
shown to attenuate HPA axis activity and decrease
cortisol secretion. This effect may help alleviate
perceived stress—a common issue among
university students—and thereby indirectly
promote better sleep quality (54, 55).

This study had several notable strengths. To the
best of our knowledge, it was the first to explore the
relationship between DIl and DIL and sleep quality
among university students. Validated instruments
were used to assess both sleep quality and dietary
intake, thereby minimizing potential measurement
errors. Comprehensive control for confounding
variables—including age, sex, marital status, family
history of mental or chronic diseases, medication
use, physical activity, and BMI—was achieved. Data
collection was conducted via interviews by trained
nutritionists, which helped to reduce recall bias.
Furthermore, the associations between the severity
of each sleep quality component and both DII and
DIL were examined. However, several limitations
should be acknowledged. The cross-sectional
design of the study.precludes causal inference;
therefore, the observed associations should be
interpreted with caution. Although dietary intake
was assessed usingan FFQ, which is typically prone
to recall bias'(56), trained professionals assisted
participants“in completing the questionnaires to
minimize this bias. Despite the use of a validated
FFQ,~ the possibility of dietary intake
misclassification or misreporting cannot be
completely ruled out. To mitigate this concern,
energy-adjusted DII and DIL indices were applied
to reduce the likelihood of misclassification.
Although a wide range of potential confounders
was controlled for, residual confounding may still
exist. Additionally, sleep quality was assessed
through a self-reported questionnaire, which may
be subject to measurement error and reporting
bias, potentially affecting the accuracy of the
observed associations.

In conclusion, the findings of this study suggest a
significant inverse association between DII and DIL
and sleep disturbances. These results may have
important implications for dietary
recommendations and the design of university
health programs aimed at improving sleep quality
through nutritional strategies. Further research—
particularly longitudinal studies—is warranted to
confirm these findings and clarify the underlying
mechanisms.
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