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Abstract 

Background and aims  Research examining the relationship between glycemic and insulin indices and sleep quality 
and duration is scarce and has yielded contradictory results. This study evaluated the relationship between dietary 
glycemic and insulin indices and the quality and quantity of sleep among adults referred for angiography.

Methods  The present cross-sectional study was conducted on 653 participants referred for angiography at Afshar 
Hospital, Yazd, central Iran. Sleep parameters were evaluated through the Pittsburgh Sleep Quality Index (PSQI). 
Dietary intakes were assessed using a validated food frequency questionnaire (FFQ). Binary logistic regression 
was employed to determine the association between dietary glycemic and insulin indices and sleep quality 
and quantity among patients with cardiovascular risk factors. 

Results  After adjusting for factors including age, sex, energy intake, marital status, education level, occupation, eco-
nomic condition, body mass index, smoking status, drug addiction, physical activity, depression score, syntax score, 
diabetes status, and caffeine intake, analyses revealed a significant positive association between the dietary insulin 
index (DII) and sleep disorders (OR = 2.42; 95%CI: 1.20–4.87, Ptrend = 0.003). Additionally, the dietary glycemic index 
(DGI) was positively associated with sleep latency (OR = 1.81; 95%CI: 1.06–3.10, Ptrend = 0.04). No significant relationship 
was observed between dietary glycemic or insulin load and overall sleep quality or its components.

Conclusion  In conclusion, greater DII might be associated with the odds of sleep disorders. Also, higher DGI 
was linked to the likelihood of sleep latency among adults undergoing angiography. Further prospective studies are 
necessary to corroborate our results.
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Introduction
Sleep is a vital and complex biological process affecting 
several physiological functions such as brain activity, 
metabolism, appetite regulation, immune and hormonal 
status, and cardiovascular  health [1–7]. It is becoming 
more evident that insufficient sleep duration and poor 
sleep quality pose serious health risks [8]. Sleep depri-
vation, both in terms of quantity and quality, has been 
linked to an increased risk of diseases such as cancer, car-
diovascular disease, and diabetes [9–11].

Various factors, including job status, age, educational 
level, household income, and residential area, influence 
sleep quality and quantity [12]. Dietary intake also plays 
a significant role in sleep patterns [13]. It has been dem-
onstrated that a diet high in fruits, vegetables, whole 
grains, and lean protein sources can enhance sleep [14, 
15]. In addition, consuming nuts and dairy products 
may beneficially affect sleep duration and quality [16, 
17], while inadequate protein and carbohydrate intake 
may result in shorter sleep duration [18]. Studies have 
shown that poor sleep quality and duration are associ-
ated with decreased insulin secretion [19] and sensitivity 
[20], respectively. Dietary carbohydrates are particularly 
noted for raising blood glucose levels after meals and 
stimulating postprandial insulin secretion [21]. Dietary 
carbohydrate intake alone cannot fully explain the body’s 
glycemic response; therefore, several indices have been 
proposed. The dietary glycemic index (GI) evaluates the 
impact of dietary carbohydrates on blood sugar levels 
after meals, using white bread or glucose as comparative 
references [22, 23]. The glycemic load (GL) is an indicator 
that considers both the quality and quantity of carbohy-
drates in a diet, determined by multiplying foods’ glyce-
mic index (GI) by the content of available carbohydrates 
[24]. Besides carbohydrates, other compounds, including 
specific amino acids, fructose, and fatty acids, can signifi-
cantly affect insulin secretion [25, 26]. Therefore, the food 
insulin index (FII) in healthy subjects is ascertained by 
comparing the insulin-stimulating potential of a specific 
food with a reference food of the same caloric value [27]. 
Furthermore, dietary insulin load (DIL), derived from FII, 
energy content, and food frequency, is proposed to offer 
a more precise estimation of insulin demand than glyce-
mic load or carbohydrate content alone [28]. 

A limited number of studies have tried to evaluate 
the association between dietary GI or GL, dietary insu-
lin index (DII) or DIL, and Sleep quality and duration 
in adults [29–32]. The results of a large cross-sectional 
study on Iranian adults indicated a positive relationship 
between DGL and odds of long sleep duration [30]. In the 
study conducted by Daniel et al. [31], which was focused 
on male athletes, a low glycemic diet did not significantly 
affect sleep duration. On the other hand, another study 

highlighted that diets with a high GI may increase the risk 
of insomnia in postmenopausal women [32]. Sarsangi 
et al. [29] also demonstrated that higher DIL and DII are 
related to a lower likelihood of sleep disorder. Consider-
ing the limited and inconsistent data on the subject, in 
the present study, we aimed to evaluate the relationship 
between DII, DIL, DGI, and DGL and sleep quality and 
quantity in adults referred for angiography in Yazd, Iran.

Methods
This cross-sectional study was conducted in Yazd City, 
central Iran, with 720 recruited participants. The study 
was part of a broader investigation focusing on individ-
uals aged 35–75 years referred to Afshar Central Heart 
Hospital for angiography between June 2020 and Novem-
ber 2021. Information about our study design, partici-
pants, and data collection was expressed extensively 
in its published protocol [33]. In brief, using standard 
questionnaires, trained staff collected data about cur-
rent health conditions and the history of diseases, smok-
ing status, physical activity, and socio-demographic 
characteristics.

The study focused on individuals aged 35 to 75, as heart 
disease is most common in this range [34]. Those under 
35 were excluded due to the genetic nature of early-onset 
cases [35] and this was not in the scope of the current 
study, while those over 75 were excluded to ensure accu-
rate responses [36].

Participants were excluded from the study if they had 
kidney disease, liver failure, or a history of heart condi-
tions, including chronic heart failure, previous percuta-
neous coronary intervention, myocardial infarction, or 
coronary artery bypass grafting. Other exclusion criteria 
included a history of cancer, acquired immunodeficiency 
syndrome (AIDS), immune system disorders, mental 
or cognitive impairments, morbid obesity (body mass 
index [BMI] > 40 kg/m2), pregnancy, breastfeeding, or 
restrictions on oral food intake [33]. Participants with a 
reported total energy intake exceeding 5500 kcal/day or 
below 800 kcal/day (n = 67) were excluded from the cur-
rent analysis. This omission led to 653 participants who 
left for the final analysis.

The present study was conducted based on the Decla-
ration of Helsinki and has been approved by the Ethics 
Committee of Shahid Sadoughi University of Medical 
Sciences, Yazd, Iran (ethics approval code: IR.SSU.SPH.
REC.1402.201). An informed consent was obtained from 
all participants.

Dietary assessment
A validated 182-item food frequency questionnaire 
(FFQ) was applied to assess the usual dietary intake of 
participants during the previous year [33, 37]. This study 
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adapted a previously validated 178-item FFQ designed 
to evaluate the dietary habits of adults residing in Yazd, 
Iran [37]. Trained nutritionists asked participants to 
report how often they consumed each item over the 
past year using a 10-point scale, with options ranging 
from"never"to"ten or more times per day."These frequen-
cies were then converted to daily consumption rates. 
The daily intake was calculated in grams by multiplying 
the reported frequency by a predefined standard portion 
size.

Assessment of dietary glycemic index and load
The glycemic index was derived from previous references 
[38–42]. Moreover, the glycemic index of Iranian food 
items was obtained using the glycemic index tables [43] 
and the glycemic index list of Iranian foods [44]. The food 
lists, as well as their GI, are provided in Supplementary 
Table  1. If certain food items’glycemic index (GI) was 
not reported in the referenced studies, the GI values of 
compositionally similar foods were used as substitutes. 
For instance, the GI value of Sohan, mainly made of flour, 
nuts, and sugar, was considered the same as sugar. GI for 
mixed meals was calculated by considering the GI val-
ues of the individual components of each meal. Foods’ 
total carbohydrate and fiber contents were derived from 
the US Department of Agriculture food composition 
Table [45]. Foods’ available carbohydrate content was 
obtained by subtracting the fiber content from the total 
carbohydrates [46]. Glucose was the reference food for 
all extracted GIs. For each participant, dietary glycemic 
index (DGI) and dietary glycemic load (DGL) were pro-
vided by using the following formula [46]:

Assessment of dietary insulin index and load
Food insulin index (FII) was defined as the incremental 
insulin area under the curve during 120 min in response 
to intake of 1000-kJ (239 kcal) portion of the test food 
divided by the area under the curve after consuming a 
reference food with the same energy content. The food 
lists, as well as their FII, are provided in Supplementary 
Table 1. The FII was extracted from the tables of previous 
publications [27, 40, 47–50]. For foods without an insu-
lin index that is available in the lists of previous studies, 
the insulin index of foods with similar energy and macro-
nutrient content was used. The insulin index of Yazd 
traditional foods was estimated based on their ingredi-
ents; for example, Pashmak consists of sugar and flour. 

DGI : (GI each food item× available amount of carbohydrate of that food)/ total available carbohydrate

DGL : (DGI × total available carbohydrate)/100

So, its insulin index was considered the same as that of 
sugar. First, the following formula was used to determine 
the insulin load of each food: FII of that food × energy 
content per 1  g (kcal) × amount of that food consumed 
(g/d). The DIL was obtained by summing each food insu-
lin load, and DII was calculated by dividing DIL by total 
energy intake.

Sleep quality
The Pittsburgh Sleep Quality Index (PSQI) was used to 
evaluate sleep quality in the previous month [51]. The 
validity and reliability of this questionnaire have been 
previously confirmed in the Iranian population [52]. 
This questionnaire consists of 18 questions and seven 
domains, including subjective sleep quality, sleep latency, 
sleep duration, sleep efficiency, sleep disturbances, use 
of sleeping medication, and daytime dysfunction. Each 
domain is scored from zero to three (0 indicates no prob-
lem, and 3 indicates a severe problem), and the overall 
score is calculated by summing the scores of all seven 
domains. A score above five is considered poor sleep 
quality. Sleep duration was obtained using the difference 
between sleep and wake time, and a sleep duration of less 
than 6 h was deemed insufficient.

Other variables
Trained nutritionists did anthropometric measure-
ments. A digital scale (Omron BF51 Japan) was used to 
measure weight to the nearest 100 g when participants 
wore minimum clothes, and height was measured in 
the standard position with an accuracy of 0.1 cm. Body 
mass index (BMI) was calculated by dividing weight (Kg) 

by height squared (m2). Physical activity was assessed 
using the International Physical Activity Questionnaire 
(IPAQ) [44]. Physical activity levels were estimated using 
the metric of metabolic equivalent task (MET) minutes 
per week. Depressive symptoms were assessed with the 
Patient Health Questionnaire-9 (PHQ-9), a nine-item 
tool that evaluates the frequency of depressive symptoms 
over the past two weeks [53]. The validity and reliability 
of this questionnaire were previously confirmed within 
the Iranian population [54]. This questionnaire consists 
of 9 questions with options ranging from"not at all"(0) 
to"nearly every day"(3), resulting in a total score between 
0 and 27. Based on these scores, depression severity was 
categorized into two groups: no or mild depression (0–9) 
and moderate or severe depression (10–27), using estab-
lished thresholds [53, 55].
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Table 3  Multivariable-adjusted ORs (and 95% CIs) for sleep quality and its components across quartiles of dietary insulin index, dietary 
insulin load, dietary glycemic index, and dietary glycemic load

Dietary insulin index Dietary insulin load
Q1 Q2 Q3 Q4 P-trend Q1 Q2 Q3 Q4 P-trend

Subjective sleep quality
  Crude 1 1.18(0.70,1.98) 1.19(0.72,1.99) 1.04(0.62,1.77) 0.86 1 0.87(0.53,1.43) 0.75(0.45,1.24) 0.70(0.42,1.17) 0.14

  Model 1a 1 1.17(0.68,2.00) 1.29(0.75,2.20) 1.06(0.61,1.84) 0.75 1 1.24(0.69,2.21) 1.45(0.68,3.10) 1.92(0.60,6.14) 0.28

  Model 2b 1 1.07(0.56,2.05) 1.26(0.66,2.38) 1.24(0.65,2.39) 0.43 1 1.47(0.73,2.95) 2.10(0.85,5.18) 2.73(0.71,10.52) 0.11

Sleep latency
  Crude 1 1.20(0.77,1.88) 1.17(0.75,1.82) 0.94(0.60,1.49) 0.80 1 0.65(0.41,1.02) 0.55(0.35,0.87) 0.45(0.29,0.72) 0.001

  Model 1 1 1.21(0.76,1.93) 1.18(0.74,1.88) 0.91(0.57,1.46) 0.69 1 0.70(0.42,1.18) 0.66(0.34,1.28) 0.48(0.18,1.33) 0.18

  Model 2 1 0.83(0.49,1.42) 0.97(0.57,1.65) 0.84(0.49,1.45) 0.70 1 0.90(0.50,1.60) 0.77(0.36,1.64) 0.60(0.19,1.90) 0.42

Sleep duration
  Crude 1 0.84(0.51,1.40) 0.87(0.52,1.43) 0.48(0.27,0.85) 0.02 1 0.78(0.45,1.35) 1.15(0.69,1.93) 1.07(0.64,1.81) 0.49

  Model 1 1 0.86(0.51,1.45) 0.91(0.54,1.52) 0.50(0.28,0.89) 0.03 1 0.67(0.36,1.25) 0.80(0.38,1.70) 0.51(0.16,1.66) 0.42

  Model 2 1 0.92(0.51,1.67) 1.06(0.59,1.90) 0.56(0.29,1.08) 0.15 1 0.58(0.29,1.16) 0.75(0.32,1.75) 0.37(0.10,1.37) 0.28

Sleep efficiency
  Crude 1 1.41(0.83,2.42) 1.36(0.79,2.31) 1.25(0.72,2.17) 0.49 1 0.71(0.42,1.20) 0.80(0.48,1.33) 0.72(0.43,1.21) 0.28

  Model 1 1 1.41(0.82,2.43) 1.33(0.77,2.31) 1.23(0.70,2.15) 0.55 1 0.62(0.34,1.13) 0.69(0.33,1.47) 0.46(0.14,1.50) 0.25

  Model 2 1 1.43(0.76,2.70) 1.65(0.89,3.06) 1.52(0.80,2.88) 0.18 1 0.64(0.33,1.24) 0.90(0.39,2.07) 0.58(0.16,2.13) 0.60

Sleep disorders
  Crude 1 1.06(0.62,1.79) 1.48(0.89,2.45) 1.33(0.79,2.24) 0.15 1 0.93(0.57,1.52) 0.50(0.29,0.85) 0.80(0.49,1.31) 0.12

  Model 1 1 1.12(0.64,1.98) 1.79(1.03,3.10) 1.47(0.84,2.58) 0.07 1 1.08(0.60,1.93) 0.61(0.28,1.35) 0.99(0.30,3.21) 0.50

  Model 2 1 1.57(0.77,3.21) 3.03(1.52,6.02) 2.42(1.20,4.87) 0.003 1 0.96(0.48,1.93) 0.69(0.27,1.75) 1.71(0.30,4.60) 0.78

Use of sleep medicine
  Crude 1 1.43(0.76,2.71) 1.31(0.69,2.48) 1.87(1.00,3.48) 0.08 1 1.19(0.69,2.07) 0.42(0.21,0.82) 0.72(0.39,1.30) 0.04

  Model 1 1 1.48(0.76,2.87) 1.40(0.72,2.72) 1.97(1.04,3.74) 0.06 1 1.59(0.84,3.02) 0.69(0.27,1.77) 1.56(0.40,6.03) 0.97

  Model 2 1 1.47(0.68,3.19) 1.31(0.61,2.81) 1.95(0.91,4.16) 0.13 1 1.26(0.60,2.65) 0.57(0.19,1.68) 0.85(0.18,4.12) 0.54

Daytime dysfunction
  Crude 1 1.65(0.97,2.81) 1.37(0.80,2.33) 1.42(0.82,2.44) 0.36 1 1.09(0.65,1.83) 1.01(0.60,1.70) 1.06(0.63,1.78) 0.90

  Model 1 1 1.71(0.99,2.97) 1.47(0.84,2.57) 1.46(0.83,2.56) 0.30 1 1.28(0.71,2.32) 1.33(0.62,2.85) 1.41(0.44,4.49) 0.50

  Model 2 1 1.59(0.83,3.07) 1.17(0.60,2.27) 1.50(0.77,2.91) 0.44 1 1.22(0.61,2.42) 1.15(0.46,2.84) 0.96(0.25,3.74) 0.91

Total sleep quality
  Crude 1 1.47(0.92,2.34) 1.20(0.76,1.90) 1.34(0.83,2.14) 0.38 1 0.64(0.40,1.02) 0.60(0.38,0.97) 0.48(0.30,0.77) 0.003

  Model 1 1 1.50(0.91,2.47) 1.16(0.71,1.91) 1.33(0.80,2.21) 0.47 1 0.65(0.37,1.14) 0.72(0.36,1.46) 0.49(0.17,1.43) 0.27

  Model 2 1 1.31(0.74,2.32) 1.05(0.59,1.86) 1.21(0.68,2.18) 0.75 1 0.62(0.33,1.16) 0.77(0.34,1.74) 0.41(0.12,1.38) 0.29

Dietary glycemic index Dietary glycemic load
Q1 Q2 Q3 Q4 P-trend Q1 Q2 Q3 Q4 P-trend

Subjective sleep quality
  Crude 1 1.67(0.98,2.85) 1.86(1.09,3.15) 1.40(0.81,2.42) 0.22 1 0.63(0.37,1.06) 1.06(0.65,1.73) 0.82(0.50,1.37) 0.93

  Model 1 1 1.36(0.77,2.43) 1.85(1.06,3.22) 1.52(0.86,2.70) 0.09 1 0.88(0.48,1.59) 1.45(0.83,2.51) 1.40(0.73,2.66) 0.10

  Model 2 1 1,69(0.86,3.34) 2.05(1.06,4.00) 1.66(0.84,3.28) 0.12 1 0.95(0.47,1.91) 1.57(0.80,3.05) 1.48(0.69,3.13) 0.13

Sleep latency
  Crude 1 1.71(1.09,2.68) 1.39(0.89,2.17) 1.52(0.97,2.39) 0.15 1 0.45(0.28,0.71) 0.79(0.50,1.23) 0.60(0.38,0.94) 0.18

  Model 1 1 1.45(0.89,2.35) 1.37(0.85,2.19) 1.80(1.12,2.91) 0.03 1 0.57(0.34,0.94) 1.00(0.61,1.66) 0.94(0.53,1.66) 0.43

  Model 2 1 1.49(0.87,2.57) 1.49(0.87,2.57) 1.81(1.06,3.10) 0.04 1 0.52(0.22,0.92) 0.96(0.54,1.69) 0.95(0.50,1.80) 0.42

Sleep duration
  Crude 1 0.80(0.47,1.38) 0.76(0.44,1.31) 1.34(0.81,2.23) 0.29 1 1.16(0.67,2.02) 1.50(0.88,2.55) 1.31(0.76,2.25) 0.23

  Model 1 1 0.88(0.50,1.57) 0.87(0.50,1.52) 1.52(0.90,2.57) 0.15 1 1.03(0.56,1.91) 1.51(0.84,2.72) 1.26(0.65,2.47) 0.26

  Model 2 1 1.04(0.55,1.94) 0.79(0.42,1.50) 1.46(0.81,2.64) 0.34 1 0.98(0.50,1.94) 1.49(0.78,2.88) 1.09(0.52,2.31) 0.48

Sleep efficiency
  Crude 1 1.32(0.76,2.27) 1.55(0.91,2.64) 1.44(0.84,2.47) 0.15 1 0.71(0.41,1.22) 0.97(0.58,1.62) 1.04(0.62,1.75) 0.61
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The Gensini score (GS) and syntax score II (SS-II) were 
used to measure the degree and severity of coronary 
artery stenosis [56, 57]. In GS, atherosclerotic lesions are 
divided into scores of 1, 2, 4, 8, and 32 based on the per-
centage of lumen obstruction [58]. The GS scores below 
23 indicated non-severe coronary artery occlusion, while 
scores of 23 or above suggested severe coronary artery 
occlusion [59]. The Syntax Score II (SS-II) encompassed 
anatomical parameters to assess the severity of coronary 
artery disease (CAD). SS II values ​​less than 22 were con-
sidered low severity, and values ​​greater than 22 as mod-
erate to high severity of coronary artery stenosis [59, 60].

Statistical analysis
Subjects were classified into quartiles based on the DIL, 
DII, DGL, and DGI. Categorical and continuous variables 
were compared across quartiles using the chi-square test 
and variance analysis (ANOVA). Qualitative variables 
were presented as numbers (percentages), and quantita-
tive variables were mean ± standard deviation (SD). The 
analysis of covariance (ANCOVA) was utilized to com-
pare age, sex, and energy-adjusted nutrients and food 
group intake across the quartiles of DII, DIL, DGI, and 
DGL. Binary logistic regression was used to evaluate the 
association between DII, DIL, DGL, and DGI and the 
odds of low sleep quality and other sleep abnormalities in 
crude and adjusted models. Model 1 was adjusted for age, 
energy, and sex; Model 2 included additional adjustments 
for marital status, education level, occupation, economic 

condition, BMI, smoking status, drug addiction, physi-
cal activity (METs/wk), Patient Health Questionaire-9 
(PHQ9) score, syntax score, diabetes(yes/no) and caffeine 
intake. The first quartile of DIL, DII, DGI, or DGL was 
considered the reference category for all models. We also 
conducted a stratified analysis based on sex and diabetes 
status. All statistical analyses were performed using SPSS 
software (version 26.0; SPSS Inc, Chicago, IL). A p-value 
equal to or less than 0.05 was considered statistically 
significant.

Results
After excluding those with implausible energy intake, 653 
participants were included in the analysis. The average 
age of the subjects was 56.68 ± 9.80, and men constituted 
60.2% of the participants. The general characteristics of 
study participants across quartiles of DIL and DII are 
represented in Table 1. Furthermore, the general charac-
teristics of study participants across quartiles of DGI and 
DGL are indicated in Supplementary Table  2. All pre-
sented variables differed significantly across DIL except 
for BMI in the DIL quartile (P > 0.05). Additionally, indi-
viduals with higher DII were less physically active (P < 
0.05). Participants in the highest quartile of DGL and 
DGI were primarily male and likely younger than those 
in the lowest quartile of DGL and DGI (P < 0.05). The 
distribution of participants in terms of educational level, 
economic status, occupation, smoking status, and drug 
addiction was significantly different according to the 

Table 3  (continued)

  Model 1 1 1.29(0.72,2.30) 1.62(0.93,2.80) 1.65(0.94,2.89) 0.06 1 0.81(0.45,1.48) 1.10(0.62,1.94) 1.41(0.74,2.68) 0.15

  Model 2 1 1.16(0.62,2.17) 1.63(0.89,3.00) 1.56(0.84,2.88) 0.09 1 0.97(0.50,1.56) 1.17(0.62,2.21) 1.67(0.82,3.40) 0.11

Sleep disorders
  Crude 1 1.54(0.92,2.59) 1.37(0.81,2.32) 1.44(0.85,2.44) 0.27 1 0.55(0.33,0.92) 0.65(0.40,1.07) 0.71(0.43,1.17) 0.24

  Model 1 1 1.41(0.79,2.52) 1.42(0.80,2.51) 1.66(0.94,2.95) 0.10 1 0.62(0.34,1.12) 0.72(0.41,1.28) 0.92(0.48,1.78) 0.99

  Model 2 1 1.41(0.72,2.78) 1.27(0.64,2.54) 1.65(0.84,3.25) 0.20 1 0.66(0.33,1.34) 0.66(0.33,1.31) 0.94(0.44,2.04) 0.91

Use of sleep medicine
  Crude 1 1.83(0.97,3.44) 1.74(0.92,3.28) 1.42(0.73,2.73) 0.39 1 0.34(0.18,0.66) 0.80(0.46,1.39) 0.57(0.32,1.02) 0.25

  Model 1 1 1.49(0.76,2.92) 1.71(0.89,3.29) 1.54(0.78,3.05) 0.19 1 0.42(0.20,0.88) 0.99(0.54,1.82) 0.82(0.39,1.70) 0.72

  Model 2 1 1.67(0.75,3.69) 1.71(0.79,3.73) 2.03(0.92,4.44) 0.09 1 0.36(0.15,0.85) 0.92(0.44,1.91) 0.98(0.42,2.27) 0.43

Daytime dysfunction
  Crude 1 0.81(0.47,1.37) 0.99(0.59,1.66) 1.10(0.66,1.83) 0.56 1 1.08(0.64,1.81) 0.93(0.55,1.58) 1.29(0.77,2.16) 0.44

  Model 1 1 0.69(0.39,1.23) 0.90(0.52,1.54) 1.10(0.64,1.89) 0.55 1 1.30(0.72,2.35) 1.04(0.58,1.87) 1.66(0.86,3.18) 0.26

  Model 2 1 0.66(0.34,1.27) 0.83(0.44,1.59) 1.05(0.56,1.98) 0.71 1 1.32(0.66,2.63) 1.07(0.54,2.13) 1.47(0.69,3.13) 0.49

Total sleep quality
  Crude 1 1.68(1.05,2.67) 1.37(0.87,2.17) 1.61(1.01,2.56) 0.10 1 0.40(0.25,0.64) 0.63(0.39,1.01) 0.58(0.36,0.93) 0.14

  Model 1 1 1.43(0.86,2.40) 1.35(0.82,2.23) 2.01(1.21,3.33) 0.01 1 0.49(0.28,0.85) 0.79(0.46,1.36) 0.91(0.49,1.68) 0.53

  Model 2 1 1.33(0.74,2.37) 1.28(0.72,2.28) 1.76(0.99,3.11) 0.07 1 0.52(0.28,0.97) 0.74(0.40,1.38) 0.92(0.46,1.85) 0.67
a Model 1: Adjusted for age, sex, and energy intake
b Model 2: Further adjusted for marital status, education level, occupation, economic condition, BMI, smoking status, drug addiction, physical activity (METs/wk), 
depression score, syntax score, diabetes(yes/no) and caffeine intake
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Table 4  Association between dietary insulin and glycemic indices and domains of sleep quality among women

Dietary insulin index Dietary insulin load
Q1 Q2 Q3 Q4 P-trend Q1 Q2 Q3  Q4   P-trend

Subjective sleep quality
  Crude 1 1.17(0.56,2.43) 0.87(0.42,1.80) 0.93(0.45,1.95) 0.67 1 1.15(0.61,2.15) 1.18(0.56,2.46) 0.99(0.43,2.30) 0.76

  Model 1a 1 1.15(0.54,2.45) 0.93(0.44,1.97) 0.98(0.46,2.07) 0.05 1 1.49(0.70,3.16) 1.88(0.60,5.92) 2.34(0.41,13.39) 0.26

  Model 2b 1 1.16(0.45,2.98) 0.95(0.38,2.38) 1.40(0.56,3.51) 0.45 1 2.43(0.96,6.17) 4.15(1.01,17.01) 5.73(0.69,47.31) 0.05

Sleep latency
  Crude 1 1.05(0.49.2.22) 1.64(0.76,3.54) 0.78(0.37,1.62) 0.77 1 0.90(0.47,1.72) 0.69(0.32,1.45) 0.42(0.18,0.97) 0.04

  Model 1 1 0.98(0.46,2.11) 1.65(0.75,3.64) 0.76(0.36,1.61) 0.75 1 0.90(0.41,1.970 0.66(0.21,2.10) 0.42(0.07,2.42) 0.39

  Model 2 1 0.74(0.30,1.84) 1.90(0.74,4.89) 0.91(0.37,2.23) 0.69 1 1.35(0.55,3.36) 0.86(0.23,3.27) 0.61(0.08,4.58) 0.75

Sleep duration
  Crude 1 0.54(0.21,1.40) 1.21(0.54,2.74) 0.67(0.27,1.66) 0.80 1 0.56(0.25,1.26) 1.34(0.59,3.03) 0.69(0.24,2.02) 0.88

  Model 1 1 0.52(0.19,1.43) 1.40(0.60,3.27) 0.74(0.30,1.86) 0.98 1 0.49(0.18,1.32) 0.97(0.25,3.76) 0.36(0.04,3.40) 0.62

  Model 2 1 0.75(0.23,2.44) 1.83(0.65,5.19) 1.05(0.35,3.14) 0.57 1 0.37(0.11,1.20) 1.30(0.27,6.33) 0.21(0.02,2.72) 0.65

Sleep efficiency
  Crude 1 1.11(0.52,2.37) 0.82(0.39,1.76) 0.71(0.32,1.56) 0.30 1 0.72(0.37,1.41) 1.19(0.56,2.51) 0.86(0.35,2.09) 0.98

  Model 1 1 1.05(0.48,2.28) 0.82(0.38,1.80) 0.69(0.31,1.53) 0.29 1 0.66(0.29,1.48) 0.99(0.31,3.23) 0.63(0.10,4.00) 0.75

  Model 2 1 0.90(0.32,2.50) 1.17(0.44,3.10) 0.90(0.33,2.46) 0.98 1 0.77(0.28,2.11) 1.39(0.32,5.99) 0.93(0.09,9.36) 0.84

Sleep disorders
  Crude 1 0.69(0.33,1.44) 1.39(0.68,2.83) 0.77(0.37,1.61) 0.97 1 1.19(0.64,2.20) 1.14(0.55,2.40) 1.08(0.47,2.49) 0.77

  Model 1 1 0.69(0.32,1.48) 1.66(0.79,3.49) 0.85(0.40,1.79) 0.77 1 1.15(0.54,2.41) 0.95(0.30,2.96) 0.84(0.15,4.85) 0.92

  Model 2 1 1.02(0.38,2.73) 3.12(1.19,8.20) 1.18(0.45,3.13) 0.31 1 1.04(0.42,2.60) 0.90(0.23,3.59) 0.62(0.07,5.40) 0.79

Use of sleep medicine
  Crude 1 0.84(0.37,1.91) 0.49(0.20,1.18) 1.11(0.51,2.43) 0.91 1 1.20(0.61,2.34) 0.36(0.13,1.03) 0.67(0.25,1.80) 0.13

  Model 1 1 0.81(0.35,1.89) 0.46(0.19,1.16) 1.10(0.49,2.48) 0.94 1 1.37(0.60,3.13) 0.44(0.10,1.85) 1.03(0.13,7.91) 0.69

  Model 2 1 0.79(0.29,2.15) 0.43(0.15,1.22) 1.08(0.41,2.88) 0.89 1 1.44(0.55,3.82) 0.47(0.09,2.48) 0.58(0.05,7.17) 0.63

Daytime dysfunction
  Crude 1 1.35(0.63,2.88) 1.33(0.63,2.78) 1.25(0.59,2.65) 0.60 1 1.22(0.64,2.32) 1.41(0.67,2.98) 1.56(0.68,3.58) 0.22

  Model 1 1 1.28(0.58,2.80) 1.42(0.65,3.08) 1.36(0.62,2.95) 0.42 1 1.35(0.62,2.91) 1.54(0.49,4.89) 1.85(0.32,10.89) 0.43

  Model 2 1 1.05(0.39,2.79) 1.47(0.57,3.83) 1.74(0.67,4.55) 0.19 1 1.06(0.42,2.62) 0.82(0.213.26) 0.92(0.11,7.71) 0.86

Total sleep quality
  Crude 1 1.05(0.44,2.53) 0.99(0.42,2.33) 0.95(0.40,2.27) 0.88 1 0.67(0.32,1.43) 0.72(0.30,1.75) 0.40(0.15,1.02) 0.78

  Model 1 1 0.94(0.38,2.30) 0.88(0.37,2.12) 0.92(0.38,2.21) 0.82 1 0.70(0.28,1.70) 0.71(0.19,2.72) 0.38(0.05,2.72) 0.43

  Model 2 1 0.78(0.27,2.26) 0.94(0.32,2.76) 0.90(0.31,2.62) 0.97 1 0.57(0.20,1.63) 0.69(0.14,3.40) 0.20(0.02,1.97) 0.30

Dietary glycemic index Dietary glycemic load
Q1 Q2 Q3 Q4 P-trend Q1 Q2 Q3 Q4 P-trend

Subjective sleep quality
  Crude 1 1.13(0.56,2.31) 2.47(1.18,5.16) 0.66(0.27,1.61) 0.78 1 1.16(0.58,2.32) 1.54(0.79,2.98) 0.97(0.42,2.24) 0.56

  Model 1 1 1.08(0.49,2.38) 2.57(1.17,5.65) 0.65(0.26,1.63) 0.81 1 1.34(0.63,2.86) 1.71(0.85,3.45) 1.14(0.44,2.92) 0.38

  Model 2 1 1.42(0.54,3.71) 3.24(1.19,8.79) 0.50(0.15,1.67) 0.85 1 1.34(0.54,3.31) 1.97(0.84,4.58) 1.00(0.33,3.01) 0.48

Sleep latency
  Crude 1 1.80(0.90,3.60) 2.92(1.35,6.36) 1.52(0.68,3.40) 0.11 1 0.42(0.21,0.83) 0.93(0.46,1.88) 0.86(0.37,2.01) 0.88

  Model 1 1 1.52(0.71,3.26) 2.88(1.26,6.59) 1.43(0.62,3.31) 0.15 1 0.50(0.24,1.07) 1.08(0.51,2.27) 1.17(0.45,3.05) 0.47

  Model 2 1 1.62(0.68,3.88) 2.74(1.04,7.20) 1.35(0.51,3.63) 0.33 1 0.39(0.16,0.95) 0.88(0.38,2.05) 1.22(0.41,3.65) 0.56

Sleep duration
  Crude 1 1.15(0.49,2.69) 0.82(0.32,2.11) 1.47(0.57,3.79) 0.66 1 0.83(0.34,1.99) 1.29(0.58,2.83) 1.30(0.51,3.34) 0.45

  Model 1 1 1.12(0.44,2.89) 0.92(0.34,2.48) 1.58(0.59,4.23) 0.47 1 0.90(0.34,2.38) 1.44(0.61,3.38) 1.53(0.52,4.53) 0.28

  Model 2 1 1.09(0.37,3.24) 0.94(0.28,3.10) 1.56(0.48,5.08) 0.54 1 0.96(0.32,2.93) 1.81(0.68,4.80) 1.36(0.38,4.86) 0.31

Sleep efficiency
  Crude 1 0.99(0.45,2.15) 1.94(0.89,4.21) 1.70(0.72,3.99) 0.07 1 0.95(0.45,2.01) 1.47(0.73,2.94) 1.57(0.69,3.59) 0.17

  Model 1 1 1.07(0.46,2.49) 2.24(0.98,5.12) 1.89(0.78,4.57) 0.04 1 1.01(0.45,2.28) 1.58(0.75,3.31) 1.87(0.73,4.80) 0.10
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quartiles of DGL and DGI (P ≤ 0.05). Additionally, mari-
tal status and physical activity both showed significant 
variation across DGL quartiles (P < 0.05).

Age, sex, and energy-adjusted nutrients and food intake 
of the participants across quartiles of DII and DIL are 
reported in Table  2. The adjusted dietary intake of par-
ticipants across quartiles of DII and DIL is shown in Sup-
plementary Table 3. Participants in the top quartile of DII 
had lower intakes of fiber, total fat, protein, nuts, dairy, 
vegetables, riboflavin, vitamin B6, Pantothenic acid, cho-
line, vitamin E, vitamin A, potassium, sodium, calcium, 
and zinc (P ≤ 0.05). In contrast, their intake of carbo-
hydrates, whole grains, refined grains, fruits, and niacin 
was higher than those in the lowest quartile (P < 0.05). 
A significant association was also observed between 
higher DIL levels and  intakes of protein, total fat, car-
bohydrate, energy, fruits, refined grains, potassium, vita-
min E, riboflavin, and thiamin (P < 0.05). Subjects in the 
fourth quartile of DGL had significantly different intakes 
of energy, carbohydrate, total fat, fiber, fruits, red meat, 
nuts, zinc, potassium, pantothenic acid, vitamin B6, and 
niacin compared with those in the first quartile (P < 
0.05). Conversely, participants in the highest quartiles of 
DGI had different intakes of energy, carbohydrates, fiber, 
pantothenic acid, potassium, zinc, fruits, red meat, and 
nuts than those in the lowest quartile (P < 0.05).

Table  3 provides the odds ratios for low sleep quality 
and abnormalities in its components across the quartile 
of DII, DIL, DGI, and DGL. In the fully adjusted model, 
individuals in the highest quartile of DII had 2.42 times 

higher odds of experiencing sleep disorders than those in 
the lowest quartile (OR = 2.42; 95% CI: 1.20–4.87; Ptrend = 
0.003). Similarly, a significant positive association was 
observed between DGI and sleep latency, with those in 
the highest quartile of DGI being 1.81 times more likely 
to experience sleep latency compared to individuals in 
the lowest quartile (OR = 1.81; 95% CI: 1.06–3.10; Ptrend = 
0.04). The relationship between DII, DIL, DGI, and DGL 
and the likelihood of sleep abnormalities stratified by 
gender is shown in Tables  4 and 5. A significant trend 
was identified between DIL and subjective sleep quality 
in model 2 in women (Ptrend ≤ 0.05, Table 4). Among men, 
those in the highest DII category were 2.61 times more 
likely to experience insufficient sleep in the final model 
(OR = 2.61; 95% CI: 1.07–6.41, Ptrend = 0.03, Table  5). 
Moreover, there was a positive association between DII 
and sleep disorders (OR = 4.46; 95% CI: 1.49–13.36, 
Ptrend = 0.01). Higher DII levels were also linked to an 
increased likelihood of sleep medication use among men 
in both crude and adjusted models (P < 0.05). Conversely, 
there was a significant negative relationship between 
DII and the likelihood of short sleep duration in men in 
the fully adjusted model (OR = 0.37; 95% CI: 0.16–0.89, 
Ptrend = 0.02). Additionally, men in the highest DGI quar-
tile reported higher chance of low subjective sleep qual-
ity than those in the lowest quartile (OR = 2.95; 95% CI: 
1.16–7.50, Ptrend = 0.04).

Tables 6 and 7 provide data on the associations strati-
fied by diabetes status. A positive association was found 
between DGI and sleep latency in individuals with 

Table 4  (continued)

  Model 2 1 0.90(0.33,2.48) 1.78(0.64,4.98) 1.97(0.65,5.98) 0.09 1 1.23(0.46,3.29) 1.74(0.70,4.29) 2.56(0.82,8.02) 0.08

Sleep disorders
  Crude 1 1.47(0.73,2.95) 1.76(0.84,3.69) 0.98(0.43,2.22) 0.78  1 0.81(0.41,1.59) 0.85(0.44,1.66) 0.85(0.38,1.91) 0.62

  Model 1 1 1.63(0.75,3.57) 1.98(0.89,4.40) 0.99(0.42,2.33) 0.84  1 0.72(0.34,1.53) 0.76(0.38,1.55) 0.71(0.28,1.78) 0.44

  Model 2 1 2.43(0.91,6.51) 1.99(0.70,5.63) 1.16(0.38,3.54) 0.99  1 0.67(0.26,1.72) 0.69(0.28,1.67) 0.71(0.23,2.17) 0.48

Use of sleep medicine
  Crude 1 1.46(0.64,3.33) 1.75(0.74,4.10) 1.32(0.50,3,47) 0.44 1 0.50(0.22,1.17) 1.01(0.49,2.08) 0.68(0.26,1.75) 0.64

  Model 1 1 1.06(0.43,2.66) 1.39(0.56,3.44) 1.07(0.40,2.91) 0.70 1 0.60(0.24,1.49) 1.11(0.52,2.40) 0.78(0.27,2.27) 0.98

  Model 2 1 0.93(0.32,2.70) 0.95(0.32,2.83) 1.21(0.37,3.94) 0.75 1 0.48(0.17,1.39) 1.06(0.43,2.63) 0.87(0.26,2.85) 0.88

Daytime dysfunction
  Crude 1 0.49(0.23,1.02) 1.42(0.69,2.92) 0.87(0.38,1.97) 0.47 1 1.73(0.86,3.47) 1.40(0.70,2.78) 2.07(0.91,4.69) 0.10

  Model 1 1 0.41(0.18,0.92) 1.14(0.52,2.49) 0.68(0.29,2.62) 0.83 1 1.80(0.83,3.90) 1.35(0.65,2.81) 1.64(0.64,4.18) 0.39

  Model 2 1 0.45(0.17,1.18) 0.88(0.33,2.38) 0.86(0.30,2.52) 0.74 1 1.73(0.68,4.41) 1.31(0.53,3.21) 1.66(0.56,4.95) 0.45

Total sleep quality
  Crude 1 1.72(0.79,3.73) 2.47(1.03,5.93) 1.77(0.70,4.46) 0.11 1 0.67(0.34,1.34) 1.10(0.56,2.16) 1.20(0.63,2.31) 0.62

  Model 1 1 1.31(0.56,3.09) 1.97(0.78,5.00) 1,49(0.57,3.92) 0.25 1 0.47(0.20,1.11) 0.73(0.31,1.73) 0.95(0.30,2.99) 0.95

  Model 2 1 1.72(0.64,4.65) 2.14(0.68,6.75) 1.70(0.57,5.08) 0.34 1 0.39(0.14,1.06) 0.71(0.27,1.91) 1.10(0.31,3,95) 0.80
a Model 1: Adjusted for age, and energy intake
b Model 2: Further adjusted for marital status, education level, occupation, economic condition, BMI, smoking status, drug addiction, physical activity (METs/d), 
depression score, syntax score, diabetes(yes/no) and caffeine intake
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Table 5  Association between dietary insulin and glycemic indices and domains of sleep quality among men

Dietary insulin index Dietary insulin load

Q1 Q2 Q3 Q4 P-trend Q1 Q2 Q3 Q4 P-trend

Subjective sleep quality

  Crude 1 1.31(0.60,2.87) 1.70(0.80,3.63) 1.16(0.51,2.64) 0.55 1 0.82(0.33,2.05) 0.97(0.42,2.25) 1.11(0.49,2.50) 0.61

  Model 1a 1 1.20(0.54,2.67) 1.78(0.82,3.84) 1.14(0.50,2.59) 0.40 1 0.98(0.36,2.64) 1.16(0.38,3.51) 1.49(0.30,7.41) 0.64

  Model 2b 1 0.87(0.34,2.23) 1.52(0.60,3.87) 1.04(0.39,2.73) 0.66 1 0.72(0.21,2.51) 1.16(0.30,4.46) 1.24(0.19,8.20) 0.70

Sleep latency

  Crude 1 1.35(0.76,2.41) 0.95(0.53,1.72) 1.04(0.57,1.90) 0.80 1 0.63(0.32,1.26) 0.80(0.42,1.52) 0.77(0.41,1.45) 0.74

  Model 1 1 1.31(0.73,2.35) 0.94(0.51,1.70) 1.01(0.55,1.85) 0.72 1 0.61(0.29,1.30) 0.72(0.31,1.69) 0.55(0.16,1.97) 0.48

  Model 2 1 0.78(0.40,1.55) 0.52(0.25,1.07) 0.76(0.37,1.55) 0.28 1 0.63(0.27,1.52) 0.68(0.24,1.89) 0.53(0.12,2.36) 0.45

Sleep duration

  Crude 1 0.99(0.54,1.84) 0.70(0.37,1.33) 0.39(0.17,0.82) 0.008 1 0.96(0.43,2.11) 1.02(0.49,2.14) 1.10(0.54,2.27) 0.71

  Model 1 1 1.02(0.54,1.91) 0.70(0.36,1.34) 0.39(0.19,0.83) 0.008 1 0.88(0.37,2.07) 0.81(0.31,2.14) 0.64(0.15,2.71) 0.59

  Model 2 1 0.95(0.46,1.96) 0.74(0.35,1.59) 0.37(0.16,0.89) 0.02 1 0.63(0.24,1.67) 0.51(0.17,1.57) 0.33(0.06,1.68) 0.19

Sleep efficiency

  Crude 1 2.05(0.90,4.66) 2.35(1.04,5.28) 2.27(0.99,5.21) 0.06 1 0.88(0.37,2.12) 0.94(0.42,2.13) 1.03(0.47,2.28) 0.82

  Model 1 1 2.00(0.88,4.55) 2.18(0.96,4.95) 2.22(0.96,5.11) 0.07 1 0.62(0.24,1.61) 0.55(0.19,1.59) 0.36(0.07,1.78) 0.24

  Model 2 1 1.69(0.69,4.15) 2.30(0.94,5.64) 2.61(1.07,6.41) 0.03 1 0.70(0.25,1.98) 0.86(0.26,2.87) 0.52(0.09,3.04) 0.63

Sleep disorders

  Crude 1 2.16(0.87,5.33) 2.00(0.80,4.97) 2.95(1.22,7.17) 0.03 1 1.09(0.41,2.86) 0.56(0.20,1.54) 1.81(0.77,4.27) 0.13

  Model 1 1 2.18(0.87,5.45) 2.16(0.85,5.48) 3.00(1.21,7.39) 0.03 1 0.98(0.35,2.74) 0.39(0.11,1.35) 0.96(0.19,4.95) 0.49

  Model 2 1 2.61(0.85,8.01) 2.45(0.77,7.92) 4.46(1.49,13.36) 0.01 1 0.60(0.16,2.27) 0.45(0.10,1.98) 1.03(0.15,7.00) 0.90

Use of sleep medicine

  Crude 1 6.36(1,38,29.22) 8.23(1.83,37.09) 7.80(1.71,35.66) 0.006 1 2.34(0.71,7.67) 1.17(0.34,3.98) 2.07(0.66,6.45) 0.48

  Model 1 1 5.64(1.21,26.21) 8.11(1.80,36.59) 7.65(1.67,35.03) 0.005 1 3.50(0.89,13,75) 2.00(0.42,9.56) 4.60(0.60,35.38) 0.36

  Model 2 1 3.90(0.75,20.28) 6.56(1.30,33.09) 6.78(1.31,35.19) 0.01 1 1.51(0.32,7.21) 1.20(0.20,7.19) 2.26(0.20,25.27) 0.66

Daytime dysfunction

  Crude 1 2.22(1.01,4.88) 1.47(0.64,3.37) 1.66(0.72,3.80) 0.48 1 1.63(0.58,4.57) 1.87(0.71,4.95) 2.23(0.86,5.77) 0.09

  Model 1 1 2.20(0.99,4.87) 1.51(0.66,3.49) 1.62(0.70,3.73) 0.51 1 1.50(0.51,4.42) 1.50(0.46,4.88) 1.51(0.29,7.83) 0.64

  Model 2 1 2.11(0.84,5.29) 0.86(0.31,2.38) 1.34(0.50,3.61) 0.92 1 2.04(0.54,7.71) 2.07(0.47,9.15) 1.66(0.22,12.30) 0.62

Total sleep quality

  Crude 1 1.87(1.02,3.43) 1.31(0.71,2.42) 1.61(0.86,2.99) 0.30 1 0.88(0.43,1.82) 1.25(0.64,2.44) 1.22(0.63,2.35) 0.33

  Model 1 1 1.78(0.97,3.28) 1.23(0.66,2.30) 1.55(0.83,2.91) 0.37 1 0.74(0.34,1.59) 0.92(0.38,2.18) 0.67(0.19,2.43) 0.75

  Model 2 1 1.55(0.77,3.14) 0.96(0.46,2.02) 1.27(0.61,2.65) 0.86 1 0.71(0.28,1.76) 1.00(0.35,2.85) 0.58(0.13,2.60) 0.73

Dietary glycemic index Dietary glycemic load

Q1 Q2 Q3 Q4 P-trend Q1 Q2 Q3 Q4 P-trend

Subjective sleep quality

  Crude 1 2.15(0.91,5.11) 1.38(0.57,3.32) 2.80(1.28,6.14) 0.03 1 0.45(0.18,1.16) 1.09(0.48,2.47) 1.23(0.56,2.70) 0.13

  Model 1 1 1.98(0.81,4.82) 1.33(0.55,3.21) 2.58(1.16,5.72) 0.04 1 0.46(0.17,1.29) 1.05(0.42,2.65) 1.20(0.45,3.16) 0.14

  Model 2 1 1.89(0.66,5.39) 1.24(0.44,3.53) 2.95(1.16,7.50) 0.04 1 0.68(0.20,2.32) 1.18(0.36,3.84) 1.53(0.46,5.13) 0.17

Sleep latency

  Crude 1 1.38(0.74,2.56) 0.87(0.48,1.59) 1.69(0.96,2.96) 0.17 1 0.70(0.36,1.36) 1.07(0.56,2.05) 0.95(0.50,1.78) 0.66

  Model 1 1 1.38(0.73,2.61) 0.83(0.45,1.53) 1.79(1.01,3.18) 0.13 1 0.65(0.32,1.35) 1.01(0.49,2.07) 0.90(0.42,1.92) 0.64

  Model 2 1 1.37(0.65,2.91) 0.98(0.47,2.02) 1.87(0.95,3.68) 0.13 1 0.66(0.29,1.54) 0.99(0.43,2.29) 0.87(0.36,2.10) 0.80

Sleep duration

  Crude 1 0.64(0.31,1.33) 0.74(0.38,1.44) 1.24(0.68,2.27) 0.41 1 1.32(0.61,2.89) 1.59(0.74,3.44) 1.26(0.59,2.70) 0.61

  Model 1 1 0.72(0.34,1.53) 0.84(0.42,1.66) 1.48(0.79,2.77) 0.21 1 1.14(0.49,2.64) 1.60(0.69,3.72) 1.23(0.50,3.03) 0.55

  Model 2 1 1.01(0.44,2.30) 0.78(0.35,1.74) 1.44(0.70,2.97) 0.42 1 0.88(0.34,2.25) 1.19(0.46,3.07) 0.90(0.33,2.45) 0.98

Sleep efficiency

  Crude 1 1.56(0.72,3.41) 1.22(0.57,2.62) 1.46(0.71,3.00) 0.43 1 0.67(0.29,1.55) 0.80(0.35,1.82) 1.11(0.52,2.40) 0.44

  Model 1 1 1.71(0.77,3.81) 1.16(0.54,2.53) 1.48(0.71,3.07) 0.46 1 0.55(0.22,1.37) 0.62(0.25,1.56) 0.87(0.35,2.25) 0.68

  Model 2 1 1.38(0.59,3.23) 1.10(0.48,2.56) 1.31(0.59,2.88) 0.62 1 0.78(0.30,2.06) 0.75(0.28,2.06) 1.11(0.40,3.10) 0.66
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diabetes after adjusting for all potential confounders 
(OR = 3.37; 95% CI: 1.23–9.18; Ptrend = 0.02, Table 6). In 
patients without diabetes, a significant association was 
reported between DII and sleep efficiency (OR = 2.39; 
95% CI: 1.03–5.55; Ptrend = 0.06) and sleep disorders (OR 
= 3.16; 95% CI: 1.24–8.05; Ptrend = 0.009). Also, there was 
a significant association between DII and the likelihood 
of use of sleep medicine (OR = 3.08; 95% CI: 1.13–8.36; 
Ptrend = 0.02). An increasing trend but non-significant 
relationship was observed between DIL and subjective 
sleep quality among patients without diabetes (Ptrend = 
0.04). In addition, Higher DGI was associated with higher 
odds of sleep medication (OR = 2.66; 95% CI: 1.04–6.78; 
Ptrend = 0.05) in this subgroup (Table 7).

Discussion
The present study revealed that a higher DII was related 
to an increased likelihood of sleep disorders. In addi-
tion, a positive relationship was found between DGI and 
odds of sleep latency. However, no significant association 
was found between DGL and DIL and sleep quality and 
duration. A few studies have examined the relationship 
between dietary glycemic or insulin indices and sleep 
quality or duration, with inconsistent findings. Moham-
madi et  al. [30] performed a cross-sectional study on 
a general population of Yazd, Iran, and found an asso-
ciation between DGL and sleep duration. This study 
reported no significant relation between DGI and sleep 
duration. In contrast, we found no significant association 
between either DGI or DGL and sleep duration among 
all participants. Our analyses only show an inverse asso-
ciation between DII and odds of low sleep duration in 

men and patients without diabetes. In another popula-
tion-based cross-sectional study that used the short form 
PSQI to assess sleep quality and quantity, an inverse rela-
tionship was shown between DIL and DII and sleep dis-
turbance [29]. The results of our study using the complete 
form of PSQI showed that people with higher DII had a 
higher chance of having sleep disorders, and no signifi-
cant relationship was found between DIL and sleep disor-
ders. In a cross-over clinical trial on nine male basketball 
players, consuming meals with different GI did not sig-
nificantly change sleep parameters [31]. Gangwisch et al. 
indicated that a diet with a high GI might contribute to 
the risk of insomnia in postmenopausal women [32]. A 
cross-over trial involving 12 healthy male participants 
showed that consuming a high-GI meal 4 h before bed-
time significantly decreased sleep onset latency (SOL) 
compared to a low-GI meal. This research used recording 
polysomnography to assess SOL [61].

Recently, research indicated a mutual connection 
between sleep quality and quantity and dietary intake. 
These aspects of sleep, along with how they interact with 
one’s diet, affect the likelihood of developing chronic 
diseases [62]. Limited sleep has been shown to lead to a 
higher intake of calories, with a tendency towards con-
suming foods high in carbohydrates and fats, which are 
known to be linked with a negative impact on cardiomet-
abolic health [63–65]. Diets rich in plant foods, such as 
the Mediterranean diet, have the potential to lower the 
risk of cardiovascular disease (CVD) by enhancing sleep 
quality through the intake of tryptophan [66].

High-glycemic-index carbohydrates have been recog-
nized for their role in enhancing tryptophan turnover, 

Table 5  (continued)

Sleep disorders

  Crude 1 1.02(0.40,2.62) 1.01(0.42,2.47) 2.52(1.17,5.42) 0.01 1 0.76(0.28,2.06) 1.08(0.42,2.76) 1.85(0.78,4.39) 0.04

  Model 1 1 1.09(0.42,2.83) 0.94(0.38,2.33) 2.18(0.99,4.78) 0.05 1 0.53(0.18,1.56) 0.70(0.25,1.96) 1.04(0.37,2.97) 0.36

  Model 2 1 0.49(0.15,1.62) 0.68(0.24,1.93) 1.61(0.66,3.92) 0.19 1 0.72(0.20,2.67) 0.58(0.15,2.22) 1.02(0.27,3.84) 0.70

Use of sleep medicine

  Crude 1 1.96(0.71,5.41) 1.71(0.63,4.61) 1.85(0.72,4.80) 0.28 1 0.31(0.10,0.96) 0.89(0.35,2.22) 0.81(0.33,1.97) 0.65

  Model 1 1 1.86(0.65,5.35) 1.77(0.65,4.80) 1.93(0.73,5.07) 0.23 1 0.29(0.08,1.02) 0.89(0.31,2.57) 0.77(0.25,2.38) 0.53

  Model 2 1 2.41(0.62,9.45) 2.51(0.71,8.93) 2.46(0.75,8.11) 0.16 1 0.28(0.06,1.36) 0.88(0.22,3.58) 0.83(0.20,3.57) 0.44

Daytime dysfunction

  Crude 1 1.15(0.52,2.53) 0.54(0.22,1.28) 1.55(0.77,3.10) 0.32 1 1.02(0.42,2.51) 0.88(0.35,2.20) 1.74(0.76,3.98) 0.12

  Model 1 1 1.26(0.56,2.83) 0.52(0.22,1.25) 1.42(0.70,2.88) 0.61 1 0.81(0.31,2.13) 0.66(0.25,1.80) 1.23(0.46,3.30) 0.45

  Model 2 1 0.98(0.38,2.56) 0.53(0.20,1.43) 0.98(0.42,2.29) 0.76 1 0.84(0.27,2.62) 0.59(0.18,1.96) 0.83(0.25,2.72) 0.77

Total sleep quality

  Crude 1 1.30(0.69,2.48) 1.05(0.57,1.94) 1.95(1.10,3.49) 0.04 1 0.39(0.18,0.86) 0.66(0.29,1.48) 0.88(0.31,2.49) 0.18

  Model 1 1 1.37(0.71,2.64) 1.02(0.55,1.90) 1.97(1.09,3.56) 0.06 1 0.56(0.27,1.18) 0.89(0.43,1.86) 0.97(0.44,2.11) 0.38

  Model 2 1 1.07(0.50,2.30) 0.91(0.44,1.89) 1.62(0.82,3.21) 0.22 1 0.68(0.29,1.61) 0.74(0.32,1.85) 0.95(0.38,2.37) 0.75

a Model 1: Adjusted for age, and energy intake
b Model 2: Further adjusted for marital status, education level, occupation, economic condition, BMI, smoking status, drug addiction, physical activity (METs/wk), 
depression score, syntax score, diabetes(yes/no) and caffeine intake
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Table 6  The likelihood for sleep characteristics based on quartiles of dietary insulin and glycemic indices in patients with diabetes

Dietary insulin index Dietary insulin load

Q1 Q2 Q3 Q4 P-trend Q1 Q2 Q3 Q4 P-trend

Subjective sleep quality

  Crude 1 1.55(0.67,3.60) 1.62(0.71,3.68) 1.70(0.71,4.10) 0.23 1 0.81(0.37,1.77) 0.81(0.35,1.90) 0.92(0.42,2.03) 0.80

  Model 1a 1 1.75(0.71,4.34) 1.91(0.79,4.67) 2.05(0.81,5.21) 0.12 1 1.05(0.41,2.67) 1.37(0.39,4.84) 2.83(0.41,19.37) 0.43

  Model 2b 1 1.07(0.35,3.26) 1.61(0.55,4.68) 1.34(0.44,4.07) 0.46 1 0.82(0.26,2.61) 0.94(0.20,4.52) 1.55(0.17,14.23) 0.85

Sleep latency

  Crude 1 0.74(0.36,1.54) 0.68(0.33,1.38) 1.02(0.47,2.21) 0.83 1 0.43(0.21,0.89) 0.57(0.26,1.22) 0.39(0.19,0.82) 0.02

  Model 1 1 0.74(0.34,1.61) 0.64(0.30,1.38) 1.01(0.45,2.31) 0.82 1 0.37(0.16,0.88) 0.42(0.13,1.31) 0.19(0.03,1.14) 0.08

  Model 2 1 0.52(0.21,1.30) 0.73(0.30,1.77) 0.97(0.37,2.55) 0.94 1 0.41(0.16,1.10) 0.59(0.15,2.30) 0.38(0.05,2.88) 0.32

Sleep duration

  Crude 1 1.50(0.66,3.43) 1.81(0.81,4.02) 0.86(0.34,2.22) 0.90 1 0.78(0.36,1.70) 0.76(0.33,1.77) 0.80(0.36,1.79) 0.55

  Model 1 1 1.43(0.61,3.37) 1.75(0.76,4.01) 0.90(0.34,2.37) 0.88 1 0.94(0.37,2.38) 0.95(0.27,3.27) 1.26(0.19,8.32) 0.94

  Model 2 1 1.33(0.49,3.66) 1.82(0.69,4.83) 1.02(0.34,3.02) 0.77 1 0.77(0.27,2.15) 0.91(0.22,3.84) 0.68(0.08,5.83) 0.77

Sleep efficiency

  Crude 1 1.10(0.48,2.53) 1.16(0.52,2.61) 0.86(0.35,2.16) 0.86 1 0.51(0.22,1.16) 0.61(0.26,1.43) 0.65(0.29,1.47) 0.28

  Model 1 1 1.02(0.43,2.42) 1.10(0.48,2.55) 0.87(0.34,2.19) 0.85 1 0.42(0.16,1.09) 0.39(0.11,1.38) 0.28(0.04,2.10) 0.14

  Model 2 1 1.17(0.41,3.30) 1.43(0.54,3.81) 0.68(0.23,2.04) 0.64 1 0.36(0.12,1.06) 0.39(0.09,1.67) 0.29(0.03,2.72) 0.17

Sleep disorders

  Crude 1 0.84(0.36,1.96) 1.55(0.71,3.35) 1.13(0.48,2.69) 0.43 1 1.12(0.53,2.40) 0.73(0.30,1.75) 0.96(0.44,2.12) 0.71

  Model 1 1 0.89(0.36,2.23) 1.70(0.73,3.98) 1.35(0.54,3.39) 0.28 1 0.89(0.35,2.25) 0.43(0.12,1.57) 0.43(0.06,3.12) 0.25

  Model 2 1 1.30(0.40,4.24) 3.45(1.14,10.45) 1.60(0.49,5.22) 0.17 1 0.65(0.20,2.11) 0.45(0.09,2.38) 0.54(0.05,6.26) 0.43

Use of sleep medicine

  Crude 1 1.15(0.40,3.30) 0.75(0.24,2.31) 1.46(0.50,4.24) 0.71 1 1.29(0.52,3.19) 0.39(0.10,1.46) 0.45(0.14,1.48) 0.08

  Model 1 1 1.12(0.37,3.34) 0.61(0.19,1.99) 1.39(0.46,4.22) 0.85 1 1.83(0.60,5.64) 0.76(0.12,4.78) 1.88(0.14,26.12) 0.86

  Model 2 1 1.03(0.28,3.82) 0.51(0.13,2.00) 0.83(0.21,2.28) 0.55 1 1.59(0.42,6.03) 0.58(0.06,5.59) 0.76(0.03,18.13) 0.85

Daytime dysfunction

  Crude 1 1.29(0.54,3.05) 1.26(0.54,2.93) 1.22(0.49,3.04) 0.67 1 0.63(0.28,1.45) 0.67(0.27,1.63) 0.80(0.35,1.81) 0.54

  Model 1 1 1.39(0.55,3.48) 1.32(0.54,3.26) 1.36(0.52,3.55) 0.55 1 0.55(0.21,1.47) 0.52(0.14,1.90) 0.55(0.07,4.19) 0.37

  Model 2 1 0.97(0.30,3.14) 1.18(0.39,3.57) 1.29(0.40,4.13) 0.61 1 0.46(0.14,1.51) 0.24(0.04,1.33) 0.22(0.02,2.45) 0.12

Total sleep quality

  Crude 1 1.44(0.67,3.09) 1.47(0.70,3.10) 1.04(0.47,2.33) 0.79 1 0.60(0.28,1.25) 0.85(0.38,1.92) 0.43(0.20,0.92) 0.07

  Model 1 1 1.51(0.65,3.49) 1.40(0.61,3.19) 1.15(0.48,2.78) 0.74 1 0.47(0.19,1.18) 0.60(0.18,2.04) 0.22(0.03,1.43) 0.21

  Model 2 1 1.15(0.43,3.08) 1.50(0.56,4.00) 0.79(0.28,2.21) 0.83 1 0.34(0.12,0.99) 0.53(0.13,2.19) 0.13(0.02,1.09) 0.12

Dietary glycemic index Dietary glycemic load

Q1 Q2 Q3 Q4 P-trend Q1 Q2 Q3 Q4 P-trend

Subjective sleep quality

  Crude 1 1.66(0.70,3.96) 2.38(0.99,5.68) 1.27(0.52,3.11) 0.49 1 0.83(0.36,1.90) 1.14(0.52,2.52) 0.90(0.39,2.07) 1.00

  Model 1 1 1.42(0.53,3.75) 2.43(0.95,6.24) 1.23(0.47,3.25) 0.47 1 0.96(0.38,2.44) 1.23(0.52,2.94) 1.19(0.41,3.44) 0.60

  Model 2 1 2.05(0.56,7.60) 3.65(1.05,12.72) 1.76(0.49,6.36) 0.30 1 1.34(0.42,4.26) 1.67(0.53,5.23) 1.57(0.42,5.78) 0.44

Sleep latency

  Crude 1 2.14(1.01,4.54) 2.06(0.95,4.49) 2.14(1.01,4.54) 0.07 1 0.48(0.23,1.01) 0.91(0.44,1.90) 0.86(0.41,1.81) 0.98

  Model 1 1 1.72(0.74,3.98) 1.92(0.83,4.43) 2.39(1.05,5.41) 0.04 1 0.56(0.24,1.28) 1.09(0.49,2.46) 1.37(0.52,3.60) 0.27

  Model 2 1 2.14(0.77,5.94) 2.80(1.02,7.68) 3.37(1.23,9.18) 0.02 1 0.46(0.17,1.25) 1.15(0.44,3.00) 1.69(0.52,5.44) 0.15

Sleep duration

  Crude 1 0.93(0.41,2.11) 0.86(0.36,2.02) 0.95(0.42,2.16) 0.87 1 1.20(0.53,2.68) 1.06(0.47,2.40) 1.00(0.43,2.32) 0.96

  Model 1 1 0.94(0.38,2.30) 0.97(0.40,2.35) 1.13(0.48,2.67) 0.77 1 1.26(0.51,3.07) 1.25(0.52,2.98) 1.37(0.48,3.91) 0.57

  Model 2 1 0.97(0.34,2.81) 1.06(0.38,2.98) 1.31(0.47,3.67) 0.59 1 1.51(0.53,4.29) 1.81(0.65,5.00) 1.31(0.37,4.60) 0.54

Sleep efficiency

  Crude 1 1.60(0.66,3.85) 1.56(0.63,3.84) 1.56(0.65,3.76) 0.38 1 0.53(0.22,1.26) 0.79(0.35,1.79) 0.91(0.40,2.06) 0.94

  Model 1 1 1.42(0.55,3.65) 1.55(0.61,3.93) 1.61(0.65,3.99) 0.31 1 0.57(0.22,1.48) 0.85(0.36,2.02) 1.12(0.40,3.12) 0.70

  Model 2 1 0.97(0.33,2.88) 1.38(0.48,4.02) 1.30(0.45,3.75) 0.49 1 0.89(0.31,2.58) 0.87(0.31,2.45) 1.69(0.50,5.77) 0.50
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leading to increased levels of tryptophan and serotonin 
in the brain, which supports sleep [67]. Following the 
consumption of carbohydrate-rich foods, insulin release 
promotes the uptake of long-chain neutral amino acids 
(LNAA) by muscles, leaving more circulating tryptophan 
available to enter the brain, where it enhances seroto-
nin and melatonin production and improves sleep [68]. 
Moreover, the rise in plasma tryptophan levels due to 
insulin release supports mental health and cognitive 
functions [69]. Diets with a high glycemic index may also 
alleviate stress by reducing the activity of the hypotha-
lamic–pituitary–adrenal (HPA) axis [70, 71].

High-glycemic load diets may also contribute to 
depression through frequent blood sugar fluctuations 
[72]. Elevated postprandial glucose levels, followed by 
excessive insulin release, can reduce plasma glucose to 
approximately ~ 70 mg/dL (3.8 mmol/L), potentially 
impairing brain glucose availability [73]. This disruption 
stimulates the release of counterregulatory hormones 
such as cortisol, adrenaline, glucagon, and growth hor-
mone [74]. The physiological effects of these hormonal 
responses may include symptoms such as heart palpita-
tions, tremors, cold sweats, paresthesia, anxiety, irritabil-
ity, and intensified hunger [75].

The variation in research outcomes may be attributed 
to the distinct characteristics of the disease. Based on 
previous evidence, patients with coronary artery disease 
commonly experience a range of symptoms, includ-
ing difficulties with sleep, persistent tiredness, angina, 
perspiration, a sense of frailty, and breathing difficulties 
[76, 77]. Poor sleep quality is prevalent among cardiovas-
cular disease patients [78]. Moreover, it was found that 

patients who underwent coronary angiography had low 
sleep quality and high levels of fatigue [79]. Previous 
studies have focused on the general population, athletes, 
and postmenopausal women, and none have examined 
individuals with cardiovascular problems [29, 31, 32]. 
Additionally, it is essential to consider the differences in 
dietary habits observed among the studied groups. Tra-
ditionally, the diet of Iranian individuals, along with that 
of many in the Middle East and North Africa (MENA) 
region, is characterized by high carbohydrate-rich foods 
such as cereals, rice, and potatoes, which serve as their 
primary energy sources [80]. Over recent decades, there 
has been a notable rise in the intake of simple sugars, 
refined grains, and desserts within the Iranian com-
munity [81]. In this regard, evaluating the relationship 
between glycemic indices and diseases in the Iranian 
population is highlighted.

In the stratified analysis based on diabetes status, the 
relationship between DII and sleep disturbance, sleep 
medication use, and sleep efficiency was significant and 
positive in patients without diabetes, suggesting the pos-
sibility of reverse causality. The unexpected results of 
stratified analysis may be referred to the dietary modifi-
cations that individuals with diabetes might have adopted 
in response to their condition. In addition, the stratified 
analysis based on gender showed a positive significant 
association between DII and sleep efficiency, sleep dis-
orders, and sleep medication among men, probably due 
to the more substantial number of male participants than 
female participants.

Table 6  (continued)

Sleep disorders

  Crude 1 2.26(0.98,5.19) 1.41(0.58,3.47) 1.33(0.56,3.17) 0.88 1 0.53(0.24,1.20) 0.62(0.28,1.35) 0.52(0.23,1.19) 0.13

  Model 1 1 2.71(1.03,7.15) 1.69(0.63,4.53) 1.64(0.62,4.30) 0.62 1 0.42(0.16,1.09) 0.50(0.20,1.21) 0.43(0.14,1.28) 0.15

  Model 2 1 2.31(0.68,7.86) 1.20(0.33,4.37) 1.36(0.39,4.74) 0.99 1 0.50(0.16,1.64) 0.35(0.11,1.12) 0.43(0.11,1.67) 0.15

Use of sleep medicine

  Crude 1 2.34(0.76,7.24) 1.86(0.57,6.11) 1.15(0.33,4.02) 0.98 1 0.29(0.09,0.95) 0.52(0.19,1.40) 0.40(0.13,1.19) 0.11

  Model 1 1 1.66(0.48,5.72) 1.55(0.44,5.43) 1.12(0.30,4.13) 0.97 1 0.36(0.10,1.28) 0.59(0.21,1.67) 0.65(0.17,2.54) 0.50

  Model 2 1 1.11(0.25,4.96) 1.44(0.32,6.55) 0.79(0.16,3.86) 0.90 1 0.43(0.10,1.80) 0.56(0.15,2.11) 0.73(0.14,3.73) 0.66

Daytime dysfunction

  Crude 1 1.87(0.77,4.54) 1.70(0.68,4.28) 1.17(0.46,2.99) 0.86 1 0.90(0.39,2.07) 0.69(0.29,1.64) 0.87(0.37,2.05) 0.60

  Model 1 1 1.92(0.71,5.21) 1.93(0.72,5.18) 1.34(0.49,3.67) 0.63 1 0.98(0.38,2.53) 0.72(0.28,1.85) 1.18(0.39,3.53) 0.96

  Model 2 1 1.86(0.51,6.71) 1.61(0.45,5.70) 1.57(0.43,5.76) 0.62 1 0.81(0.25,2.64) 0.54(0.16,1.83) 1.10(0.26,3.90) 0.80

Total sleep quality

  Crude 1 2.61(1.18,5.75) 1.66(0.74,3.69) 1.50(0.70,3.23) 0.54 1 0.36(0.16,0.78) 0.60(0.27,1.31) 0.46(0.21,1.02) 0.13

  Model 1 1 2.19(0.89,5.42) 1.56(0.64,3.78) 1.56(0.66,3.66) 0.48 1 0.35(0.14,0.87) 0.56(0.23,1.38) 0.55(0.19,1.57) 0.48

  Model 2 1 2.42(0.84,6.94) 1.87(0.66,5.27) 1.40(0.52,1.81) 0.65 1 0.32(0.11,0.91) 0.50(0.17,1.47) 0.50(0.15,1.73) 0.51

a Model 1: Adjusted for age, sex, and energy intake
b Model 2: Further adjusted for marital status, education level, occupation, economic condition, BMI, smoking status, drug addiction, physical activity (METs/wk), 
depression score, syntax score, and caffeine intake
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Table 7  The likelihood for sleep characteristics based on quartiles of dietary insulin and glycemic indices in patients without diabetes

Dietary insulin index Dietary insulin load

Q1 Q2 Q3 Q4 P-trend Q1 Q2 Q3 Q4 P-trend

Subjective sleep quality

  Crude 1 1.00(0.52,1.92) 0.99(0.51,1.90) 0.83(0.42,1.61) 0.58 1 0.91(0.47,1.76) 0.74(0.38,1.43) 0.62(0.22,1.23) 0.13

  Model 1a 1 0.98(0.49,1.93) 1.08(0.55,2.12) 0.81(0.41,1.62) 0.63 1 1.36(0.64,2.90) 1.53(0.57,4.07) 1.75(0.40,7.66) 0.41

  Model 2b 1 1.26(0.55,2.90) 1.28(0.56,2.94) 1.37(0.59,3.18) 0.48 1 2.19(0.87,5.51) 3.79(1.16,12.45) 5.25(0.89,30.99) 0.04

Sleep latency

  Crude 1 1.65(0.93,2.92) 1.68(0.95,2.99) 1.04(0.59,1.86) 0.95 1 0.86(0.48,1.56) 0.62(0.34,1.10) 0.54(0.30,0.97) 0.02

  Model 1 1 1.66(0.91,3.00) 1.78(0.98,3.24) 0.98(0.54,1.78) 0.91 1 1.01(0.52,1.96) 0.90(0.39,2.06) 0.82(0.23,2.87) 0.75

  Model 2 1 1.12(0.57,2.22) 1.24(0.62,2.46) 0.90(0.45,1.80) 0.82 1 1.43(0.67,3.07) 1.05(0.40,2.78) 0.87(0.20,3.81) 0.93

Sleep duration

  Crude 1 0.59(0.31,1.14) 0.52(0.27,1.02) 0.36(0.18,0.73) 0.005 1 0.95(0.42,2.12) 1.85(0.89,3.83) 1.64(0.78,3.44) 0.07

  Model 1 1 0.60(0.31,1.18) 0.55(0.28,1.09) 0.37(0.18,0.76) 0.008 1 0.69(0.28,1.68) 0.90(0.32,2.49) 0.38(0.08,1.83) 0.52

  Model 2 1 0.66(0.31,1.43) 0.63(0.29,1.37) 0.38(0.16,0.90) 0.03 1 0.52(0.19,1.41) 0.66(0.21,2.09) 0.22(0.04,1.31) 0.24

Sleep efficiency

  Crude 1 1.73(0.85,3.53) 1.56(0.76,3.20) 1.67(0.82,3.41) 0.25 1 0.94(0.47,1.90) 1.03(0.53,2.02) 0.86(0.43,1.73) 0.75

  Model 1 1 1.77(0.86,3.64) 1.57(0.75,3.27) 1.59(0.77,3.29) 0.33 1 0.85(0.39,1.86) 1.05(0.40,2.77) 0.66(0.15,2.94) 0.85

  Model 2 1 1.83(0.78,4.30) 1.89(0.81,4.39) 2.39(1.03,5.55) 0.06 1 0.98(0.41,2.34) 1.56(0.52,4.67) 0.94(0.17,5.04) 0.67

Sleep disorders

  Crude 1 1.25(0.63,2.47) 1.46(0.75,2.87) 1.42(0.73,2.79) 0.27 1 0.82(0.43,1.57) 0.39(0.19,0.79) 0.68(0.36,1.31) 0.09

  Model 1 1 1.36(0.64,2.89) 1.87(0.89,3.95) 1.57(0.75,3.30) 0.18 1 1.15(0.53,2.49) 0.68(0.24,1.94) 1.49(0.33,6.87) 0.94

  Model 2 1 1.77(0.68,4.58) 2.80(1.10,7.14) 3.16(1.24,8.05) 0.009 1 1.27(0.50,3.20) 1.21(0.36,4.07) 2.90(0.49,17.33) 0.43

Use of sleep medicine

  Crude 1 1.62(0.72,3.64) 1.71(0.86,3.81) 2.14(0.98,4.69) 0.07 1 1.07(0.53,2.17) 0.39(0.17,0.88) 0.76(0.37,1.57) 0.14

  Model 1 1 1.69(0.72,3.96) 2.02(0.87,4.68) 2.32(1.03,5.26) 0.04 1 1.43(0.64,3.21) 0.62(0.20,1.91) 1.33(0.27,6.61) 0.81

  Model 2 1 1.65(0.60,4.55) 2.14(0.79,5.76) 3.08(1.13,8.36) 0.02 1 1.18(0.46,3.01) 0.62(0.17,2.28) 0.92(0.13,6.40) 0.66

Daytime dysfunction

  Crude 1 1.92(0.97,3.78) 1.45(0.73,2.90) 1.43(0.72,2.87) 0.56 1 1.63(0.81,3.28) 1.32(0.66,2.66) 1.34(0.66,2.70) 0.66

  Model 1 1 2.00(0.99,4.06) 1.53(0.74,3.18) 1.46(0.71,3.02) 0.54 1 2.12(0.96,4.68) 2.04(0.75,5.55) 2.25(0.52,9.81) 0.23

  Model 2 1 2.18(0.95,5.00) 1.22(0.52,2.85) 1.66(0.71,3.86) 0.60 1 2.43(0.97,6.07) 2.27(0.70,7.38) 1.92(0.34,10.92) 0.31

Total sleep quality

  Crude 1 1.51(0.84,2.73) 1.08(0.60,1.94) 1.48(0.82,2.66) 0.40 1 0.67(0.36,1.25) 0.53(0.29,0.97) 0.50(0.27,0.92) 0.02

  Model 1 1 1.54(0.82,2.87) 1.05(0.56,1.97) 1.38(0.74,2.58) 0.59 1 0.75(0.37,1.53) 0.78(0.32,1.88) 0.69(0.18,2.60) 0.59

  Model 2 1 1.38(0.66,2.89) 0.86(0.40,1.82) 1.59(0.75,3.35) 0.46 1 0.87(0.38,2.02) 1.24(0.42,3.61) 0.88(0.18,4.33) 0.89

Dietary glycemic index Dietary glycemic load

Q1 Q2 Q3 Q4 P-trend Q1 Q2 Q3 Q4 P-trend

Subjective sleep quality

  Crude 1 1.67(0.85,3.29) 1.66(0.85,3.23) 1.50(0.75,3.00) 0.29 1 0.53(0.26,1.06) 1.03(0.55,1.94) 0.80(0.42,1.53) 1.00

  Model 1 1 1.36(0.66,2.81) 1.66(0.83,3.22) 1.69(0.82,3.50) 0.12 1 0.82(0.37,1.80) 1.61(0.78,3.34) 1.50(0.66,3.42) 0.10

  Model 2 1 1.65(0.70,3.87) 1.62(0.71,3.68) 1.71(0.74,3.96) 0.23 1 0.76(0.30,1.94) 1.57(0.66,3.73) 1.50(0.57,3.96) 0.15

Sleep latency

  Crude 1 1.50(0.86,2.64) 1.16(0.67,2.01) 1.27(0.72,2.24) 0.61 1 0.43(0.24,0.77) 0.74(0.41,1.31) 0.50(0.28,0.90) 0.12

  Model 1 1 1.31(0.72,2.40) 1.17(0.66,2.09) 1.54(0.85,2.81) 0.22 1 0.56(0.29,1.08) 0.96(0.50,1.84) 0.78(0.38,1.59) 0.88

  Model 2 1 1.20(0.60,2.40) 1.07(0.55,2.10) 1.48(0.75,2.91) 0.33 1 0.55(0.26,1.19) 0.88(0.42,1.85) 0.78(0.35,1.75) 0.95

Sleep duration

  Crude 1 0.70(0.34,1.45) 0.73(0.36,1.48) 1.68(0.88,3.22) 0.12 1 1.27(0.58,2.76) 2.11(1.01,4.39) 1.78(0.84,3.74) 0.06

  Model 1 1 0.82(0.38,1.76) 0.82(0.40,1.69) 1.84(0.94,3.62) 0.10 1 0.95(0.40,2.28) 1.75(0.76,4.03) 1.31(0.53,3.26) 0.27

  Model 2 1 1.22(0.53,2.86) 0.69(0.30,1.63) 1.60(0.75,3.44) 0.41 1 0.63(0.23,1.69) 1.24(0.50,3.11) 0.81(0.29,2.25) 0.77

Sleep efficiency

  Crude 1 1.15(0.57,3.33) 1.57(0.81,3.04) 1.38(0.70,2.74) 0.24 1 0.88(0.44,1.79) 1.16(0.59,2.29) 1.22(0.62,2.41) 0.40

  Model 1 1 1.22(0.58,2.54) 1.68(0.85,3.35) 1.70(0.83,3.48) 0.09 1 1.07(0.49,2.34) 1.40(0.65,3.01) 1.75(0.76,4.03) 0.12

  Model 2 1 1.30(0.57,2.92) 1.66(0.77,3.58) 1.66(0.76,3.63) 0.16 1 1.11(0.46,2.66) 1.43(0.61,3.32) 1.70(0.67,4.30) 0.19
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This study had several strengths, including using vali-
dated food frequency questionnaires (FFQ) and stand-
ardized tools for data collection and incorporating 
adjustments for a wide range of possible confounding 
factors that could influence the findings. However, cer-
tain limitations were identified. The reliance on validated 
FFQ for dietary assessment does not exclude the risk 
of misclassification and recall bias among participants. 
While the study accounted for numerous confounding 
factors, it remains possible that unmeasured confounding 
variables could affect the findings. Additionally, although 
stratified analyses provided valuable subgroup-specific 
insights, multiple statistical tests might have increased 
the likelihood of false-positive results. Moreover, the 
study’s cross-sectional nature limits its ability to estab-
lish definitive causal relationships. To address these con-
cerns, future research employing robust interventional or 
cohort designs is necessary to validate the findings.

Conclusion
The findings of this study indicate that diets with a 
higher insulin index are associated with increased odds 
of sleep disturbances. Moreover, diets with a higher gly-
cemic index are linked to a greater likelihood of delayed 
sleep onset. However, no substantial links were observed 
between the DGL and DIL with sleep quality and dura-
tion. These results highlight that dietary interventions 
emphasizing lower glycemic and insulin indices could 
benefit patients undergoing coronary angiography. Such 
targeted strategies may enhance sleep quality within this 
group of participants. It should be noted that prospective 

studies are required to confirm and strengthen the find-
ings of this research.
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Table 7  (continued)

Sleep disorders

  Crude 1 1.17(0.60,2.31) 1.30(0.68,2.51) 1.45(0.75,2.82) 0.25 1 0.59(0.30,1.14) 0.67(0.35,1.29) 0.85(0.45,1.59) 0.74

  Model 1 1 0.98(0.46,2.09) 1.33(0.65,2.75) 1.76(0.84,3.69) 0.10 1 0.83(0.37,1.86) 0.97(0.44,2.11) 1.51(0.64,3.57) 0.26

  Model 2 1 0.84(0.34,2.09) 1.24(0.52,2.91) 1.86(0.79,4.42) 0.11 1 1.01(0.38,2.66) 1.00(0.39,2.53) 1.88(0.69,5.17) 0.22

Use of sleep medicine

  Crude 1 1.63(0.76,3.52) 1.69(0.80,3.60) 1.59(0.73,3.45) 0.26 1 0.36(0.16,0.82) 0.97(0.49,1.90) 0.65(0.32,1.33) 0.72

  Model 1 1 1.38(0.61,3.13) 1.80(0.83,3.91) 1.90(0.85,4.27) 0.09 1 0.49(0.20,1.21) 1.36(0.62,2.98) 1.01(0.41,2.49) 0.32

  Model 2 1 1.88(0.70,5.07) 1.94(0.76,4.94) 2.66(1.04,6.78) 0.05 1 0.37(0.12,1.10) 1.21(0.48,3.06) 1.23(0.42,3.54) 0.17

Daytime dysfunction

  Crude 1 0.48(0.24,0.96) 0.73(0.39,1.38) 1.06(0.57,1.96) 0.66 1 1.23(0.62,2.42) 1.09(0.55,2.16) 1.58(0.81,3.06) 0.23

  Model 1 1 0.41(0.19,0.86) 0.63(0.32,1.23) 1.08(0.56,2.09) 0.69 1 1.59(0.73,3.47) 1.31(0.60,2.86) 2.12(0.91,4.91) 0.15

  Model 2 1 0.40(0.17,0.95) 0.66(0.30,1.45) 0.92(0.43,1.96) 0.99 1 1.63(0.66,4.01) 1.45(0.60,3.50) 1.71(0.65,4.50) 0.40

Total sleep quality

  Crude 1 1.30(0.73,2.32) 1.23(0.70,2.16) 1.65(0.92,2.97) 0.13 1 0.43(0.24,0.79) 0.65(0.36,1.19) 0.66(0.36,1.21) 0.47

  Model 1 1 1.17(0.61,2.21) 1.25(0.68,2.31) 2.29(1.20,4.36) 0.02 1 0.60(0.30,1.21) 0.95(0.47,1.92) 1.16(0.54,2.52) 0.25

  Model 2 1 1.01(0.48,2.15) 1.05(0.51,2.17) 1.93(0.93,4.03) 0.10 1 0.66(0.29,1.52) 0.88(0.39,1.97) 1.20(0.50,2.89) 0.39

a Model 1: Adjusted for age, sex, and energy intake
b Model 2: Further adjusted for marital status, education level, occupation, economic condition, BMI, smoking status, drug addiction, physical activity (METs/wk), 
depression score, syntax score, and caffeine intake
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