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Dietary glycemic and insulin indices i

in association with sleep quality and duration
in patients undergoing angiography
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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 (DIl) and sleep disorders (OR=2.42; 95%Cl: 1.20-4.87, P,..ng=0.003). Additionally, the dietary glycemic index
(DGI) was positively associated with sleep latency (OR=1.81; 95%Cl: 1.06-3.10, P,,.,q=0.04). No significant relationship
was observed between dietary glycemic or insulin load and overall sleep quality or its components.

Conclusion In conclusion, greater DIl 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
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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/m?), 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 itemsglycemic 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]:
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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 Xenergy
content per 1 g (kcal) xamount 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)

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

DGL : (DGI x total available carbohydrate) /100

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-k] (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.

by height squared (m?). 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].



Page 4 of 17

100

(2025) 11

Rostampour et al. BMC Nutrition

S3|qBLIBA SONUIIUOD 10} PAsN sem 1531 (YAONY) DUBLIBA JO SIsAjeue a1 pue sa|geLiea dA1elijenb 1oy pasn sem 153} asenbs-1yD 8y "sabejuadiad 10 S Fueaw ale sanjep ,

(19601 (Lot (879)501 (£€S)L8 (€0L)LLL (979)c0L (F'79)S0L (£19)001 ON
(€ce)es €Ly (Cse)Ls (€9v)SL (L60)Ly rr€)19 (9°5€)85 (€'8€)29 SOA
€000 8€0 (% ‘N) s®1eqelq
(Froey (S¥O)or (6¥L)ve (FoL)L (6'00)€e (L91)LT (co)oe (€/1)8¢ Pa12IPpe JaWIo/AusLInD
©@TpLL (§speTL (1's8)€L (968)97L (1'62)SCL (€'€8)5€L (8'14)9CL (LT8welL pa1dippeuoN
L00'0> 160 (% ‘N) uonippe 6nig
(99r)9L (r'8€)€9 (r60)8% (991)LC (£°€€)5S (50€)0S (6'6€)59 LDy J2OWS JaWIOo)AULND
(r'es)s ©19)101l (904)SLL (F'eg)ogL (€99)801 (S69)LL (1'09)86 (€0611 J24OWSUON
000> 800 (9% ‘N) sn3eis bupjows
(6165 (8'€0)6e (96l)ce (Sel)ee (L'zo)oe (L00)ve (S'10)5¢€ (STO0or ubIH
(6'6€)59 (Cov)99 (6'zv)0L (252174 (8'9€)09 (€9v)9/L (S'01)99 (8¥v)EL wnipay
(C80)or (9€)6S (Fr€)19 (L'Ly)29 (L'Ly)29 (6Te)Vs (8€)29 (£°0€)0s MO
9000 7170 (% ‘N) sn3eis djwouod3
(1e)s (596 (89l (L1)sl (8'6)91 (L9LL (8€)9 (L9l MOPIM/P3DIOAI]
(€96)SS 1 (€'€6)TSL (Cle)srL (L18)eyL (Co6)LtL (976)1SL (9's6)eSL (F68)1L palliepy
(90)L (Tl)e (0o (®1)€ (0o (90)L (90)L (Cxal7 a6uls
500 600 (% ‘N) smeis [elurey
(SO¥ (90)L (e (00 (e SOy (00 ol Ausisnun
O8)L€L (910)5TL (€5l (€9)20L (6€L6lLL (6€L)6lLL (S'18)eel @L09L1 [ooys ybiy/Ateruswz|3
(eL)Le (L10)s¢€ (S€0)8e (£€)09 (8¥0)0r (9€0)8e (s'81)og (T80)9v BIEIEM
000> 710 (% ‘N) [9A9] uoizednp3
(86l)Ce (SLeLs (L'sy)es (565)6 (Sev)lL (6'8€)€9 (Tse)Ls (8€)29 pakojduiaun/24imasnoH
(5T5)S8 (Lze)es (€5)Ly (L'zo)oe (60)L¥ (60)L¥ (£€)09 (8'9€)09 9due|a.4
(16l (L6l)Le (6'/1)6C @9l (r'si)se 871)¥e (91)9¢ (L8l painay
(soL)zL (eL)Le (61)8 (L9LL Oyl (6'6)9L (A4 (ze)sL 1I0M
(99)6 (EV)L (89)L1 (1'e)s (1'e)S (a4} (EV)L 61)8 sa/o(dw3
1000> 650 (% ‘N) uonedna>>o
(eam
L00 9679/ F89%8/Y  S60V/8FLY LTV LF'SL69FS88ELY  ¥808SHFL /ST 2000  v/¥I8SFLYS6CE  097885F68 L6TE L0'9869FIF'6C9€  ST8LL6FITLL8S /4-LaW)Auanoe |edishyd
(coo)ee (6'60)67 (9v)S¢ (Ce9)eol (€T1)69 (6£)v9 rr€)19 (5'01)99 EIEEE!
(8'61)0€L (LoNsLL (#5)88 (8'9€)09 (£1S)v6 (19)00L (9z9)c0L (56926 S
000> €80 (% ‘N) X3S
910 LOYFOE'LT LY YFSLLT O PF/1'8C WYFLLLT 160 STYFPLLT 9EPF6Y LT LLYF95 LT 69%F19'/T (zw/By) Ing
€000 L66F58S S6'6F99'GS 8/'6FL0'8S LL6F1'8S 8€0 0€'0LF96'95 €T6F79LS 16'8F18'SS €901F87'95 (s1eak) aby
anjea-d 0 €0 4o} LD @enjead 0 €0 0 10 so|qelep

peoj uljnsui L1e331q

xapul ulnsui L1e3a1q

LPeO| UlNsul A1e131p pue Xapu| Ulinsul A1e131p Jo sajiiienb ssoide syuedidiiied Jo so1Ispa1dRIRYD [2IDUSD) | djqeL



Page 5 of 17

(2025) 11:100

Rostampour et al. BMC Nutrition

(VAODNY) 82UeLIBAOD JO SisAjeue a3 WOy Pa}Nsal 1. SIN|RA 4 ‘S F Ueaw se pajuasaid ale exeq ,

1740 8V /L F8TEYL SL6FECoL 801l F86°€SL Y6rLF+8608L 610 8’6+ 88 ¢l 956+ 6¢ 1Ll LS6F 9651 856+ €967l (Rep/Bus) autaged
910 SLZFO08L 0CLF LETL EELFCOTL P81+ 69GL 000>  VYLLFEVS SU'LFCS0L SULFIvCL SULF LYLL (p/6) SINN
560 0S¥+ 126 LGCF 168 8¢+ /901 Y8EF ¢S LL 80 EV'C+996 SYC+0ErL 9 CF9e8 'C+058 (p/6) 1e3W passed0ld
(@A) E€LF6/8¢ 80V F L6 ESYF LT LY 9C9F 98'6¢ L0 L6CF [66E PF1E8e  LOYF 00y L0V + vyt (p/6) 1e3W pay
180 /S9F OFHS 99EF 9Ly NOVF¥L Ly L9GF 89 800 GSEF 8LV 8SEF LVey 8T EF6E8Y 8S'EF 6£99 (p/B) sownba7
¥C0 a0cCce+ L L/ 68/LF6/¢0¢ 7861+ 96°19¢ o' /¢ + evv0¢e 00 LELLF L8V /LF L6V/C 67/l F S6C 0G/L+68¢ce (p/b) Aute@
00 €0GCF L6'18E [6ELFLELLE 67'SLF oroce 6ELCFCL6LC  LO00>  SYELF EP6SE 9S'ELF¥C6CE 6SELFPLoEE 6S'ElF eCesl (p/6) utesb pauyay
€70 EL9F8¥CE reF lece 08'€+ S8'SC YOS+ €8'SC 00 LE'EF 68'GE PEEF LGEC PEEF LOEC EVEF PSEC (p/6) uteb sjoym
800 €6TEF L9L8C LEBLF €9'59¢ 8E€'0CF ST L9¢ SGU'SCF¥C6SE  1000>  0LLLFECS8C S8 LLFYOPPE 88LLF €9PSE 68'LLF LGL6E (p/6) sa|qe1aban
1000 > €LGLFECTSLL  STTYFL0CE0L L8+ ¥6'96/ €LY9F 9669 1000 71'lyF €0956 6Y LY+ #5001 95 LY+ CT'8E6 8S' LY+ S6'6/L (p/6) suni4
sdnoib poo4

Sl'o 0SO0F ¢rvl 8C0F89¥L LE0OFOLEL EF0F 98¢l 00 LTOF LOVL LCOF L9EL  LCO0FO0CYL LCOF6LYL (p/Bw) duIz
9¢0 0+ 09651 9C0F €961 6C0F 6671 Or'0+ 0871 600 SCOFSL SCO0F86YL SCOF LS SC0F8LGIL (p/Bow) uoy|
600 6% SEF 8SYLL 0861 F 8088 96'LCF LEEIL PEOEF ECLO8  S000 SL6LF8LYEL CEBLFELSOL SEBLF LYV ELS 9E6L+ 6v've8 (p/Bw) wnidjed
€00 OS'LLLF 06888y  CLS6F6EVLOY  LLO0LF 6E8ESY €99 L F SECKSE <00 LO€E6F S9'L0SY 6/'€6F 6C'C88Y 96'€6F €998 LOV6F LY LELY (p/Buw) wnisseiod
0Lo 08'LYC+ L1890  L6VELF CLCrSE PO6YLF¥198lE £990C+ €599¢e €00  980ELFSCCCLE  LOLELFOC6LLEOCCELFBTLYLE  LTTCELFC6'8L9E (p/Bw) wnipos
1000 > SL0F656 ro+9LCL O+ SLEL Y90+ LEYL 000>  8E0FELOL 6€0F8LLL  6£0F8CEL 6¢'0F 8¢Sl (p/Bw) 3 utwenp
L10 S099F 0CveL G89EF /1958 880V + €C've8 OF9SF LL'608 SO0 Y/'SEF 88CEL Y09e+ €918 L1'9e+ /5108 EL9EF 'S8 (p/Bow) v ulwenA
S0 €E€8LF S9/LLL €C0LF €0€9C SELLFCSLEC [9GLF 166l L0O €66F9C L¥C LOOLF ZL'¥9C €00l +S0/SC Y00l F¥96CC (p/Bu) D ulwenA
9¢0 LL1TF LS8YE SLCLF ¥/ /9€ [YELF TOPE L98LF/£08E LO00> C9LLF1G/LcCE CLULFYLIYE vLLLF L60LE VLLLF GLE0Y (p/Bw) suljoyd
SL0 890+ ¥5'S 8E0F 0¥ O+ ¥8'¢ 850+ 0¥ 600 LE0F L0V LEOF LY LE0F90F LE0F8L'S (p/Bow) €tg ujwenp
€80 SL'oZFCl Loy YCLLF6LGSY [YTLF LE6EY CCLLF LSOy LL0 6801l F CL6TY 660l FSL'eoy LOLLF S96hY LOLLF S6°ESh (p/Bow) 21€]04
600 0L0+59¢C 900+ 6L¢C 900+ 65°C 600+ t9C 1000 900+ 8¥'¢C 900+99¢C 900+ SL¢C 900+ 8L¢C (p/Bw) °g ujwenp
9¢0 LCOFSL9 CL0F 189 €L0F ¢S99 8L'0F 089 5000 LI'OF L¥9 CL'0F£99  CL0+S69 CL'0F 589 (p/Bw) pidy dlusyloIURg
90 W TF¥90F 8CLF L6°LE €S1LF69LE LL'CF81'Ge 700 EELF 607 YELFVLGE  VELF/8LE PELFLLLE (p/Buw) ueIN
€00 090+ L¥91 YEOFECLL LE0FV6'SL LGS0+ 8891 000>  CE0F6CSL CE0FOV9L  CE0F L6091 ceE0F 8Ll (p/6w) uineyoqiy
6000 90'0F98'L €00F L8L YO0F €9'L SO0F ¥9'L 900 €00F9L'L €00F6/L'L €00F €41 €00+ £91 (p/Bu) suiwely |
€00 L9EF €588 SOCF €C9% 9CC+95'L6 €UeF 0550l 1000>  S6'LF6S16 [6'1F8EC6 L6'LF9586 L6'LF ¢SOl (p/b) ut=304d
1000 > (8CF6ECS L[SLF LYY YL LF9C8L L'+ 998 1000>  ¥¥LFLL€9 SYLF VL9 SYLFVCLL SYLF6598 (p/6) 14 |e30L
8C0 89'l ¥ 0L'6€ ¥60F 61°0F YOLF L6'LE VL F C69¢ 100 L6'0F 817'9¢ L60F 90 160+ 0L'6E L60F C1'8E (p/B) 12914
1000 > 0€'8+ 8Ty €9Y+ L8'10Y EL'GF 19°€8E 60+ €8/5¢  L000>  6CVFEEYLY EEVF COSLY €€V T 8666 YEYF 0L'65€ (p/6) eIpAyoqied
1000 > EULEFO0L0L6E  LT9EFVL0LLL  TL9EFCCOLLL OV LEFOELLSL  8CO S6'GLF ££08SC 6v'9/F 8806%C €49/ F €'109C 999/ F ¢eC0LL (p/182%) AB1au3
snjeAd 0 €0 0 LD anjead 0 €0 [4{e} Ko} SjusuInN

peoj uijnsui A1e331g

xapul uinsui K1e331qg

oPRO| Ul|NSul A1€1SIP PUR XSPUl UlNSUl A1€1SIP JO S3|1enb syl Uo paseq axelul siusliinu pue sdnoib pooy paisnipe Abisus pue xas '9by g ajqelL



Rostampour et al. BMC Nutrition (2025) 11:100 Page 6 of 17

Table 3 Multivariable-adjusted ORs (and 95% Cls) 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(045,1.24) 0.70(042,1.17) 0.4
Model 17 1 1.17(0.68,2.00)  1.29(0.752.20)  1.06(0.61,1.84)  0.75 1 1.24(069,2.21)  1.45(0683.10)  1.92(0.60,6.14)  0.28
Model 2° 1 1.07(0.56,2.05)  1.26(0.66,238) 1.24(0.65239) 043 1 147(0.73,295) 2.10(0.855.18)  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
Model2 1 0.83(049,142) 097(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) 042
Sleep duration
Crude 1 0.84(0.51,1.40) 0.87(0.52,143) 048(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) 049

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 1 141(0.83242) 1.36(0.792.31) 1.25(0.72,2.17) 049 1 0.71(042,1.20)  0.80(048,1.33) 0.72(043,1.21) 0.28

Model 1 1 141(0.82243) 1.33(0.772231) 1.23(0.70,2.15) 055 1 0.62(0.34,1.13)  0.69(033,1.47)  046(0.14,1.50)  0.25

Model 2 1 143(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(0.89,245) 133(0.79,224) 0.5 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(0.84,258) 0.07 1 1.08(0.60,1.93) 0.61(0.28,1.35) 0.99(0.30,3.21) 0.50

Model2 1 1.57(0.773.21)  3.03(1.52,6.02) 242(1.204.87) 0.003 1 0.96(048,1.93)  069(0.27,1.75)  1.71(0.304.60) 0.78
Use of sleep medicine

Crude 1 143(0.76,2.71)  1.31(0.69,248)  1.87(1.00,348) 0.08 1 1.19(069,207)  042(0.21,082) 0.72(0.39,1.30) 0.04
Model 1 1 148(0.76,2.87)  140(0.72,272) 1.97(1.043.74) 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 1 147(0.683.19) 1.31(061281) 1.95(0914.16) 0.13 1 1.26(0.60,2.65) 057(0.19,1.68) 0.85(0.184.12) 054

Daytime dysfunction
Crude 1 1.65(097,2.81) 1.37(0.802.33) 1.42(0.82244) 036 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) 147(0.842.57) 146(0.832.56) 0.30 1 1.28(0.71,2.32)  1.33(0.62,2.85) 1.41(044,449) 0.50
Model2 1 1.59(0.833.07) 1.17(060,227) 1.50(0.77,291) 044 1 1.22(061,242) 1.15(046,2.84)  0.96(0.253.74) 091
Total sleep quality
Crude 1 147(0922.34) 120(0.76,1.90)  1.34(0.83,2.14) 038 1 0.64(040,1.02)  0.60(0.380.97) 048(0.30,0.77)  0.003

Model 1 1 1.50(0.91,247) 1.16(0.71,1.91)  1.33(0.80,2.21) 047 1 0.65(0.37,1.14)  0.72(0.36,1.46)  049(0.17,1.43) 027
Model 2 1 1.31(0.74232)  1.05(0.59,1.86) 1.21(0.682.18) 0.75 1 0.62(0.33,1.16)  0.77(0.34,1.74)  041(0.12,1.38) 029
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(1.093.15) 1.40(0.81,242) 022 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(0.77243)  1.85(1.06,3.22) 1.52(0.86,2.70) 0.09 1 0.88(0.48,1.59)  1.45(0.83,251) 1.40(0.732.66) 0.10
Model2 1 1,69(0.863.34)  2.05(1.064.00) 1.66(0.84,3.28) 0.12 1 0.95(047,191) 1.57(0.80,3.05) 148(0.693.13) 0.13
Sleep latency
Crude 1 1.71(1.092.68)  139(0.89,2.17)  1.52(0.97,239) 0.5 1 0.45(0.28,0.71)  0.79(0.50,1.23)  0.60(0.38,0.94) 0.18
Model 1 1 145(0.89,2.35) 1.37(0.852.19) 1.80(1.12,291) 0.03 1 0.57(0.34,094)  1.00(0.61,1.66)  0.94(0.53,1.66) 043

Model 2 1 149(0.87,2.57) 149(0.87,257) 1.81(1.063.10) 0.04 1 0.52(0.22,092) 0.96(0.54,1.69) 0.95(0.50,1.80) 042
Sleep duration
Crude 1 0.80(047,1.38) 0.76(044,1.31) 1.34(0.81,223) 029 1 1.16(0.67,2.02) 1.50(0.8822.55) 1.31(0.76,2.25) 023

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)  151(0.842.72) 1.26(0.65247) 026
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) 048
Sleep efficiency

Crude 1 1.32(0.76,2.27)  155(091,264) 1.44(0.84247) 0.5 1 0.71(041,1.22)  097(0.58,1.62)  1.04(0.62,1.75) 061
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Model 1 1 1.29(0.72,230) 1.62(0.93,2.80) 1.65(0.94,2.89) 0.06 1 0.81(045,1.48) 1.10(0.62,1.94) 141(0.74,268) 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(0.62,221) 1.67(0.82,340) 0.11
Sleep disorders

Crude 1 1.54(0.92,259) 1.37(0.81,232) 1.44(0.85244) 027 1 0.55(0.33,092) 065(040,1.07) 0.71(043,1.17) 024

Model 1 1 141(0.792.52)  142(0.80,2.51) 1.66(0.942.95) 0.10 1 062(0.34,1.12)  0.72(041,1.28)  0.92(0.48,1.78)  0.99

Model 2 1 141(0.72,278) 1.27(0.64,254) 1.65(0.84,3.25) 0.20 1 0.66(0.33,1.34)  0.66(0.33,1.31)  0.94(044,2.04) 091
Use of sleep medicine

Crude 1 1.83(0.97,344) 1.74(092,328) 1.42(0.73,273) 039 1 0.34(0.180.66)  0.80(046,1.39)  057(0.32,1.02) 0.25

Model 1 1 1.49(0.76,292) 1.71(0.89,3.29) 1.54(0.783.05) 0.19 1 0.42(0.20,0.88)  0.99(0.54,1.82) 0.82(0.39,1.70) 0.72

Model2 1 167(0.753.69)  1.71(0.79,3.73)  2.03(0.92444) 0.09 1 0.36(0.15,085)  0.92(044,1.91) 0.98(042,227) 043
Daytime dysfunction

Crude 1 0.81(047,1.37)  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) 044

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(044,1.59) 1.05(0.56,1.98) 0.71 1 1.32(066,2.63) 1.07(0.542.13) 147(0693.13) 049
Total sleep quality

Crude 1 1.68(1.05,2.67) 1.37(0.87,217) 1.61(1.01,256) 0.10 1 040(0.25,0.64) 0.63(0.39,1.01)  0.58(0.36,0.93) 0.14

Model 1 1 143(0.86,240) 1.35(0.82,2.23) 2.01(1.21,3.33) 001 1 049(0.28,0.85) 0.79(046,1.36) 0.91(049,1.68) 0.53

Model 2 1 1.33(0.74,237) 1.28(0.72,228) 1.76(0.993.11)  0.07 1 0.52(0.28,0.97) 0.74(040,1.38)  0.92(046,1.85) 0.67

# Model 1: Adjusted for age, sex, and energy intake

® 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

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-1I) 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
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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(0.56,243)  0.87(0.42,1.80) 0.93(0451.95) 0.67 1 1.15(061,2.15)  1.18(0.56,2.46)  0.99(0.43,2.30) 0.76

Model 17 1 1.15(0.54,2.45)  0.93(0.44,1.97) 0.98(0.46,2.07) 0.05 1 149(0.703.16)  1.88(0.60,5.92) 2.34(0.41,13.39) 0.26

Model 2° 1 1.16(0.45,2.98)  0.95(0.382.38) 1.40(0.56,3.51) 045 1 243(096,6.17)  4.15(1.01,17.01) 5.73(0.69,47.31) 0.05
Sleep latency

Crude 1 1.05(049.2.22) 1.64(0.76,3.54) 0.78(0.37,162) 0.77 1 0.90(047,1.72)  0.69(0.32,1.45) 042(0.18,0.97)  0.04

Model 1 1 0.98(046,2.11)  1.65(0.75364) 0.76(0.36,1.61) 0.75 1 0.90(041,1.970  066(0.21,2.10)  042(0.07242) 039

Model 2 1 0.74(0.30,1.84)  1.90(0.744.89) 091(0.37,2.23) 0.69 1 1.35(0.553.36)  0.86(0.233.27) 0.61(0.084.58)  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(060,3.27) 0.74(0.30,1.86) 0.98 1 049(0.18,1.32)  097(0.253.76)  0.36(0.04,3.40) 0.62

Model 2 1 0.75(0.23,244)  1.83(0655.19)  1.05(0.353.14) 057 1 037(0.11,1.20)  1.30(0.27,633) 0.21(0.02,2.72) 065
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(0.37,141)  1.19(0.56,251)  0.86(0.352.09) 098

Model 1 1 1.05(048,2.28)  0.82(0.38,1.80) 0.69(0.31,1.53) 0.29 1 0.66(0.29,148)  0.99(0.31,323) 0.63(0.104.000 0.75

Model 2 1 0.90(0.32,2.50) 1.17(044,3.10) 0.90(0.33,246) 098 1 0.77(0.28,2.11)  1.39(0.32,5.99) 0.93(0.099.36) 0.84
Sleep disorders

Crude 1 0.69(0.33,1.44)  1.39(0.68,2.83) 0.77(0.37,1.61) 097 1 1.19(0.64,2.20)  1.14(0.55,2.40)  1.08(0.47,249)  0.77

Model 1 1 0.69(0.32,148) 1.66(0.79349) 0.85(040,1.79) 0.77 1 1.15(0.54241)  095(0.30,296) 0.84(0.154.85) 092

Model 2 1 1.02(0.38,2.73)  3.12(1.19,820) 1.18(0453.13) 0.31 1 1.04(042,2.60)  0.90(0.23,3.59) 0.62(0.07,540) 0.79

Use of sleep medicine

Crude 1 0.84(0.37,1.91)  049(020,1.18)  1.11(0.51,243) 091 1 1.20(061,234)  036(0.13,1.03) 067(0.251.80) 0.13

Model 1 1 0.81(0.35,1.89)  046(0.19,1.16)  1.10(0.49,2.48) 0.94 1 1.37(0.60,3.13)  044(0.10,1.85)  1.03(0.13,791)  0.69

Model2 1 0.79(029,2.15)  043(0.15,1.22)  1.08(0.41,2.88) 0.89 1 144(0553.82) 047(0.09248) 0.58(0.057.17) 063
Daytime dysfunction

Crude 1 1.35(063,2.88) 1.33(0.63,2.78) 1.25(0.59,265) 0.60 1 1.22(064,2.32)  141(067,298) 1.56(0.683.58) 0.22

Model 1 1 1.28(0.582.80) 1.42(0.653.08) 1.36(0.62,295) 042 1 1.35(062,291)  154(0494.89) 1.85(0.32,10.89) 043

Model 2 1 1.05(0.392.79) 147(0.573.83) 1.74(067455) 0.19 1 1.06(042,2.62) 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(042,233) 0.95(040,2.27) 0.88 1 0.67(0.32,143)  0.72(0.30,1.75)  040(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) 043
Model 2 1 0.78(0.27,2.26)  0.94(0.32,276)  0.90(0.31,2.62) 097 1 057(0.20,1.63)  0.69(0.143.40)  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)  247(1.185.16)  0.66(0.27,1.61) 0.78 1 1.16(0.58,2.32)  1.54(0.79,298) 0.97(042,2.24) 0.56
Model 1 1 1.08(0.49,2.38) 257(1.17565) 065(0.26,1.63) 081 1 1.34(0.63,2.86)  1.71(0.85345) 1.14(0.44,292) 038
Model 2 1 142(0.54,3.71)  3.24(1.19879) 0.50(0.15,1.67) 0.85 1 1.34(0543.31) 1.97(084,4.58) 1.00(0.333.01) 048
Sleep latency
Crude 1 1.80(0.90,3.60) 2.92(1.356.36) 1.52(0.68,340) 0.11 1 042(0.21,083)  0.93(046,1.88) 0.86(0.37,2.01) 0.88
Model 1 1 1.52(0.71,3.26)  2.88(1.266.59) 143(062,3.31) 0.15 1 0.50(0.24,1.07)  1.08(0.51,2.27)  1.17(0453.05) 047

Model2 1 1.62(0.68,3.88)  2.74(1.04,720) 1.35(0.51,3.63) 033 1 0.39(0.16,095)  0.88(0.38,2.05) 1.22(041,3.65)  0.56
Sleep duration

Crude 1 1.15(049,269) 0.82(032,2.11) 147(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) 045

Model 1 1 1.12(0.44,2.89) 0.92(0.34248) 1.58(0.594.23) 047 1 0.90(0.34,2.38)  1.44(061,338) 1.53(0.524.53) 0.28

Model 2 1 1.09(0.37,3.24) 0.94(0.28,3.10) 1.56(048,5.08) 0.54 1 0.96(0.32,293) 1.81(0.684.80) 1.36(0.384.86)  0.31
Sleep efficiency

Crude 1 0.99(045,2.15)  1.94(0.89/4.21)  1.70(0.72,3.99) 0.07 1 0.95(045,2.01)  147(0.73294) 157(069359  0.17
Model 1 1 1.07(0.46,2.49) 2.24(0985.12)  1.89(0.784.57) 0.04 1 1.01(045,2.28)  1.58(0.753.31) 1.87(0.73,480)  0.10
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Model 2 1 0.90(0.33,248) 1.78(0.644.98) 1.97(0.65,5.98) 0.09
Sleep disorders

Crude 1 147(0.73,295) 1.76(0.843.69) 0.98(043,222) 0.78

Model 1 1 1.63(0.75,3.57)  1.98(0.89440) 0.99(042,2.33) 084

Model 2 1 243(091,6.51)  1.99(0.70,563) 1.16(0.383.54) 0.99
Use of sleep medicine

Crude 1 146(0.64,333) 1.75(0.74/4.10)  1.32(0.50,347) 044

Model 1 1 1.06(0.43,2.66) 139(0.56344) 1.07(040,291) 0.70

Model 2 1 0.93(0.32,2.70)  095(0.32,2.83) 1.21(0.37,394) 0.75
Daytime dysfunction

Crude 1 049(0.23,1.02) 142(0.69,2.92) 0.87(0.38,1.97) 047

Model 1 1 041(0.18,0.92)  1.14(0.52,249) 0.68(0.29,262) 0.83

Model2 1 0.45(0.17,1.18)  0.88(0.33,2.38)  0.86(0.30,2.52) 0.74
Total sleep quality

Crude 1 1.72(0.793.73) 247(1.03,593) 1.77(0.704.46) 0.11

Model 1 1 1.31(0.56,3.09) 1.97(0.785.00) 1,49(0.573.92) 025

Model 2 1 1.72(064,4.65)  2.14(0.68,6.75) 1.70(0.57,5.08) 034

1 1.23(046,3.29)  1.74(0.704.29)  2.56(0.82,8.02) 0.08
1 0.81(041,1.59)
1 0.72(0.34,1.53)

1 067(0.26,1.72)

0.85(0.44,1.66)
0.76(0.38,1.55)
0.69(0.28,1.67)

0.85(0.38,1.91) 062
0.71(0.28,1.78) 044
0.71(0.23,217) 048
1 0.50(0.22,1.17)

1.01(049,2.08) 0.68(0.26,1.75)  0.64

1 0.60(0.24,149)  1.11(0.52,240) 0.78(0.27,227) 098
1 048(0.17,1.39)  1.06(0.43,2.63) 0.87(0.26,2.85)  0.88
1 1.73(086347)  140(0.70,2.78)  2.07(0.91,469)  0.10
1 1.80(0.83,3.90)  1.35(0.652.81) 1.64(0.644.18) 039
1 1.73(068441)  131(0.53,3.21) 1.66(0.564.95) 045

1 0.67(0.34,1.34)
1 047(0.20,1.11)
1 0.39(0.14,1.06)

1.10(0.56,2.16)
0.73(0.31,1.73)
0.71(0.27,1.91)

1.20(063,2.31) 062
0.95(0.30,2.99)  0.95
1.10(0.31,395)  0.80

2 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

quartiles of DGL and DGI (P < 0.05). Additionally, mari-
tal status and physical activity both showed significant
variation across DGL quatrtiles (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; Py g =
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; Py,opq =
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 (P,,,q < 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, P 4= 0.03, Table 5).
Moreover, there was a positive association between DII
and sleep disorders (OR =4.46; 95% CI: 1.49-13.36,
Piena= 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,
Pirena= 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, Pyopq= 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
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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(049,2.50) 061
Model 1° 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) 149(0.30,741) 064
Model 2° 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(0.19,820)  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(042,1.52)  0.77(041,1.45) 074
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) 048
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(0.122.36) 045
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) 071
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(0.152.71) 059
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(0.17,157)  0.33(0.06,1.68)  0.19
Sleep efficiency
Crude 1 2.05(0.90,4.66) 235(1.04,5.28) 2.27(0.99,5.21) 0.06 1 0.88(0.37,2.12) 0.94(042,2.13)  1.03(047,2.28) 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(0.19,159)  0.36(0.07,1.78)  0.24
Model 2 1 1.69(0.69,4.15) 2.30(0.94,5.64) 261(1.07,641) 0.03 1 0.70(0.25,1.98) 0.86(0.26,2.87)  0.52(0.093.04) 063
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(0.77,427) 013
Model 1 1 2.18(0.87,545) 2.16(0.85,5.48) 3.00(1.21,7.39) 0.03 1 0.98(0.35,2.74) 0.39(0.11,135)  0.96(0.194.95) 049
Model 2 1 2.61(0.85,8.01) 245(0.77,7.92) 446(149,13.36) 001 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)  823(1.83,37.09) 7.80(1.71,35.66)  0.006 1 2.34(0.71,7.67) 1.17(0343.98)  2.07(066,645) 048
Model 1 1 564(1.21,26.21)  8.11(1.80,36.59) 765(1.67,3503)  0.005 1 3.50(0.89,13,75)  2.00(042,9.56)  4.60(0.60,3538) 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) 147(0.64,3.37) 1.66(0.72,3.80) 0.48 1 1.63(0.58,4.57) 1.87(0.71,495)  223(0865.77)  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) 150(046,4.88)  151(0.29,7.83) 064
Model 2 1 2.11(0.84,5.29) 0.86(0.31,2.38) 1.34(0.50,3.61) 092 1 2.04(0.54,7.71) 2.07(047,9.15) 1.66(0.22,12.30) 0.62
Total sleep quality
Crude 1 1.87(1.02,343) 1.31(0.71,242) 1.61(0.86,2.99) 0.30 1 0.88(0.43,1.82) 1.25(0.64,2.44) 1.22(063,235 033
Model 1 1 1.78(0.97,3.28) 1.23(0.66,2.30) 1.55(0.83,2.91) 037 1 0.74(0.34,1.59) 0.92(0.38,2.18)  067(0.19,243)  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(0.352.85)  0.58(0.13,260) 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(091,5.11) 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(042,2.65)  1.20(0453.16)  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)  153(0465.13) 017
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(049,2.07)  090(042,192) 064

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(043,2.29) 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) 041 1 1.32(0.61,2.89) 1.59(0.74,3.44) 1.26(0.59,2.70) 061

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) 055

Model 2 1 1.01(0.44,2.30) 0.78(0.35,1.74) 1.44(0.70,2.97) 042 1 0.88(0.34,2.25) 1.19(046,3.07)  0.90(0.33,245) 098
Sleep efficiency

Crude 1 1.56(0.72,3.41) 1.22(0.57,2.62) 1.46(0.71,3.00) 043 1 0.67(0.29,1.55) 0.80(0.35,1.82) 1.11(0.52,240) 044

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(0.251.56)  0.87(0.352.25)  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(0403.10)  0.66
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Sleep disorders

Crude 1 1.02(0.40,2.62) 1.01(0.42,2.47) 2.52(1.17,542)

Model 1 1 1.09(0.42,2.83) 0.94(0.38,2.33) 2.18(0.99,4.78)

Model 2 1 0.49(0.15,1.62) 0.68(0.24,1.93) 1.61(0.66,3.92)
Use of sleep medicine

Crude 1 1.96(0.71,541) 1.71(0.63,4.61) 1.85(0.72,4.80)

Model 1 1 1.86(0.65,5.35) 1.77(0.65,4.80) 1.93(0.73,5.07)

Model 2 1 2.41(0.62,945) 2.51(0.71,8.93) 246(0.758.11)
Daytime dysfunction

Crude 1 1.15(0.52,2.53) 0.54(0.22,1.28) 1.55(0.77,3.10)

Model 1 1 1.26(0.56,2.83) 0.52(0.22,1.25) 1.42(0.70,2.88)

Model 2 1 0.98(0.38,2.56) 0.53(0.20,1.43) 0.98(0.42,2.29)
Total sleep quality

Crude 1 1.30(0.69,2.48) 1.05(0.57,1.94) 1.95(1.10,3.49)

Model 1 1 1.37(0.71,2.64) 1.02(0.55,1.90) 1.97(1.09,3.56)

Model 2 1 1.07(0.50,2.30) 0.91(0.44,1.89) 1.62(0.82,3.21)

0.01 1 0.76(0.28,2.06) 1.08(042,276)  1.85(0.784.39)  0.04
0.05 1 0.53(0.18,1.56) 0.70(0.25,1.96)  1.04(0.37,297) 036
0.19 1 0.72(0.20,2.67) 0.58(0.15,2.22)  1.02(0.27,3.84)  0.70
0.28 1 0.31(0.10,0.96) 0.89(0.352.22)  081(0.33,1.97) 065
0.23 1 0.29(0.08,1.02) 0.89(0.31,257)  0.77(0.252.38) 053
0.16 1 0.28(0.06,1.36) 0.88(0.22,3.58)  0.83(0.203.57) 044
032 1 1.02(0.42,2.51) 0.88(0.352.20)  1.74(0.763.98)  0.12
061 1 0.81(0.31,2.13) 0.66(0.25,1.80)  1.23(046,3.30) 045
0.76 1 0.84(0.27,2.62) 059(0.18,1.96)  0.83(0.252.72)  0.77
0.04 1 0.39(0.18,0.86) 0.66(0.29,148)  0.88(0.31,249) 0.18
0.06 1 0.56(0.27,1.18) 0.89(043,1.86)  097(0442.11) 038
0.22 1 0.68(0.29,1.61) 0.74(032,1.85)  0.95(0.38237) 075

# 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

diabetes after adjusting for all potential confounders
(OR =3.37; 95% CI: 1.23-9.18; Py, .n.q= 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; P,.,q= 0.06) and sleep disorders (OR
=3.16; 95% CI: 1.24-8.05; P, nq= 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;
Pyeng= 0.02). An increasing trend but non-significant
relationship was observed between DIL and subjective
sleep quality among patients without diabetes (Pyonq=
0.04). In addition, Higher DGI was associated with higher
odds of sleep medication (OR =2.66; 95% CI: 1.04—6.78;
Pt eng= 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,
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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) 023 1 0.81(0.37,1.77) 0.81(0.35,1.90) 0.92(042,2.03) 0.80
Model 12 1 1.75(0.71,4.34) 1.91(0.79,4.67) 2.05(0.81,5.21) 0.12 1 1.05(041,2.67) 1.37(0.39,4.84) 2.83(041,19.37) 043
Model 2° 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(047,2.21) 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) 042(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(0.37,255) 094 1 041(0.16,1.10)  0.59(0.152.30)  0.38(0.05,2.88) 032
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(043,2.42) 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(041,3.30) 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) 043 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) 043(0.12,1.57) 0.43(0.06,3.12) 0.25
Model 2 1 1.30(0.40,4.24) 3.45(1.14,1045) 1.60(0.49,5.22) 017 1 0.65(0.20,2.11) 0.45(0.09,2.38) 0.54(0.05,6.26) 043
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) 085
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(0.553.48)  1.32(0.54,3.26) 1.36(0.52,355) 055 1 055(0.21,1.47)  052(0.14,1.90)  0.55(0.07,4.19) 037
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 1 047(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) 012
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(047,3.25) 047 1 0.96(0.38,2.44) 1.23(0.52,2.94) 1.19(041,3.44) 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(042,5.78) 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(1.05,541) 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(041,2.11) 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(048,3.91) 0.57
Model 2 1 0.97(0.34,281)  1.06(0.38,2.98) 1.31(047367) 059 1 1.51(0.534.29)  1.81(0.655.00)  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 1 142(0.553.65  1.55(0.61,3.93) 1.61(0.653.99) 031 1 057(0.22,1.48)  0.85(0.362.02)  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) 049 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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Sleep disorders

Crude 1 2.26(0.98,5.19) 1.41(0.58,3.47) 1.33(0.56,3.17)

Model 1 1 2.71(1.03,7.15) 1.69(0.63,4.53) 1.64(0.62,4.30)

Model 2 1 2.31(0.68,7.86) 1.20(0.33,4.37) 1.36(0.39,4.74)
Use of sleep medicine

Crude 1 2.34(0.76,7.24) 1.86(0.57,6.11) 1.15(0.33,4.02)

Model 1 1 1.66(0.48,5.72) 1.55(0.44,5.43) 1.12(0.30,4.13)

Model 2 1 1.11(0.25,4.96) 1.44(0.32,6.55) 0.79(0.16,3.86)
Daytime dysfunction

Crude 1 1.87(0.77,4.54) 1.70(0.68,4.28) 1.17(0.46,2.99)

Model 1 1 1.92(0.71,5.21) 1.93(0.72,5.18) 1.34(0.49,3.67)

Model 2 1 1.86(0.51,6.71) 1.61(0.45,5.70) 1.57(0.43,5.76)
Total sleep quality

Crude 1 2.61(1.18,5.75) 1.66(0.74,3.69) 1.50(0.70,3.23)

Model 1 1 2.19(0.89,5.42) 1.56(0.64,3.78) 1.56(0.66,3.66)

Model 2 1 242(0.84,6.94) 1.87(0.66,5.27) 1.40(0.52,1.81)

0.88
0.62
0.99

0.98
0.97
0.90

0.86
063
0.62

0.54
048
0.65

1 0.53(0241.20)  062(0.28,1.35)  0.52(0.23,1.19) 0.13
1 042(0.16,1.09)  0.50(0.20,1.21)  0.43(0.14,1.28) 0.15
1 0.50(0.16,1.64)  0.35(0.11,1.12)  0.43(0.11,1.67) 0.15
1 0.29(0.09,095)  052(0.19,1.40)  0.40(0.13,1.19) 0.11
1 0.36(0.10,1.28)  0.59(0.21,1.67)  0.65(0.17,2.54) 0.50
1 043(0.10,1.80)  0.56(0.152.11)  0.73(0.14,3.73) 0.66
1 0.90(0.39,2.07)  069(0.29,1.64)  0.87(0.37,2.05) 0.60
1 0.98(0.38,2.53)  0.72(0.28,1.85) 1.18(0.39,3.53) 0.96
1 0.81(0.25,2.64)  0.54(0.16,1.83) 1.10(0.26,3.90) 0.80
1 0.36(0.16,0.78)  0.60(0.27,1.31)  0.46(0.21,1.02) 0.13
1 0.35(0.14,087)  0.56(0.23,1.38)  0.55(0.19,1.57) 048
1 0.32(0.11,091)  0.50(0.17,147)  0.50(0.15,1.73) 0.51

# 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

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.
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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) 013

Model 12 1 0.98(0.49,1.93) 1.08(0.55,2.12) 0.81(041,1.62) 0.63 1 1.36(0.64,2.90) 1.53(0.57,4.07) 1.75(0.40,7.66) 041

Model 2° 1 1.26(0.55,2.90) 1.28(0.56,2.94) 1.37(0.59,3.18) 048 1 2.19(0.87,5.51) 3.79(1.16,12.45) 5.25(0.89,3099 004
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) 091 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(042,2.12) 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) 052

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(0.85353)  156(0.763.20)  1.67(0.82341) 025 1 0.94(047,1.90)  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(0.753.27) 1.59(0.77,3.29) 033 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(0684.58)  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(049,17.33) 043
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 1 200(0.994.06)  1.53(0.743.18)  146(0.713.02) 054 1 2.12(0964.68)  2.04(0.755.55) 225(0.52,9.81) 023

Model 2 1 2.18(0.95,5.00) 1.22(0.52,2.85) 1.66(0.71,3.86) 0.60 1 243(0.97,6.07) 2.27(0.70,7.38) 1.92(0.34,1092) 031
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(042,3.61) 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(041,1.31) 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)  069(0.30,1.63)  1.60(0.753.44) 041 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(0.62,241) 0.40

Model 1 1 1.22(0.58254)  168(0.853.35)  1.70(0.83348)  0.09 1 1.07(049,234)  1.40(0.653.01) 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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Sleep disorders

Crude 1 1.17(0.60,2.31) 1.30(0.68,2.51) 1.45(0.75,2.82) 0.25

Model 1 1 0.98(0.46,2.09) 1.33(0.65,2.75) 1.76(0.84,3.69) 0.10

Model 2 1 0.84(0.34,2.09) 1.24(0.52,2.91) 1.86(0.79,4.42) 0.1
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

Model 1 1 1.38(0.61,3.13) 1.80(0.83,3.91) 1.90(0.85,4.27) 0.09

Model 2 1 1.88(0.70,5.07) 1.94(0.76,4.94) 2.66(1.04,6.78) 0.05
Daytime dysfunction

Crude 1 0.48(0.24,0.96) 0.73(0.39,1.38) 1.06(0.57,1.96) 0.66

Model 1 1 0.41(0.19,0.86) 0.63(0.32,1.23) 1.08(0.56,2.09) 0.69

Model 2 1 0.40(0.17,0.95) 0.66(0.30,1.45) 0.92(0.43,1.96) 0.99
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

Model 1 1 1.17(0.61,2.21) 1.25(0.68,2.31) 2.29(1.20,4.36) 0.02

Model 2 1 1.01(0.48,2.15) 1.05(0.51,2.17) 1.93(0.93,4.03) 0.10

1 0.59(0.30,1.14)  0.67(0.35,1.29) 0.85(0.45,1.59) 0.74
1 0.83(0.37,1.86)  0.97(0.44,2.11) 1.51(0.64,3.57) 0.26
1 1.01(0.38,2.66) 1.00(0.39,2.53) 1.88(0.69,5.17) 0.22
1 0.36(0.16,0.82)  0.97(0.49,1.90) 0.65(0.32,1.33) 0.72
1 049(0.20,1.21) 1.36(0.62,2.98) 1.01(041,249) 032
1 0.37(0.12,1.10) 1.21(0.48,3.06) 1.23(042,3.54) 0.17
1 1.23(0.62,2.42) 1.09(0.55,2.16) 1.58(0.81,3.06) 0.23
1 1.59(0.73,3.47) 1.31(0.60,2.86) 2.12(091,491) 0.15
1 1.63(0.66,4.01) 1.45(0.60,3.50) 1.71(0.65,4.50) 0.40
1 043(0.240.79)  0.65(0.36,1.19) 0.66(0.36,1.21) 047
1 0.60(0.30,1.21)  0.95(0.47,1.92) 1.16(0.54,2.52) 0.25
1 0.66(0.29,1.52)  0.88(0.39,1.97) 1.20(0.50,2.89) 0.39

# 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

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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