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Objective: To investigate the association of bedtime with the risk of early-onset diabetes mellitus (DM) and islet beta cell function.
Methods: 138 participants with treat-naive DM were included in this study. All participants underwent a 75g oral glucose tolerance
test. Sleep habit was obtained through a standardized questionnaire. Bedtime was categorized as < 22:00, 22:00-24:00, and > 24:00 in
this study. Multivariate logistic regression and multiple linear regression were used to estimate the association between bedtime and
risk of early-onset DM and islet beta cell function, respectively.

Results: Patients with early-onset DM had a later bedtime than those with late-onset DM. Individuals with bedtime > 24:00 had
a higher prevalence of early-onset DM than those with bedtime at 22:00-24:00 and < 22:00 (51.2% vs 29.3% vs 14.3%, respectively,
p = 0.028). The multivariate logistic regression showed that per hour later in bedtime was associated with a 52% increased risk of
early-onset DM (p = 0.023). Patients with bedtime after 24:00 had a 146% increased risk of early-onset DM compared to those went to
bed between 22:00 to 24:00 (OR = 2.46, 95% CI 1.05 to 5.77, p = 0.039). The multiple linear regression showed that bedtime was
independently negatively correlated with late-phase insulin secretion (assessed by disposition index, DI;5().

Conclusion: Later bedtime was associated with worse late-phase insulin secretion and may be a risk factor for early-onset DM.
Proper bedtime to lower risk of early-onset DM deserves further investigation.
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Background

The prevalence of diabetes mellitus (DM) has been increasing in recent decades.' According to a large-scale survey in
China, the prevalence of DM rose from 10.9% in 2013 to 12.4% in 2018. Moreover, the median onset age of DM has
gradually advanced, from 55.8 years old in 2013 to 51.3 years old in 2018.2 Among them, the proportion of patients with
early-onset DM (onset age earlier than 40 years old) has increased from 5.9% in 2013 to 11.5% in 2018.%* The earlier the
age of onset, the longer and heavier the economic burden on the individual and society, suggesting that early-onset DM is
becoming one of the significant health burdens in China. Studies have shown that patients with early-onset DM are
characterized by increased insulin resistance (IR) and impaired islet beta cell function compared with patients with late-
onset DM.*> What’s more, early-onset DM was reported to be associated with an increased risk of development of

8-10 and

cardiovascular disease®’ and progression of diabetic microvascular complications, like diabetic kidney disease
diabetic retinopathy'' compared to those with late-onset DM.

The development of early-onset type 2 diabetes mellitus (T2DM) is the result of a combination of genetic and
multiple environmental factors. Among the many environmental risk factors associated with early-onset T2DM, obesity,
sedentary lifestyle, low physical activity, and socioeconomic status have been widely recognized.'? In recent years,
studies have reported that sleep disorders are less known risk factors for the development of T2DM. Previous studies on
sleep and DM have primarily focused on sleep quality and duration.'>'> For example, a meta-analysis included 10

studies, with a total of 107,756 participants, showed that short sleep duration (< 5-6 h) and long sleep duration (> 8-9 h)
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were both associated with an increased risk of T2DM, with a RR 1.28 (95% CI 1.03—1.60) and 1.48 (95% CI 1.13-1.96),
respectively.'® Previous studies have also reported that bedtime is associated with the risk of developing DM,
abdominal obesity,'® and non-alcoholic fatty liver disease.'”° However, no studies have explored the correlation
between bedtime and the risk of early-onset DM. Besides, it is unknown whether bedtime affects insulin resistance
and islet beta cell function, two main mechanisms contributing to the development of T2DM.

To fill this gap, we administered a sleep questionnaire in newly diagnosed, untreated T2DM to investigate the
correlation between bedtime and the risk of early-onset T2DM and islet beta cell function.

Methods

Population

The participants were recruited from Mar. 2020 to Dec. 2022 in the Department of Endocrinology, Beijing Shijitan
Hospital, Capital Medical University. 138 adult patients aged 18 to 80 with newly diagnosed, treat-naive T2DM were
included in this study (Figure 1). The diagnosis of DM was based on the World Health Organization (WHO) diagnostic
criteria, 1999. Those with fasting plasma glucose (FPG) > 7.0 mmol/L or 2-h postprandial plasma glucose (PPG) > 11.1
mmol/L were defined as having DM. The exclusion criteria were as follows: 1) patients already receiving glucose-
lowering medication; 2) patients diagnosed with type 1 diabetes, gestational diabetes, or other types of diabetes; 3)
patients with severe cardiovascular, hepatic, or kidney disease. The study protocol was approved by the Ethics
Committee of Beijing Shijitan Hospital, Capital Medical University (Approval Number: sjtkyll-1x-2021(27)) and was
conducted following the Declaration of Helsinki. All patients provided written informed consent to participate in the

study.

Patients with DM admitted in Beijing Shijitan
Hospital between Mar. 2020 to Dec. 2022

Exclusion:

1. DM other than T2DM

2. already having treatment
3. with severe complications

>

A

Inclusion: newly diagnosed untreated T2DM

(n=138)
Early-onset DM Late-onset DM
(<40yo), n=54 (=40 yo), n=84

A

A 75g OGTT to assess glucose tolerance, IR and islet beta cell function
Standardized questionnaires to assess sleep quality and sleep habits
To assess the association of bedtime with the risk of early-onset DM
and islet beta cell function

W~

Figure | Flowchart of the study.
Abbreviations: DM, diabetes mellitus; T2DM, type 2 diabetes mellitus; yo, years old; OGTT, oral glucose tolerance test; IR, insulin resistance.
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Data Collection

Height and weight measurements were performed after overnight fasting with thin clothes. Body mass index (BMI) was
calculated as BMI = weight (kg) / height (m)?. Waist circumference (WC) was measured midway between the iliac crest
and the costal margin. Venous blood was collected through the elbow vein from patients who had fasted for at least 10
hours. All the participants underwent a 75-g oral glucose tolerance test (OGTT) after overnight fasting. Venous blood
was collected at 0, 30, 60, and 120 min and used to measure plasma glucose (hexokinase method), serum insulin (INS,
chemiluminescent enzyme immunoassay), and C peptide (CP, chemiluminescent enzyme immunoassay). Glycosylated
hemoglobin (HbA1c) was detected using a high-performance liquid chromatography method (Tosoh HLC-723 G8; Tosoh
Bioscience, Inc, Tokyo, Japan). The serum uric acid (UA) and lipid profiles, including total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol (HDL-c), and low-density lipoprotein cholesterol (LDL-c), were measured
using an automatic biochemical analyzer.

Assessment of Insulin Resistance and Islet Beta Cell Function

Homeostasis  model assessment of insulin  resistance = (HOMA-IR) was used to assess IR:
HOMA — IR = fasting plasma glucose (mmol/L) x fasting insulin (xIU/ml)/22.5.%' Besides, the Matsuda insulin sensitiv-
ity index (ISIy;) and Quantitative insulin sensitivity check index (QUICKI) were used to assess whole-body insulin sensitivity
and  were calculated using the formula as  follows: ISIy = 10*/[(fasting plasma glucose x fasting
insulin) x (average plasma glucose x average insulin)]’>,>> QUICKI = 1/[log insulin (xIU/ml) + log glucose (mg/dl)].?
Homeostasis model assessment of beta cell function (HOMA-fB) was calculated to assess beta cell function:
HOMA — B = 20 x fasting insulin (uIU/ml)/[fasting plasma glucose (mmol/L) — 3.5].>' The insulinogenic index (IGI)
was used to assess the early-phase insulin secretion (IGI3p=AINS;_30/AGlug_3) and late-phase insulin secretion
(IGI1290=AINS¢_120/AGlug_ 120).24 The disposition index (DI), a comprehensive evaluation of insulin secretion and insulin
resistance, was measured as DI3p=AINS;_39/AGlug_39 x ISIy, and DIj90 = AINS)_120/AGlug_120 X ISIy. 2

Assessment of Sleep Information

Information on sleep habits, shift work, and chronotype was obtained by a self-reported questionnaire. The Pittsburgh
Sleep Quality Index (PSQI) questionnaire was used to assess sleep quality and sleep habits during the past month.*
Bedtime was derived from the question: “During the past month, at what time do you usually go to bed?”. Sleep duration
was obtained by asking: “During the past month, how many hours of actual sleep did you get at night (this may differ
from the number of hours you spent in bed)?”. The PSQI score was calculated to reflect the patient’s sleep quality. Sleep
efficiency was calculated by dividing the actual length of sleep by the interval between waking time and bedtime.

Definition and Grouping

Because of the insidious onset of T2DM and the delay in diagnosis in some patients, the age of onset is not equivalent to
the age of diagnosis. Duration of DM is defined as the interval between the diagnosis of DM and the appearance of
symptoms. The onset age of DM is calculated by subtracting the duration of DM from the diagnosis age of DM. Early-
onset DM was defined as the onset age of DM less than 40 years old, according to previous studies.***” Thus, patients
were grouped into two groups according to the onset age of DM: early-onset DM (onset age < 40 years old) and late-
onset DM (onset age > 40 years old). A PSQI score of > 5 is defined as having poor sleep quality. Due to the median of
bedtime among the participants was 23:00, the bedtime was divided into 3 groups: early bedtime group (< 22:00), median
bedtime group (22:00-24:00), and late bedtime group (> 24:00). Sleep duration was categorized into three groups in
a similar way: <5 h, 5-7 h, and > 7 h.

Statistical Analysis

Normality was assessed for all continuous variables. Normally distributed data were expressed as the mean + SD, and
Student’s #-test was used to evaluate differences between groups. Non-normally distributed data were expressed as the
median (Q1, Q3), and differences between groups were assessed using the Mann-Whitney U-test. Categorical variables
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were expressed as counts/percentiles (%), and Pearson’s y2-test was used to compare the difference between groups.
Multivariable logistic regression and multiple linear regression analysis with stepwise variable selection procedure were
used to assess the association of bedtime with early-onset DM and DI, (In transformed), respectively. Statistically
significant variables (p < 0.1) from the univariate logistic regression analyses were included in the multiple logistic
regression analysis. All statistical analyses were performed using IBM SPSS Statistics 23.0 (IBM Corp., Armonk, NY,
USA). A p-value < 0.05 was considered significant.

Results

Basic Characteristics of Patients Grouped by Onset Age of DM

The average age of patients with newly diagnosed, untreated T2DM in this study was 48 years old. The median duration of
DM was 10 months, with an average onset age of DM 41 years old, among which 54 (39.1%) patients were early-onset DM.
Patients with early-onset DM were heavier and had larger WC than those with late-onset DM. The proportion of obesity and
family history of DM was significantly higher in patients with early-onset DM than in those with late-onset DM. The two
groups had no significant differences in plasma glucose, IR, or islet beta cell function. HbA 1c was relatively higher in patients
with early-onset DM, but there were no statistically significant differences (Table 1). Early-onset diabetic patients had a later
bedtime compared to those with late-onset DM. Yet, there were no statistically significant differences in sleep duration, sleep

Table | Basic Characteristics of Patients with Different Onset-Age of DM

Total Early-Onset DM Late-Onset DM P

n=138 n=54 (39.1%) n=84 (60.9%)
Age (yo) 48.17%13.18 35.93+£7.74 55.43£10.22 <0.001
Female 45 (32.6%) 21 (38.9%) 24 (28.6%) 0.207
Onset age (yo) 41.46x18.07 32.82+5.36 53.06+£9.42 <0.001
Duration of DM (mo) 10.5 (I, 36) 12 (1, 36) 12 (1, 36) 0.93
Smoking 52 (37.7%) 20 (37.0%) 32 (38.1%) 0.9
Drinking 53 (38.4%) 22 (40.7%) 31 (36.9%) 0.651
Height (cm) 171.0 (164.0, 177.0) 175.0 (165.0, 179.5) 170.0 (164.0, 176.0) 0.167
Weight (Kg) 81.34+18.07 91.27£25.63 76.63x14.75 0.001
BMI (Kg/m?) 26.81+4.22 27.63+3.82 26.28+4.41 0.089
WC (cm) 94.81%11.48 97.76+12.48 93.50£10.37 0.049
Obesity 47 (34.1%) 26 (48.1%) 21 (25.3%) 0.006
SBP (mmHg) 132.32+15.80 133.08+14.61 131.42£16.72 0.679
DBP (mmHg) 83.24+12.49 85.28+13.47 81.51%11.78 0.227
FH of DM 77 (55.8%) 36 (66.7%) 41 (48.8%) 0.011
HbAlc (%) 7.9 (6.25, 10.3) 8.7 (6.6, 10.45) 7.9, (6.6, 10.4) 0.46
FPG (mmol/L) 7.07 (5.75, 8.49) 7.45 (5.95, 8.88) 7.44 (5.92, 8.67) 0.939
2hPG (mmol/L) 15.10 (10.07, 18.19) 16.1 (11.22, 18.75) 15.28 (10.12, 18.4) 0.498
FCP (ng/mL) 1.59 (2.15, 3.00) 2.06 (1.66, 3.07) 2.15 (1.50, 2.95) 0.612
2hCP (ng/mL) 6.70 (4.09, 9.32) 6.27 (4.11, 8.25) 6.18 (3.63, 8.97) 0.737
F-INS (ulU/mL) 10.91 (6.25, 16.19) 5.79 (11.01, 16.86) 6.26 (10.27, 14.95) 0.799
2hINS (ulU/mL) 43.05 (20.37, 74.13) 40.31 (17.07, 72.92) 20.87 (41.45, 66.74) 0.8lI1
UA (umol/L) 352.69+95.29 371.47+107.35 341.96+88.37 0.123
TC (mmol/L) 4.96x1.22 5.39%+1.43 4.75%1.07 0.009
TG (mmol/L) 1.72 (1.05, 2.62) 1.27 (1.94, 3.29) 1.65 (1.03, 2.32) 0.082
HDL-c (mmol/L) 1.08+0.30 0.97+0.20 1.08+0.25 0.037
LDL-c (mmol/L) 3.31£0.96 3.62£1.02 3.20+0.92 0.03
QUICKI 0.325+0.035 0.327+0.043 0.323+0.031 0.607
HOMA-IR 3.20 (1.98, 5.75) 3.43 (1.60, 5.88) 3.15 (2.19, 5.02) 0.809
HOMA-B 65.33 (3241, 99.77) 76.96 (28.37, 130.94) 62.26 (35.65, 94.28) 0.307

(Continued)
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Table | (Continued).

Total Early-Onset DM Late-Onset DM p
n=138 n=54 (39.1%) n=84 (60.9%)
1SInm 58.54 (31.55, 113.36) 58.54 (29.74, 119.90) 58.53 (34.48, 101.77) 0.979
IGl30 4.40 (1.54, 10.39) 4.52 (1.62, 23.81) 3.72 (1.53, 7.45) 0.182
IGl 20 4.25 (1.65, 15.44) 4.52 (1.62, 23.81) 3.90 (1.76, 12.16) 0.614
Dl3o 260.12 (111.94, 581.61) | 356.01 (114.65, 1096.17) | 248.33 (106.81, 445.51) | 0.166
Dl 240.96 (112.96, 766.83) | 233.89 (127.13, 829.93) 246.94 (86.24, 739.78) 0.668

Abbreviations: DM, diabetes mellitus; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood
pressure; FH, family history; HbAlc, glycosylated hemoglobin; FPG, fasting plasma glucose; FCP, fasting C-peptide; F-INS, fasting insulin; UA, uric
acid; TG, triglyceride; TC, total cholesterol; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; QUICKI,
quantitative insulin sensitivity check index; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA—-f, homeostasis model
assessment of beta cell function; ISly, Matsuda insulin sensitivity index; IGI, insulinogenic index; DI, glucose disposition index.

efficiency or sleep quality between the two groups. More than half of the patients went to bed between 22:00 and 24:00, and
the proportion of patients who went to bed after 24:00 was significantly higher in early-onset DM than in late-onset DM.
Besides, early-onset diabetic patients tend to have an evening chronotype (Table 2).

Comparison of Characteristics Among Patients with Different Bedtime

The average bedtime was 23:12, with 61.6% of patients going to bed between 22:00 and 24:00. The later the bedtime, the
younger the patient, and the earlier the onset age of DM. More than half of the patients who went to bed after 24:00 had
early-onset DM, a much higher proportion than those who went to bed before 24:00. BMI was similar among the three

Table 2 Comparison of Sleep in Patients with Early-Onset or Late-Onset DM

Total Early-Onset DM Late-Onset DM ]
n=138 n=54 (39.1%) n=84 (60.9%)

Bedtime (h: min) 23:12%1:06 23:36%1:06 23:00+1:06 0.006
Wake Time (h: min) 6:42+1:00 6:54+0:54 6:42+1:06 0.095
Sleep Duration (h) 6.6x1.2 6.7£1.0 6.6x1.2 0.551
Sleep latency (min) 10 (10, 30) 10.0 (10.0, 27.5) 15.0 (10.0, 30.0) 0.182
Sleep efficiency (%) 93.0 (86.0, 100.0) 94.0 (88.0, 100.0) 93.0 (86.0, 100.0) 0.085
PSQI Score 6.16+3.28 5.82+2.70 6.43£3.56 0.325
Bedtime 0.022

<22:00 7 (5.1%) I (1.9%) 6 (7.1%)

22:00-24:00 85 (61.6%) 28 (51.9%) 57 (67.9%)

= 24:00 46 (33.3%) 25 (46.3%) 21 (25.0%)
Sleep duration (h) 0.645

<50 7 (5.1%) 2 (3.7%) 5 (6.0%)

5.0-6.9 58 (42.0%) 21 (38.9%) 37 (44.0%)

270 73 (52.9%) 31 (57.4%) 42 (50.0%)
Sleep efficiency (%) 0.286

< 60% 5 (3.6%) I (1.9%) 4 (4.8%)

60-79% 19 (13.8%) 5(9.3%) 14 (16.7%)

= 80% 114 (82.6%) 48 (88.9%) 66 (78.6%)
PSQI 0.819

<5 63 (45.7%) 24 (44.4%) 39 (46.4%)

>5 75 (54.3%) 30 (55.6%) 45 (53.6%)
Shift work 18 (14.0%) 8 (16.3%) 10 (12.5%) 0.543
Evening chronotype 76 (71.7%) 33 (86.8%) 43 (63.2%) 0.01
Self-report depression 63 (54.3%) 21 (50.0%) 42 (56.8%) 0.483
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groups, but WC was significantly higher in those who went to bed after 24:00 than the other two groups. Although

glycemic control did not differ significantly among the three groups, the 2hCP, 2hINS, IGI;,9 and DI;,, were

significantly lower in patients with a bedtime more than 24:00 compared to those in the other two groups. In addition,
those who went to bed after 24:00 had higher TG and lower HDL-c levels (Table 3).

Table 3 Clinical and Sleep-Related Characteristics in Patients with Different Bedtime

Early Bedtime (< 22:00) Median Bedtime (22:00-24:00) Late Bedtime (= 24:00) P
n=7 n=85 n=46

Age (yo) 57.86+8.61 50.68+13.14 42.0711.47%7 <0.001
Female 3 (42.9%) 31 (36.5%) 11 (23.9%) 0.287
Early-onset DM 1 (14.3%) 22 (29.3%) 22 (51.2%)* 0.028
Duration of DM (mo) 9 (1, 240) 12 (1,36) 10 (1, 24) 0.669
Smoking 3 (42.9%) 22 (25.9%) 27 (58.7%) 0.001
Drinking 2 (28.6%) 25 (29.4%) 26 (56.5%) 0.008
Height (cm) 167.0 (160.0, 180.0) 170.0 (162.0, 175.0) 176.0 (168.8, 179.3)* 0.009
Weight (Kg) 71.93x13.21 79.51+21.03 86.11+18.05 0.087
BMI (Kg/m?) 24.87+3.25 26.46+4.41 27.73+3.84 0.118
WC (cm) 88.83+11.43 92.82+11.92 99.26+9.28+% 0.005
Obesity 0 (0.0%) 27 (32.1%) 20 (43.5%) 0.062
SBP (mmHg) 140.67+28.92 130.30+14.92 133.50+13.01 0.294
DBP (mmHg) 83.50+8.17 82.00+12.18 85.24+13.85 0.625
FH of DM 5 (71.4%) 49 (59.0%) 23 (51.1%) 0.504
HbAlc (%) 84 (6.8, 12.2) 7.65 (6.10, 10.35) 8.20 (6.95, 10.15) 0.206
FPG (mmol/L) 7.65 (6.43, 8.51) 6.80 (5.65, 8.42) 7.52 (5.98, 8.94) 0.386
2hPG (mmol/L) 17.55 (9.9, 21.97) 13.67 (8.86, 17.93) 15.81 (11.00, 18.76) 0.225
FCP (ng/mL) 1.82, (0.84, 1.98) 2.15 (1.53, 2.94) 2.40 (1.75, 3.13) 0.056
2hCP (ng/mL) 4.2 (2.36, 6.73) 7.50 (4.69, 10.00) 5.02 (3.65, 8.63) 0.015
F-INS (ulU/mL) 8.58 (4.36, 9.77) 10.67 (6.24, 15.48) 12.01 (7.87, 19.17) 0.062
2hINS (ulU/mL) 27.38 (17.07, 46.33) 51.00 (26.95, 88.00) 33.62 (17.04, 65.64) 0.045
UA (umol/L) 329.43+65.42 345.06+97.56 369.29+94.93 0.346
TC (mmol/L) 491%1.03 4.86x1.21 5.15£1.27 0.468
TG (mmol/L) 1.74 (1.23, 2.32) 0.94 (1.50, 2.25) 2.01 (1.22, 3.63)* 0.009
HDL-c (mmol/L) 1.01£0.21 1.15£0.31 0.98+0.26" 0.008
LDL-c (mmol/L) 3.55+0.81 3.23+1.07 3.39+0.77 0.552
QUICKI 0.339+0.030 0.329+0.036 0.315+0.033 0.068
HOMA-IR 2.92 (1.24, 3.18) 3.03 (1.74, 5.03) 3.74 (221, 7.12) 0.083
HOMA-B 38.16 (16.08k 74.68) 66.34 (33.08, 99.78) 75.17 (35.65, 106.04) 0.215
ISIm 78.75 (59.31, 117.63) 57.71 (30.84, 118.15) 58.65 (29.24, 80.38) 0.313
IGl30 3.01 (1.10, 7.50) 5.60 (1.84, 11.53) 3.53 (1.32, 11.22) 0.403
IGl20 1.72 (0.59, 16.68) 6.81 (1.99, 18.04) 2.80 (1.36, 5.16) 0.037
Dl3o 236.90 (64.97, 882.74) 302.07 (141.99, 605.55) 85.88 (157.45, 516.13) 0.076
Dly2 116.6 (41.18, 752.65) 343.10 (136.50, 1055.11) 144.09 (59.42, 302.47)* 0.006
Wake Time (h: min) 6:00£1:30 6:30+0:42 7:18+1:12% % <0.001
Sleep Duration (h) 7.8+24 6.7£1.0° 6.4+1.0% 0.006
Sleep latency (min) 10 (10, 120) 10 (10, 30) 10 (5,30) 0.334
Sleep efficiency (%) 94.0 (60.0, 100.0) 89.0 (82.0, 100.0) 95.5 (89.5, 100.0)* 0.02
PSQI Score 6.0+5.23 6.19+3.44 6.13£2.65 0.987
Sleep duration (h) 0.101

<5.0 1 (14.3%) 3 (3.5%) 3 (6.5%)

5.0-6.9 1 (14.3%) 32 (37.6%) 25 (54.3%)

270 5 (71.4%) 50 (58.8%) 18 (39.1%)

(Continued)
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Table 3 (Continued).

Early Bedtime (< 22:00) Median Bedtime (22:00-24:00) Late Bedtime (= 24:00) p
n=7 n=85 n=46
Sleep efficiency (%) 0.213
< 60% 1 (14.3%) 3 (3.5%) I (2.2%)
60-79% 1 (14.3%) 15 (17.6%) 3 (6.5%)
= 80% 5 (71.4%) 67 (78.8%) 42 (91.3%)
PSQI 0.735
<5 4 (57.1%) 37 (43.5%) 22 (47.8%)
>5 3 (42.9%) 48 (56.5%) 24 (52.2%)

Notes: *Early bedtime vs late bedtime p <0.05, “Median bedtime vs late bedtime, p <0.05, SEarly bedtime vs median bedtime p <0.05.

Abbreviations: DM, diabetes mellitus; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FH, family history;
HbA I c, glycosylated hemoglobin; FPG, fasting plasma glucose; FCP, fasting C-peptide; F-INS, fasting insulin; UA, uric acid; TG, triglyceride; TC, total cholesterol; HDL-c, high-
density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; QUICKI, quantitative insulin sensitivity check index; HOMA-IR, homeostasis model assessment
of insulin resistance; HOMA—, homeostasis model assessment of beta cell function; ISlm, Matsuda insulin sensitivity index; IGl, insulinogenic index; DI, glucose disposition
index.

Correlation of Bedtime with Early-Onset DM and Islet Beta Cell Function

The logistic regression analysis showed that family history of DM and bedtime were associated with early-onset DM
independently of gender, BMI, smoking, alcohol consumption, duration of DM, FPG, UA, lipids, and other sleep
measures. Each one hour later in bedtime was associated with a 52% increase in the risk of early-onset DM (OR =
1.52, 95% CI 1.06, 2.17, p = 0.023). When bedtime was included as a categorical variable in the regression model,
patients who went to bed after 24:00 had a 1.46-fold increased risk of developing early-onset DM compared to those who
went to bed between 22:00 and 24:00 (Table 4). Multiple linear regression analysis showed that bedtime, FPG, and UA

were independent risk factors associated with DI, after correcting for confounding factors (Table 5).

Table 4 Association of Bedtime with Early-Onset DM

Model Independents OR (95% CI) P
Univariate regression BMI 1.09 (1.01, 1.17) 0.034
UA 1.005 (1.001, 1.008) 0.016
LDL-c 1.50 (1.04, 2.17) 0.03
Sleep efficiency 1.04 (1.00, 1.07) 0.048
FH of DM 1.95 (0.98, 3.87) 0.057
Bedtime (per hour) 1.55 (1.10, 2.18) 0.012
Bedtime (PM)
22:00-24:00 | 0.043
< 22:00 0.35 (0.04, 3.10) 0.347
= 24:00 2.32 (1.09, 4.96) 0.03
Multivariable regression
Model | FH of DM 2,63 (1.12, 6.18) 0.026
Bedtime (per hour) 1.52 (1.06, 2.17) 0.023
Model 2 FH of DM 3.14 (1.31, 7.50) 0.01
Bedtime (PM)
22:00-24:00 | 0.048
< 22:00 0.31 (0.03, 2.85) 0.301
> 24:00 2.46 (1.05, 5.77) 0.039

Notes: Model |: bedtime as a continuous variable. Model 2: bedtime as a categorical variable, with bedtime 22:00-24:00 as an
indicator.

Abbreviations: DM, diabetes mellitus; BMI, body mass index; UA, uric acid; LDL-c, low-density lipoprotein cholesterol; FH,
family history.
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Table 5 The Multiple Linear Regression of LnDl ;o

B Beta P
FPG (mmol/L) —0.346 —0.604 <0.001
UA (umol/L) 0.004 0.286 0.007
Bedtime (per hour later) —0.337 —-0.279 0.032

Abbreviations: FPG, fasting plasma glucose; UA, uric acid; DI, glucose disposition index.

Discussion

Early-onset DM accounted for 39.1% of the participants in this study, which was higher than the proportion reported in previous
studies.'? In this study, early-onset diabetic patients had a higher proportion of overweight and obesity and family history of DM
than those with late-onset DM. However, there were no significant differences in diabetic duration, glycemic control, and islet beta
cell function between patients with early-onset and late-onset DM. Despite no significant differences in sleep quality, duration, and
efficiency, patients with early-onset DM had a later bedtime than those with late-onset DM. Grouping by bedtime showed that
patients with a bedtime after 24:00 had a higher ratio of a smoker, drinker, early-onset DM, and greater WC despite similar BML.
In addition, the 2hCP, 2hINS, IGI; 5, and DI, were significantly lower in the late bedtime group than in the early bedtime group.
Further regression analysis showed that late bedtime was an independent risk factor for early-onset DM and worse late-phase
insulin secretion, even adjusting for confounding factors, including sleep duration and other sleep habits.

Previous studies have reported that patients with early-onset DM have poorer glycemic control, more severe IR, and poorer
insulin secretion function than patients with late-onset DM.*'?> However, no significant differences were observed in this study
between early-onset and late-onset DM regarding glycemic control, IR, and islet beta cell function. A possible explanation is
that there was no significant difference in the duration of DM between early-onset DM and late-onset DM in this study, based
on the fact that all patients included in this study were newly diagnosed untreated diabetic patients. The duration of DM is
essential because the poorer islet beta cell function and higher risk of CVD and chronic complications in patients with early-
onset DM largely depend on the longer duration of DM, as reported in previous studies.®'"’

In this study, patients with early-onset DM have a significantly later bedtime and a higher proportion of evening chronotype
than those with late-onset DM. Regression analysis showed that late bedtime was independently associated with early-onset DM,
suggesting that late bedtime might be an independent risk factor for early-onset DM. Previous studies have reported that late
bedtime increases the risk of DM, but no studies have explored the impact of bedtime on the development of early-onset DM. To
our knowledge, this is the first report that bedtime is associated with the prevalence of early-onset DM. This study showed that the
risk of early-onset DM increased by 52% for each 1-h increase in bedtime. The risk of early-onset DM increased 1.46-fold in
patients whose bedtime was after 24:00 compared with those between 22:00-24:00. More than one study has reported that sleep
duration is associated with the incidence of DM and that either short or long sleep duration increases the risk of DM."** In the
present study, patients with late bedtime tended to wake up later but slept for a shorter duration. However, we did not detect
significant associations between sleep duration and early-onset DM. After correcting for sleep efficiency, late bedtime was still
significantly associated with increased risk of early-onset DM, suggesting that bedtime might be a risk factor for prevalence of
early-onset DM independent of other sleep characteristics and confounding factors.

Possible reasons for the increased risk of early-onset DM in individuals with late bedtime include shorter sleep
duration, less activity, increased calorie intake, more weight gain, more prolonged light exposure, and hormonal
disruption, such as less melatonin secretion.?’ > In addition, in the current study, we explored the effect of bedtime
on insulin secretory function. It turned out that patients who went to bed after 24:00 had lower 1GI;,o and DI;,q than
those who went to bed between 22:00 and 24:00, suggesting an impaired late-phase insulin secretion in patients with late
bedtime. Regression analysis showed that bedtime was an independent risk factor associated with DI, after correcting
for other confounding factors. Thus, we speculate that late bedtime may increase the risk of early-onset DM by impairing
late-phase insulin secretion, which has not been reported before. Therefore, we have reason to believe that improving the
sleep habit by going to bed earlier may help to delay the impaired insulin secretion function in the late phase, which in
turn may help to delay the occurrence of early-onset DM. Future studies are needed to confirm this speculation further.
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Limitations and disadvantages: This cross-sectional study can only infer the correlation but cannot determine the
causal relationship. Besides, bedtime and other sleep habits were self-reported; thus, recall bias might be inevitable.
Therefore, prospective cohort studies with objective methods to assess sleep are needed to explore the influence of
bedtime on the onset age of DM and islet beta cell function. In addition, the sample size of this study was relatively
small. Thus, future studies with larger sample sizes are needed to validate the results of this study.

In general, patients with early-onset DM tend to go to bed late. Meanwhile, patients with late bedtime have poorer
late-phase insulin secretion and a higher proportion of early-onset DM. Regression analysis showed that later bedtime is
correlated with worse late-phase insulin secretion and increased risk of early-onset DM. Therefore, we have reason to
believe that going to bed early might be a potentially effective strategy to prevent the development of early-onset DM by
delaying the impairment of late-phase insulin secretion. Further research is needed to confirm the speculation and explore
the specific mechanisms in the future.
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