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Association between persistent
nocturnal sleep duration patterns
and carotid intima-media thickness
in Chinese patients with type 2
diabetes
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The aim of this study was to investigate the association between persistent nocturnal sleep duration
patterns and carotid intima-media thickness (CIMT) in Chinese patients with type 2 diabetes mellitus
(T2DM). From March 1, 2018 to August 31, 2023, a cross-sectional study was carried out at the
National Metabolic Management Center of the First Affiliated Hospital of Ningbo University. Each
patient completed a minimum of three sleep questionnaire assessments during the study period.
Group-based trajectory modeling was employed to identify distinct groups of patients exhibiting
different trajectories of nocturnal sleep duration. CIMT =21 mm was used to assess early atherosclerotic
changes in arterial structure. Multiple logistic regression was used to assess the association between
trajectories of nocturnal sleep duration and CIMT. Three trajectories of nocturnal sleep duration were
identified: persistent short (6.44 h: n=114, 13.5% of all subjects), persistent moderate (7.59 h: n=500,
59.0%), and persistent long (8.69 h: n=233, 27.5%). After adjusting for age, sex, education, body mass
index, physical activity, current smoking, current alcohol drinking, hypertension, hyperlipidemia, and
HbA1c, the odds of CIMT =1 mm were found to be higher in patients with persistent short nocturnal
sleep duration (OR 3.03, 95%Cl 1.15, 7.98). However, no significant association was found between
persistent long sleep duration at night and CIMT 21 mm. Persistent short nocturnal sleep duration

was associated with increased CIMT in Chinese patients with T2DM. Further longitudinal studies are
warranted to fully elucidate this topic.
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The prevalence of type 2 diabetes mellitus (T2DM) presents a significant public health challenge for China, with
an estimated 140.9 million adults diagnosed in 2021!. The number is expected to 174.4 million by 2045'. This
growing population faces a heightened risk of atherosclerotic cardiovascular diseases, including coronary artery
disease, stroke, and peripheral vascular disease. These complications are major contributors to disability and
mortality, accounting for approximately half of all deaths in patients with T2DM?2.

Adequate sleep is vital for both physical and mental health, and the American Heart Association identifies
the nocturnal sleep duration as one of eight essential components in achieving optimal cardiovascular health?.
Studies have established a correlation between sleep duration and cardiovascular health, with both short and
long sleep durations associated with increased cardiovascular mortality*-6. However, modern lifestyles have
demonstrably altered sleep patterns globally, including China, where the average daily sleep duration decreased
from 8.2 h in 2010 to 7.6 h in 2018’. Notable, individuals with T2DM are more susceptible to sleep problems
compared to the general population®®.

Atherosclerosis is the primary pathological basis for the occurrence of cardiovascular disease (CVD)™.
Atherosclerosis, a key contributor to cardiovascular disease (CVD), can manifest as structural changes in arterial
walls or functional changes such as arterial stiffness'!. Carotid intima-media thickness (CIMT), measured via
ultrasound, is a well-established indicator of early atherosclerosis progression and future myocardial infarction
or stroke!?-!*, Research findings have varied regarding the link between sleep duration and CIMT!>-2!. No study
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in China has investigated this association in patients with T2DM. Meanwhile, most existing studies on sleep
duration and CIMT rely on single-point sleep data!®>-2!, which may not accurately reflect participants’ long-term
sleep habits.

Therefore, this study aimed to utilize trajectory models to explore the association between persistent sleep
duration patterns and CIMT in Chinese T2DM patients, focusing on stable sleep categories derived from repeated
measurements over three years. Since sleep duration is a modifiable and ubiquitous process, the findings may
have practical implications for the prevention of CVD in patients with T2DM.

Materials and methods

Metabolic management center (MMC)

The MMC, led by Ruijin Hospital, provides standardized diagnosis and treatment for adults aged 18 to 75 with
various metabolic disorders, including T2DM?*. Patients under MMC management are required to attend
annual check-ups. To date, over 1000 MMCs have been running across mainland China??. Established in 2018,
the First Affiliated Hospital of Ningbo University is the largest branch in Ningbo and a provincial-level center
for Zhejiang Province?!. From March 1, 2018 to August 31, 2023, 5680 patients with T2DM were managed at
this center.

Study design and analytic sample

This cross-sectional study utilized data from the MMC at the First Affiliated Hospital of Ningbo University
between March 1, 2018, and August 31, 2023. Patients were eligible for this study if they met the 1999 WHO
criteria for T2DM? and the following additional criteria: (1) Completed the annual sleep questionnaire at least
three times; and (2) Had carotid ultrasound examination with CIMT data available at the time of the last sleep
questionnaire. Among the 5680 patients with T2DM under MMC management, 847 completed the annual sleep
questionnaires at least three times, and 786 underwent carotid ultrasounds with CIMT data. Subsequently, sleep
data from 847 patients were used for sleep duration trajectory analysis, and 786 eligible patients were analyzed
to explore the association between nocturnal sleep duration trajectories and CIMT (Fig. 1).

Data collection and study variables

Trained nurses conducted in-person interviews using standardized MMC questionnaire to collect data
on demographics, behavioral vascular risk factors, and medical history?’. Trained hospital staff assessed
anthropometric and biochemical parameters following the MMC standardized protocol?. Specifically, the
following data were extracted for this study:

(1) Self-reported demographics:
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Fig. 1. Flowchart of analytical sample.
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(a) Age.
(b) Sex (male or female).
(c) Education level (below high school, or high school or above).

(2) Self-reported behavioral vascular risk factors.

(a) Current smoking (yes or no; assessed at the time of the last sleep questionnaire).

(b) Current alcohol drinking (yes or no; assessed at the time of the last sleep questionnaire).

(c) Physical activity (low, or moderate/high; assessed at the time of the last sleep questionnaire using the
International Physical Activity Questionnaire-Short?®).

(d) Nocturnal sleep duration (Assessment conducted during the first MMC visit and at each subsequent
annual follow-up. The questionnaire contains the following questions: 1) How did you rate your sleep
over the past seven days? Good, bad, or requiring medication for sleep? 2) What were your typical
bedtime and wake up times over the past seven days? 3) Did you nap during the past seven days? If so,
how long was each nap? Nocturnal sleep duration was obtained by calculating the interval between
bedtime and wake-up time).

(3) Medical history.

(a) High blood pressure (yes or no; defined as blood pressure reading on the day of the last sleep data
collection of at least 140mmHg systolic and/or 90mmHg diastolic, measured while seated using an
automated Omron HBP-1100U monitor®’).

(b) Hyperlipidemia (yes or no; defined as meeting any of the following criteria on the day of the last sleep
data collection: total cholesterol>4.5mmol/L and/or triglycerides>1.7mmol/L (AU5400, Beckman
Coulter, USA)?®).

(4) Anthropometric and biochemical parameters.

(a) Body mass index (BMI) (<24 kg/m?, 24 to <28 kg/m?, or > 28 kg/m??%; BMI was calculated by dividing
weight in kilograms by the square of height in meters. Weight and height were measured at the time
of the last sleep data collection in a standing position with light clothes and without shoes. Weight
and height were measured to the nearest 0.1 kg and 0.5 cm, respectively, using calibrated digital scale
(HNH-318, Omron, Japan)).

(b) Glycosylated hemoglobin (HbAlc, <7% or >7%%; determined at the time of the last sleep data col-
lection using the high-performance liquid chromatographic method on a D-10 Hemoglobin Analyzer
(Bio-Rad, USA)).

(c) CIMT (<1 mm or =1 mm?®; assessed at the time of the last sleep questionnaire using B-mode ultra-
sound (Resona R9T, Mindray China) by an ultrasound doctor. In a longitudinal view, CIMT appeared
as a double line pattern between the intima-lumen and media-adventitia interfaces of the carotid wall.
To minimized interindividual variability, measurements were taken on a plaque-free segment (usually
distal common carotid artery) at least 5 mm below the carotid bifurcation. To ensure high-quality im-
ages for CIMT measurement, a lateral probe position with a 90° insonation angle was used. CIMT was
measured three times on a 10 mm segment, preferably on the posterior wall, and the average value was
recorded for both left and right sides).

Statistics analyses

All statistical analyses were performed using Python 3.11.5 and Stata 17 for Mac. Group-based trajectory
modeling (GBTM) was employed to delineate subgroups of patients exhibiting persistent patterns of nocturnal
sleep duration, based on 3-5 annual measurements collected at the first MMC visit and subsequent follow-
ups between March 1, 2018, and August 31, 2023, with intervals of approximately one year. The GBTM
approach posits the presence of unobserved subpopulations or distinct groups defined by their developmental
trajectories across time. This methodology facilitates the estimation of an individual’s likelihood of belonging
to a specific group, while also approximating the distribution of trajectories among subpopulations. From a
statistical perspective, GBTM involves simultaneously estimating multiple regression models and integrating the
information derived from these models to determine the highest probability of an individual’s inclusion within a
particular trajectory group. The analysis was conducted using Stata 17, fitting finite (discrete) mixture models to
longitudinal data to identify clusters of individuals displaying similar progressions in behavior or outcomes over
time. The models utilized the Censored Normal distribution with a cubic polynomial type (order < 3) assigned
to each group trajectory in Stata’!.

Categorical data were presented as numbers and percentages, while normally distributed continuous variables
were presented as means and standard deviations (SD). Inter-group comparisons were conducted using either
one-way ANOVA or Chi-square tests, as appropriate. To investigate the association between sleep duration
trajectories and CIMT, the following models were employed: (1) Unadjusted model: Simple logistic regression
analyses were conducted, with CIMT (=1 mm or <1 mm) as the dependent variable and sleep duration
trajectories as the primary independent variable; (2) Adjusted model: Multiple logistic regression analyses were
performed. Model 1 was adjusted for age and sex, while Model 2 included additional adjustments for education,
BMI, physical activity, current smoking, and current alcohol drinking. Model 3 further incorporated adjustments
for hypertension, hyperlipidemia, and HbAlc. Odds ratios (ORs) and 95% confidence intervals (Cls) were
calculated for each model. Analyses excluded missing data on adjusted variables. Statistical significance was
defined as a p-value <0.05. Sensitivity analyses were conducted as follows: (1) Subgroup analyses were performed
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by stratifying the fully adjusted Model 3 by sex. (2) CIMT was analyzed as a continuous variable (in millimeters)
using multiple linear regression, with sleep duration trajectories as the primary independent variable and the
moderate sleep duration group as the reference, adjusted for the same covariates as in Model 3.

Ethics

The study was granted ethical approval by the Research Ethics Committee of the First Affiliated Hospital of
Ningbo University (2019-R057). All methods were carried out in accordance with current guidelines and all
procedures complied with the requirements of the Declaration of Helsinki. Written informed consent was
obtained from all patients, permitting the use of routinely collected data for research purpose.

Results

The optimal model eventually identified three trajectories of nocturnal sleep duration: group 1 (persistent short),
group 2 (persistent moderate), and group 3 (persistent long). The persistent short nocturnal sleep duration
group consisted of 114 patients (13.5%), with an average sleep duration of 6.44 h (SD£1.01); the persistent
moderate nocturnal sleep duration group consisted of 500 patients (59.0%), with an average sleep duration of
7.59 h (SD £0.84); and the persistent long nocturnal sleep duration group consisted of 233 patients (27.5%), with
an average sleep duration of 8.69 h (SD £ 0.71). The trajectories of nocturnal sleep duration of the three groups
remained relatively stable over time (Fig. 2).

Table 1 reports the comparison of characteristics among the different nocturnal sleep duration trajectories.
The mean age was 48.6 years (SD+11.8), and 66.7% were male, and 4.3% of them had CIMT>1 mm. The
ages of the patients in the three groups were 49.8 years (SD £10.4), 48.3 years (SD+11.3), and 48.7 (SD+13.5),
respectively. There were no significant differences in the constituent ratio of sex, education, BMI, physical
activities, current smoking, current alcohol drinking, hypertension, hyperlipidemia, HbAlc, and CIMT across
the group.

Table 2 reports the results of the single logistic regression analysis. Without adjustment and considering a
significance level of p<0.05, CIMT =1 mm was found to be associated with age, sex, current smoking, current
alcohol drinking, hypertension, hyperlipidemia, HbAlc, and nocturnal sleep duration trajectories.

Table 3 reports the multiple logistic regression results of nocturnal sleep duration trajectories (with persistent
moderate nocturnal sleep duration group as the reference) and CIMT =1 mm in patients with T2DM. After
adjusting for age and sex (model 1), the odds of CIMT > 1 mm were found to be higher in patients with persistent
short nocturnal sleep duration (OR 2.78, 95%CI 1.10 to 7.02). With additional adjustments in Model 2 for
education, BMI, physical activity, current smoking, and current alcohol drinking, the odds of CIMT > 1 mm were
found to be higher in patients with persistent short nocturnal sleep duration (OR 2.84, 95%CI 1.10, 7.32). The
fully adjusted Model 3 yielded similar results (OR 3.03, 95%CI 1.15, 7.98). However, no significant association
was observed between persistent long nocturnal sleep duration and CIMT >1 mm.

The results of the sensitivity analyses were consistent with the primary analysis. In sex-stratified subgroup
analyses (fully adjusted Model 3), the OR of CIMT > 1 mm in the persistent short nocturnal sleep duration group
(with persistent moderate nocturnal sleep duration group as reference) was 2.50 (95% CI 1.02 to 6.15) among
men and 3.88 (95% CI 0.37 to 40.98) among women. For the persistent long nocturnal sleep duration group, the
OR was 2.11 (95% CI 0.94 to 4.77) in men and 2.09 (95% CI 0.30 to 14.56) in women. When treating CIMT as
a continuous variable (in millimeters), the persistent short nocturnal sleep duration group showed a significant
association with higher CIMT ($=0.0477, 95% CI 0.013 to 0.082), whereas the persistent long nocturnal sleep
duration group did not ($=0.0028, 95% CI —0.023 to 0.029).
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Fig. 2. Trajectories of nocturnal sleep duration of the total participants. The solid lines are the predicted
nocturnal sleep duration trajectory, and the dashed lines are the 95% confidence interval. Group 1 indicates
persistent short nocturnal sleep duration (114 individuals, 13.5%); group 2, persistent moderate nocturnal
sleep duration (500 individuals, 59.0%); and group 3, persistent long nocturnal sleep duration (233 individuals,
27.5%).
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Total (786) | Group 1 (96) | Group 2 (485) | Group 3 (205) | F/x®> | Pvalues

Age 48.6+11.8 |49.8+10.4 483+11.3 48.7+13.5 0.72 | 0.487
Sex

Female 262 (33.3) | 21(21.9) 163 (33.6) 78 (38.1) 7.74 | 0.258
Male 524 (66.7) |75 (78.1) 322 (66.4) 127 (61.9)

Education

Below high school | 343 (43.7) | 38 (39.6) 200 (41.2) 105 (51.2) 6.48 | 0371
High school or above | 442 (56.2) | 58 (60.4) 284 (58.6) 100 (48.8)

Unknown 1(0.1) 0(0) 1(0.2) 0(0)

BMI

<24 291 (37.0) 23 (24.0) 192 (39.6) 76 (37.1) 12.36 | 0.194
24-<28 330 (42.0) |42 (43.7) 202 (41.6) 86 (41.9)

>28 165 (21.0) | 31(32.3) 91 (18.8) 43 (21.0)

Physical activity

Low 242 (30.8) |34 (354) 153 (31.7) 55 (26.8) 2.65 | 0.852
Moderate/high 542 (68.9) |62 (64.6) 330 (68.3) 150 (73.2)

Current smoking

No 454 (57.8) | 51 (53.1) 274 (56.5) 129 (62.9) 3.41 | 0.756
Yes 332 (42.2) |45 (46.9) 211 (43.5) 76 (37.1)

Current alcohol drinking

No 353 (44.9) |30(31.2) 215 (44.3) 108 (52.7) 12.31 | 0.055
Yes 433 (55.1) | 66 (68.8) 270 (55.7) 97 (47.3)

Hypertension

No 532(67.7) |68(70.8) 329 (67.8) 135 (65.9) 0.75 | 0.993
Yes 254 (32.3) |28(29.2) 156 (32.2) 70 (34.1)

Hyperlipidemia

No 309 (39.3) |40 (41.7) 183 (37.7) 86 (42.0) 1.33 | 0.97
Yes 477 (60.7) | 56 (58.3) 302 (62.3) 119 (58.0)

HbAlc

<7% 332 (42.2) 48 (50.0) 207 (42.7) 77 (37.6) 4.85 | 0.563
>7% 437 (55.6) | 45 (46.9) 267 (55.0) 125 (60.9)

Unknown 17 (2.2) 3(3.1) 11(2.3) 3(1.5)

CIMT

<1 mm 752 (95.7) | 88(91.7) 471 (97.1) 193 (94.2) 7.31 | 0.293
>1mm 34 (4.3) 8(8.3) 14 (2.9) 12 (5.8)

Table 1. Characteristics of the study population by nocturnal sleep duration trajectories. BMI, body mass
index, HbAIc glycosylated hemoglobin, CIMT carotid intima-media thickness.

Discussion

Using longitudinal data with repeated measurement of sleep duration, three heterogeneous trajectories of
nocturnal sleep duration were identified. We observed that a trajectory of persistent short nocturnal sleep
duration, compared to moderate sleep duration, was associated with a greater likelihood of having CIMT > 1 mm
in patients with T2DM. Conversely, no significant association was found between a trajectory of persistent long
sleep duration and CIMT = 1 mm.

Previous researches have demonstrated a correlation between sleep duration and CIMT in the non-diabetic
population, but limited data are available for patients with T2DM. Our results in patients with T2DM, a
population with a high prevalence of sleep disturbances and increased risk of cardiovascular disease*®’, are
consistent with previous studies. A cross-sectional association between short sleep duration and greater CIMT
in middle-aged adults in the US'3, older adults (> 65 years) in Japan'®, and adolescents in Hongkong'’, has been
established. Another study in the Greek community found that those who slept <6 h had maximum CIMT among
all subjects'. In our study, a persistent average sleep duration of 6.44 h was associated with CIMT > 1 mm. CIMT
is one of the quantitative indicators reflecting early atherosclerosis and can effectively predict the occurrence of
future cardiovascular events®2. Our findings suggest that even a small but persistent reduction in persistent sleep
duration may contribute to the progression of early atherosclerosis. This has been supported by a recent study
from Thurston et al., who reported an increased risk of cardiovascular disease associated with persistent short
sleep duration (<5 h) over 20 years.

Our study found no significant association between persistent long sleep duration and CIMT>1 mm in
Chinese patients with T2DM, unlike some previous observational studies that reported an association between
long sleep duration and increased CIMT among adults in Germany?!, community residents in Japan?°, and police
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Variables OR (95% CI) P values
Age 1.09 (1.05, 1.12) | <0.01
Sex

Female 1

Male 2.90 (1.14, 7.40) 0.026
Education

Below high school 1
High school or above | 0.61 (0.32, 1.19) 0.147

BMI

<24 1

24-<28 1.18 (0.57, 2.44) 0.664
=28 0.88 (0.34, 2.31) 0.798
Physical activity

Low 1

Moderate/high 1.24 (0.59, 2.62) 0.572
Current smoking

No 1

Yes 3.28 (1.59, 6.77) 0.001
Current alcohol drinking

No 1

Yes 2.65(1.21,5.78) 0.014
Hypertension

No 1

Yes 2.09 (1.09, 4.03) 0.027
Hyperlipidemia

No 1

Yes 0.5 (0.25, 0.99) 0.047
HbAlc

<7% 1

>27% 2.18 (1.01, 4.73) 0.049
Nocturnal sleep duration trajectories

Moderate 1

Short 2.89(1.25,6.69) | 0.013
Long 2.03 (0.95, 4.31) 0.066

Table 2. Crude association of carotid intima-media thickness with the demographics, behavioral vascular risk
factors, biochemical parameters, and sleep duration trajectories. OR odds ratios, CI confidence interval, BMI
body mass index, HbAIc glycosylated hemoglobin.

officers in New York®.. These differences may stem from variations in study populations and methodological
approaches. Unlike prior studies, which often involved non-diabetic populations and relied on single-point
sleep duration measurements, our study focused on T2DM patients and utilized trajectory modeling to capture
persistent sleep patterns over three years. Additionally, the definition of long sleep duration in our study (8.69 h)
was lower than thresholds used in some prior research (e.g., 11-12 h in the study conducted in Germany),
and our reference group (mean 7.59 h) aligns with current sleep recommendations*, potentially reducing the
contrast with long sleep duration compared to studies using shorter reference durations (e.g., 6 h in the Japanese
community residents study?).

The biological mechanisms linking short nocturnal sleep duration and CIMT in patients with T2DM remain
unclear. Studies have shown that short sleep duration is associated with obesity®®, hypertension®’, dyslipidemia’,
and poor glycemic control®, which are all traditional risk factors for atherosclerosis. Therefore, these factors may
mediate the relationship between short sleep duration and CIMT. However, even after adjusting for these factors,
persistent short sleep duration remained significantly associated with CIMT. This suggests that the relationship
between short sleep duration and CIMT may be partially explained by these traditional atherosclerosis risk
factors. Short sleep duration may also impact CITM through other pathways. Researches have indicated that
short sleep duration can lead to chronic, system low-grade inflammation?’, impair endothelial function®42,
and increased nocturnal catecholamine concentrations*®. Additionally, there is evidence suggesting that sleep
deprivation can lead to significant metabolic and neuroendocrine alterations, including elevated evening
cortisol and thyrotropin levels*!. These physiological mechanisms, not assessed in the present study, warrant
consideration in future research.

A key strength of this study is the use of GBTM to identify persistent sleep duration patterns in T2DM
patients based on repeated measurements. Although sleep duration remained relatively stable within groups,
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\ OR (95% CI) | Pvalue

Model 1

Moderate | 1

Short 2.78 (1.10,7.02) | 0.030
Long 1.75 (0.76, 3.99) | 0.187
Model 2

Moderate | 1

Short 2.84(1.10,7.32) | 0.031
Long 1.86 (0.80, 4.34) | 0.150
Model 3

Moderate | 1

Short 3.03 (1.15,7.98) | 0.025
Long 1.78 (0.74, 4.26) | 0.197

Table 3. Adjusted association of nocturnal sleep duration trajectories with carotid intima-media thickness.
Model 1, adjusted for age, sex; Model 2, adjusted for age, sex, education, BMI, physical activity, current
smoking, current alcohol drinking; Model 3, adjusted for age, sex, education, BMI, physical activity, current
smoking, current alcohol drinking, hypertension, hyperlipidemia, HbAlc. OR, odds ratios; CI, confidence
interval;

these repeated assessments confirmed the consistency of habitual sleep behavior in this population, enhancing
the reliability of our classifications and highlighting their potential relevance to chronic outcomes like
atherosclerosis. To the best knowledge of authors, this is the first study in China to investigate the relationship
between sleep duration trajectories and CIMT among patients with T2DM. However, our study has certain
limitations. First, our analyses are cross-sectional, which limits our ability to infer the directionality or causality
of any relationship between sleep duration and CIMT. Second, this study is based on data from a single MMC
center, limiting the generalizability of its findings. Future research should consider utilizing data from all MMCs
across China to clarify the association between sleep duration and atherosclerosis. Third, the current study
did not consider the influence of other features of sleep, such as sleep regularity, efficiency, quality, and sleep-
disordered breathing, and these need to be further explored. Finally, our study did not adjust for the use of
certain medications, such as hypnotics that could influence sleep duration, as well as antidiabetic agents (e.g.,
GLP-1 receptor agonists), antihypertensives, antiplatelet and statins that could influence CIMT, due to regimen
changes over the 3-5-year period, which precluded reliable classification. Future studies with detailed, time-
updated medication data could further explore these effects?>°.

Conclusions
Our study of Chinese patients with T2DM revealed an association of persistent short sleep duration with elevated
CIMT. Further longitudinal study is warranted to fully elucidate this topic.

Data availability
The dataset will be available upon request unless there are legal or ethical reasons for not doing so. Study data are
available on reasonable request to the corresponding author.
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