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Abstract

BACKGROUND

Poor sleep quality is a common clinical feature in patients with type 2 diabetes
mellitus (T2DM), and often negatively related with glycemic control. Cognitive
behavioral therapy (CBT) may improve sleep quality and reduce blood sugar
levels in patients with T2DM. However, it is not entirely clear whether CBT
delivered by general practitioners is effective for poor sleep quality in T2DM
patients in community settings.

AIM
To test the effect of CBT delivered by general practitioners in improving sleep
quality and reducing glycemic levels in patients with T2DM in community.

METHODS

A cluster randomized controlled trial was conducted from September 2018 to
October 2019 in communities of China. Overall 1033 persons with T2DM and poor
sleep quality received CBT plus usual care or usual care. Glycosylated
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hemoglobin Alc (HbAlc) and sleep quality [Pittsburgh Sleep Quality Index
(PSQI)] were assessed. Repeated measures analysis of variance and generalized
linear mixed effects models were used to estimate the intervention effects on
hemoglobin Alc and sleep quality.

RESULTS

The CBT group had 0.64, 0.50, and 0.9 lower PSQI scores than the control group at
2 mo, 6 mo, and 12 mo, respectively. The CBT group showed 0.17 and 0.43 lower
HbAlc values than the control group at 6 mo and 12 mo. The intervention on
mean AHbAIc values was significant at 12 mo (t = 3.68, P < 0.01) and that mean
APSQI scores were closely related to AHbAlc values (t = 7.02, P < 0.01). Intention-
to-treat analysis for primary and secondary outcomes showed identical results
with completed samples. No adverse events were reported.

CONCLUSION

CBT delivered by general practitioners, as an effective and practical method,
could reduce glycemic levels and improve sleep quality for patients with T2DM in
community.

Key Words: Cognitive behavior therapy; Glycemia; Sleep quality; Type 2 diabetes
mellitus; Intervention; Community-based randomized controlled trial

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Cognitive behavior therapy is recommended as the preferential intervention
for insomnia. Cognitive behavior therapy could reduce hemoglobin Alc values at 6 mo
and 12 mo following improved subjective sleep disturbance of patients with type 2
diabetes mellitus in the community-based randomized controlled trial. Cognitive
behavior therapy should be included in the comprehensive management of diabetes and
applied in community by general practitioners.

Citation: Zhang HZ, Zhang P, Chang GQ, Xiang QY, Cao H, Zhou JY, Dong ZM, Qiao C, Xu
CR, Qin Y, Lou PA. Effectiveness of cognitive behavior therapy for sleep disturbance and
glycemic control in persons with type 2 diabetes mellitus: A community-based randomized
controlled trial in China. World J Diabetes 2021; 12(3): 292-305

URL: https://www.wjgnet.com/1948-9358/full/v12/i3/292.htm

DOI: https://dx.doi.org/10.4239/wjd.v12.i3.292

INTRODUCTION

Diabetes is a major global public health problem. By 2040, an estimated 640 million
people will suffer from diabetes mellitus globally™. China has above 100 million
people with diabetes, and more than any other countries’’. Owing to worry about
uncontrolled glycemia and possible diabetic complications, etc., more than one-third of
patients with type 2 diabetes mellitus (T2DM) experience subjective sleep
disturbances!’. Studies have shown that poor sleep quality is associated with higher
glucose levels in diabetic patients”. Therefore, in theory, improvement of sleep
quality in persons with T2DM may help to reduce glycemic levels!®l.

Cognitive behavioral therapy (CBT) is a psychosocial intervention approach in
which behavioral change is initiated by a therapist helping patients to confront and
modify the irrational thoughts and beliefs that are most likely at the root of their
maladaptive behaviors’. CBT is recommended as the first-line treatment for
insomnia®', and many studies have demonstrated its effect in improving sleep
quality and reducing related sleep disorders!"-’l. There is also evidence that CBT
improves sleep quality and reduces blood sugar levels in patients with T2DM!".
However, most CBT studies have used relatively small sample sizes or have used
websites through which patients receive online CBT from experts!'”'>""], rather than
receiving face-to-face therapy from general practitioners in community settings. It is
not entirely clear whether CBT delivered by general practitioners is effective for poor
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sleep quality in T2DM patients in community settings. Therefore, we conducted a
community-based cluster randomized controlled trial to examine the effectiveness of
CBT delivered for individuals with T2DM and comorbid sleep disturbances by general
practitioners from September 2018 to October 2019 in Xuzhou City, China. We
hypothesized that participants who received CBT would show better sleep quality at 2
mo, 6 mo, and 12 mo post-intervention than at the beginning of the intervention. We
also predicted that the intervention would reduce glycemic levels at these time points.

MATERIALS AND METHODS
Study design and participants

This community-based cluster randomized controlled trial involving two groups of
adults with T2DM were conducted from September 2018 to October 2019 in Xuzhou
City. This area is in northern Jiangsu Province, eastern China, and is moderately well
developed with a population of 10000000 across 3980 villages/communities. There are
no geographical differences among these communities. Community health service
centers are the sole health care units in each community.

In this study, 44 eligible clusters (villages/communities) were randomly assigned to
receive CBT plus usual care intervention (CBT group) or usual care intervention [usual
care (UC) group] with a 1:1 parallel design. A random number table is used to assign
clusters to CBT or UC conditions at the individual level. The baseline survey was
implemented from May to July 2018. All data collection was completed in August
2018.

Participants with T2DM and comorbid poor sleep quality were invited to participate
in the study. The inclusion criteria were T2DM diagnosed at least 6 mo before
recruitment, poor sleep quality, and normal cognitive function. Participants received
face-to-face questionnaire interviews and questionnaire assessment in the same health
care centers for both baseline and follow-up surveys.

The exclusion criteria were shift work, other sleep disorders [such as obstructive
sleep apnea (OSA), treated or untreated], harmful or hazardous alcohol use, having a
medically unstable condition (e.g., cancer, stroke, cardiovascular disease, chronic
obstructive pulmonary disease, and severe psychosis), receiving treatment for sleep
problems, receiving psychological treatment, and sleep surroundings that interfered
with regular night-time sleep patterns. Other exclusion criteria were unwillingness to
participate in the study, inability to regularly attend sessions (being absent for more
than two sessions), and experiencing severe crisis and stress before the study.

There are no cultural and belief differences among participants who were of Han
ancestry with the same dietary habits. The guideline of Consolidated Standards of
Reporting Trials extension for cluster trials (CONSORT) was followed! . The current
study was conducted under protocols approved by Xuzhou Center for Disease Control
and Prevention and the Xuzhou of Medical Sciences Ethics Committee (Approval No.
20151210). Written informed consent was obtained from all participants. The trial was
registered in the Chinese Clinical Trials Registry on March 3, 2016 (reference: ChiCTR-
IOP-16008045) and implemented according to the 2000 revised version of the Helsinki
Declaration. Participants were lost to follow-up if we could not contact them or if they
moved to another location, withdrew consent, refused to proceed, had invalid data, or
were unable to complete the study.

Intervention

Usual care (all participants): UC is a basic public health service requirement and was
provided for T2DM patients by health care service general practitioners. Every 3 mo,
general practitioners conducted a face-to-face visit in which they recorded the
participant’s status; provided advice on diet, medication, and exercise; and monitored
blood sugar. If the fasting blood sugar levels were > 7.0 mmol/L, the general
practitioners followed the patient once during the next 2 wk. If the fasting blood sugar
levels were still > 7.0 mmol/L, the general practitioners advised the patient to transfer
to a higher level or specialized hospital for further treatment. After 2 wk, the general
practitioners visited the patient again. The control group was only given UC by
general practitioners.

CBT

Trained general practitioners: A total of 67 general practitioners from 22 health care
centers attended a 2-d CBT training session for the intervention group. The training
contents were adapted from previous studies!"™"", which comprised six sessions with
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40-50 min of lectures and 10-15 min of discussions for six consecutive days within the
first week. The six sessions included: (1) General information about type 2 diabetes
management, the importance of sleep in type 2 diabetes management, and the benefits
of CBT; (2) The importance and process of normal sleep; potential sleep barriers and
difficulties of having diabetes; and the effect of environment and lifestyle factors on
sleep, such as good light and ventilation in bedrooms and diet regulation; (3)
Behavioral therapy, which included methods of establishing healthy sleeping habits,
improving sleep quality, and reducing periods of waking; (4) Relaxation training (e.g.,
breathing techniques, progressive muscle relaxation, and mindfulness relaxation) and
strategies to regulate emotions (e.g., self-improvement, and learning to give, to
understand other people, to discriminate, to be self-possessed, to cherish, to use
initiative, and to rest); (5) Learning strategies to cope with stress (e.g., physical fitness
activities or relaxation activities, prayer or meditation, listening to classical music,
watching a comedy movie, participating in social activities, and taking part in
voluntary work); and (6) Communication with the doctor about problems with
diagnosis, treatment, and follow-up during the study. Each general practitioner was
administered a closed text examination at the end of each session.

Implementation of the CBT program for participants

All patients of the intervention group were asked to participate in the lectures. Every
day in the first week, trained general practitioners gave participants a 40-50 min
lecture followed by a 10-15 min discussion session.

The general practitioners reviewed all the discussed themes, received participant
feedback about the course, were engaged in question-and-answer sessions, facilitated
group discussions about the study and its conclusions, and tried to prevent the
recurrence of poor sleep patterns. Subsequently, participants received two lectures
plus discussion sessions each week for 6 wk. A member of our study group attended
the lecture in the first week; after the class, they commented on the lectures and
received questions from participants. A member of our study group also offered
individual counseling after class. Participants were asked to establish routines
comprising periods of activity and rest and a regular relaxing bedtime routine. General
practitioners were encouraged to use CBT to help patients at the next follow-up when
all sessions had been completed.

Outcomes

The endpoints were the last follow-up results of each participant. The primary
outcome was hemoglobin Alc (HbAlc) levels at 2 mo, 6 mo, and 12 mo, measured
using high-performance liquid chromatography (Bio-Rad D-10, glycated hemoglobin
meter). Glycemic level is expressed as mean HbAlc value + SD. The change in HbAlc
value (AHbAlc value) is the difference between the mean HbA1C value at baseline
and the mean HbA1lc value after 12 mo.

The secondary outcome was sleep quality, measured using the Pittsburgh Sleep
Quality Index (PSQI)!"\. The PSQI contains 19 items on seven dimensions. The global
PSQI score is thus 0-21; higher scores indicate worse sleep quality. In the Chinese
version of the PSQ)I, a score > 7 differentiates poor sleepers from good sleepers’. The
change in sleep quality mean score (APSQI score) is the difference between the mean
score at baseline and the mean score after 12 mo.

Other demographic and clinical variables

We measured background participant characteristics, disease history, smoking,
drinking, and anxiety/depression. Alcohol use was assessed using the Alcohol Use
Disorders Identification Test™]. Total scores are summed scores of ten items assessing
the frequency and amount of alcohol use and symptoms of dependence. Scores > 20
indicate harmful and hazardous levels of alcohol use that require treatment”l. OSA
was measured using the STOP-Bang questionnaire, and participants were defined as
having OSA if they scored > 3. We assessed depression symptoms using the Patient
Health Questionnaire-9 (PHQ-9), a nine-item scale with a 0-27 score range!. Anxiety
symptoms were measured using the validated seven-item General Anxiety Disorder
questionnaire (GAD-7; total score range 0-21)%.

Simple size

More than 240000 patients with T2DM were registered in all communities of Xuzhou
City, an average number of 60 patients per community. Based on the principles of a
cluster randomization design, and considering 90% power, a two-sided type I error of
5%, an intracluster correlation coefficient of 0.10, and a rate of loss to follow-up of 15%,
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17 communities and a minimum of 501 T2DM patients with poor sleep quality in each
intervention or control group (29 participants from each community) were needed to
detect a 0.45% relative reduction in the levels of HbAlc between the two groups™!.

To ensure that enough patients with poor sleep quality were selected, based on the
approximately 30% prevalence of poor sleep quality in T2DM patients™”’, over 60% of
the study communities that we selected contained > 60 registered T2DM patients.
Based on the registered numbers in each community, we selected 2156 participants
from 28 communities with > 60 registered patients, and 766 patients from 16
communities with < 60 registered patients.

Randomization and masking

After participants’ sleep quality was assessed, the 44 communities were sorted in
descending order according to the number of participants with poor sleep quality by a
research statistician who had no connection with the participants. Then, using a
random number table, communities were randomly assigned (1:1) to either the CBT
(intervention) group or the UC (control) group by one of the corresponding authors.
The general practitioners arranged all participants for study intervention
appointments. All assessments were conducted at community health service stations.
The chief investigators and statisticians were masked to the group allocation.

Statistical analysis

We used EpiData 3.1 (The EpiData Association, Odense, Denmark) to input and
manage the data. Continuous variables are presented as the mean * SD and were
analyzed using parametric or nonparametric tests, depending on whether the data
were normally distributed. Categorical variables are presented as percentages and
were analyzed using chi-square tests. Between-group differences in continuous and
categorical variables at baseline were analyzed using t-tests and y” tests, respectively.
Repeated measures analysis of variance was used to examine within-group variation
before and after the intervention (time X group interaction effect).

Generalized linear mixed models (GLMMs) were used to estimate the effects of the
intervention on the outcome variables. The models included two levels: Group
membership and participants. The fixed parts of the models included the between-
group comparisons for the pretreatment variables. Age, sex, and comorbidity were
considered important variables and were included as covariates in all GLMMs. Other
potentially confounding variables were also included as covariates in all GLMMs.

Intention-to-treat analysis was performed using the last PSQI and HbAlc
assessments for the non-completers. All analyses were performed using Statistic
Package for Social Science Statistics version 23.0 (Statistic Package for Social Science,
Chicago, IL, United States), and the minimum statistical significance level was P <
0.05.

RESULTS
Setting

The two groups came from 44 communities and were similar in cluster and individual
levels at baseline (Table 1). The number of groups for each community had not
changed at 2 mo, 6 mo, and 12 mo in the CBT and UC groups. The number of group
participants and general practitioners in each community were also similar between
groups at the group level at these time points (Table 1).

Study population

Figure 1 shows the CONSORT extension for cluster trial diagram of participant flow.
In a word, 574 participants from 22 different communities were randomly allocated to
receive CBT plus UC, and 568 participants from 22 different communities were
randomly allocated to receive UC, with no significant differences in general
characteristics between the two groups at baseline. The survey was started on
September 1, 2018 and completed on October 31, 2019. Complete data for 1033
participants were included in the analysis, and 109 non-completers (47 and 62 in the
intervention and control group, respectively) were omitted for attrition after 12-mo
follow-up. The general characteristics did not differ significantly between the two
groups of completers at baseline, 2 mo, and 6 mo in the individual level (Table 2),
however, the GAD-7 scores and PHQ-9 scores were lower in the CBT group than in the
UC group. No participants reported receiving treatment for sleep problems during the
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Table 1 Comparison of cluster levels between the intervention and control groups at baseline, 6 mo, and 12 mo

. Baseline 2mo 6mo 12 mo
Variable CBT Control x*tvalue Pvalue CBT Control x%tvalue Pvalue CBT Control x*tvalue Pvalue CBT Control x*tvalue P value
Cluster level (group)
Number of groups 22 22 2 2 2 2 2 2

Number of participants

10 6 10 1.62 0.45 7 11 1.58 0.45 13 14 1.348 0.51 18 20 0.77 0.38
20 10 7 9 6 7 5 4 2
30 6 5 6 5 1 3 0 0

Number of follow-up general practitioners in each community

<5 6 7 0.55 0.76 6 7 0.55 0.76 6 7 0.553 0.758 6 7 0.55 0.76
6-10 15 13 15 13 15 13 15 13
10-15 1 2 1 2 1 2 1 2

CBT: Cognitive behavioral therapy.

12-mo follow-up.

The results of the attrition analyses showed that the rates of female patients, those
with smoking and drinking, and those with low education level among non-
completers were higher in the UC group than in the CBT group (Table 3). Compared
with completers, non-completers in both the CBT and UC groups were less educated
and more likely to be male, smokers and drinkers, and insulin users (Table 3).

Post-intervention changes in sleep quality in the two groups

The CBT group maintained better sleep quality compared with the UC group (F =
12.75, P < 0.001). The main effects for time were significant (F = 13.61, P < 0.001),
indicating the time of treatment continuation to 12 mo. The interaction effect was
significant (F = 11.97, P < 0.001), indicating that the effects for time were significantly
different between the CBT and UC groups (Table 4).

The GLMMs showed that the effect of the intervention on PSQI scores remained
significant at 2 mo (t = 3.93, P < 0.01), 6 mo (¢ = 3.03, P = 0.002), and 12 mo (t =5.77, P <
0.01). The CBT group had a 0.64 lower PSQI score than the control group at 2 mo [95%
confidence interval (CI): 0.32-0.96, P < 0.01], 0.50 lower PSQI score at 6 mo (95%CI:
0.18-0.82, P = 0.002), and 0.90 lower PSQI score at 12 mo (95%CI: 0.60-1.21, P < 0.01).

The CBT group maintained superior glycemic control compared with the
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Table 2 Comparison of baseline characteristics of the intervention and control groups at baseline, 2 mo, 6 mo, and 12 mo

Baseline 2mo 6 mo 12 mo
Variable

CBT Control  y*/tvalue Pvalue CBT Control  y*/tvalue Pvalue CBT Control  x*tvalue Pvalue CBT Control  x*tvalue P value
Participant number 568 574 550 559 541 549 506 527
Gender (female)
Female 370 383 0.32 0.57 362 376 0.26 0.61 356 370 031 0.58 335 367 1.40 0.24
Age (mean + SD) 61.58+9.17 61.83+£8.64 -0.46 0.65 61.75+9.12 6210+8.86 -0.64 0.52 6248 +9.14 6275+871 -0.50 0.62 62.87 £9.25 62.74+8.87 023 0.82
Educational level
High school and above 53 56 0.42 0.81 51 56 0.38 0.83 47 56 1.09 0.58 41 50 1.00 0.61
Junior high school 240 251 234 243 231 240 208 223
High school and above 275 267 265 260 263 253 257 254
Hypertension 287 287 0.03 0.86 276 278 0.02 0.88 270 272 0.01 0.91 252 262 0.00 0.98
Comorbidities 109 118 0.34 0.56 109 114 0.06 0.81 107 110 0.01 0.92 91 110 1.37 0.24
BMI 2477+415 25204494 -1.60 0.11 2499 +448 2500+4.94 -0.06 0.96 2471+4.09 2522+501 -1.84 0.07 2476 +4.00 2528+502 -1.84 0.07
Drinking 55 66 0.99 0.32 55 65 0.76 0.38 54 64 0.79 0.37 46 49 0.01 0.91
Smoking 80 92 0.84 0.36 79 88 0.41 0.52 76 86 0.56 0.45 64 69 0.05 0.83
Course of the disease (yr) 507+525 521+491 056 0.64 520+506 541+536 -0.66 0.51 553+521 5.66+476 -043 0.67 6.03+528 620+4.68 -0.52 0.60
Medication
Oral hypoglycemic agents 491 483 1.56 0.46 476 470 1.76 0.42 472 465 1.72 0.42 448 444 5.96 0.05
Insulin 45 49 4 46 39 44 37 43
Oral hypoglycemic agents plus insulin 32 42 32 43 30 40 21 40
GAD-7 score 756+520 7.58+525 -0.04 0.97 747+523 7224548 076 0.45 753+565 714593 1.10 0.27 714+568 634+556 227 0.02
PHQ-9 score 7134553 694547 059 0.55 7234536 7.00+502 0.73 0.46 721+548 674+521 144 0.15 7204545 610497 339 0.00

Data presented as n or the mean + SD. CBT: Cognitive behavioral therapy; BMI: Body mass index; GAD-7: General anxiety disorder; PHQ-9: Patient health questionnaire-9.

CONTROL group (F = 16.60, P < 0.001). The interaction effect was significant (F = 7.02,
P <0.001), indicating that the effects for time were significantly different between the
CBT and UC groups (Table 3).

The GLMMs showed that the effect of the intervention on HbAlc values was not
significant at 2 mo (t = 0.03, P = 0.98). The effect of the intervention on HbAlc values
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Table 3 Baseline characteristics between the completers and non-completers

Lost to follow-up

Variable Completers  |ntervention Control Xxtvalue P value
e T Xitvalue Pvalue Total

Participant number 1142 62 47 —— -— 109 —-— ——

Gender (Female) 753 35 16 5.39 0.02 51 15.88 <0.01

Age 62.44 (9.02) 62.95 (7.74) 62.23 (8.51) 0.46 0.65 62.64 (8.05) -0.22 0.82

Educational level

High school and above 109 12 6 1.03 0.60 18 15.9 <0.01

Junior high school 491 32 28 60

Elementary school and below 542 18 13 31

Hypertension 574 35 25 0.11 0.74 60 0.91 0.34

Comorbidities 227 18 8 212 0.15 26 0.75 0.32

BMI 25.02 (4.17) 24.77 (4.53) 24.43 (4.73) 0.75 0.46 24.62 (4.83) 0.94 0.35

Drinking 121 9 17 6.9 0.009 26 16.87 <0.001

Smoking 172 16 23 6.22 0.01 39 30.46 <0.001

Course of the disease (yr) 6.12 (4.98) 5.22 (4.53) 6.14 (5.17) -1.001 0.32 5.62 (4.81) 1.004 0.32

Medication

Oral hypoglycemic agents 974 43 39 4.74 0.09 82 7.89 0.019

Insulin 94 8 6 14

Oral hypoglycemic agents 74 11 2 13

plus insulin

GAD-7 score 6.75 (6.64) 7.31 (4.64) 7.53 (5.94) -0.22 0.82 740 (5.22) -0.99 0.32

PHQ-9 score 6.63 (5.24) 7.81 (5.39) 6.30 (4.94) 0.78 0.44 6.74(519) -0.21 0.83

PSQI score 9.45 (2.55) 9.83 (2.73) 9.51 (2.54) 0.64 0.52 9.35(2.63) 039 0.70

HbA1lc value 7.36 (1.14) 7.20 (1.31) 7.39 (1.45) -0.7 0.48 7.28 (1.36)  0.69 0.49

Data presented as n or the mean (SD). BMI: Body mass index; GAD-7: General anxiety disorder; PHQ-9: Patient health questionnaire-9; PSQI: Pittsburgh
Sleep Quality Index; HbAlc: Glycosylated hemoglobin.

Table 4 Comparison of Pittsburgh Sleep Quality Index scores and glycosylated hemoglobin values between the intervention and

control groups

. Baseline 2mo 6 mo 12 mo Significance level
Variable CBT uc CBT uc CBT uc CBT uc Condition Time Interaction
PSQlscore  10.07 (2.38) 10.04 (2.37) 9.35(279) 9.99(241) 9.42(2.75) 9.92(2.54) 9.01(2.67) 9.91(234) <0.001 <0.001 <0.001
HbAlcvalue 7.44(1.12) 7.50(1.13) 7.46(1.10) 7.50(115) 7.27(1.18) 7.44(1.20) 7.22(1.14) 7.52(1.12) <0.001 0001  <0.001

Data presented as the mean (SD). PSQI: Pittsburgh Sleep Quality Index; HbAlc: Glycosylated hemoglobin; CBT: Cognitive behavioral therapy.

was significant between the two groups at 6 mo (t = 2.31, P = 0.02) and at 12 mo (¢t =
6.11, P < 0.01). The CBT group had a 0.17 lower HbAlc value than the control group at
6 mo (95%CI: 0.02-0.31, P = 0.02), and 0.43 lower HbAlc value than at 12 mo (95%CI:
0.30-0.57, P < 0.01).

Association between mean AHbAIc values and mean APSQI scores

The GLMMs showed that the effect of the intervention on mean AHbAIc values was
significant at 12 mo (¢t = 3.68, P < 0.01) and that mean APSQI scores were closely
related to AHbAIc values (t = 7.02, P < 0.01). For each increase of 1 score on APSQI
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2922 samples registered in 44 communities

Enrollment

Y

Excluded (7 = 1751)

1 Another sleep disorders (7 = 281)

2 Harmful or hazardous alcohol user (7 = 11)
3 Medically unstable condition: (7 = 88)

4 Eevaluated life expectancy < 1 year (7 = 49)
5 New diagnosed type 2 diabetes (7 = 34)

6 Receiving psychological treatment (7 = 9)

7 Mandatory wake up regularly at night (7 = 5)
8 Sleep surroundings were affected (7 = 1)

9 PSQI scores < 7 (n = 1273)

Assessed for eligibility (7 = 1171) in 44
communities

Y

Excluded (7 = 29)
»| Declined to participate (7 = 29)
Other reasons (7 = 0)

Randomized (7 = 1142) 44 communities

Allocation

Allocated to intervention

22 communities (7 = 574)

Received allocated to intervention (7 = 574)
Did not receive allocated to intervention (7 = 0)

A 4

Allocated to control

22 communities (7 = 568)

Received allocated to intervention (7 = 568)
Did not receive allocated to intervention (7 = 0)

Y

Lost to follow-up (7 = 46)
Discontinued intervention (7 = 12)
Other reasons: (n = 4)

Follow-up
Lost to follow-up (7 = 40)
Discontinued intervention (7 = 4)
Other reasons: (7 = 3)

Analysis

Analysed (7 = 527)
Excluded from analysis (7 = 47)

y

Analysed (7 = 506)
Excluded from analysis (7 = 62)

Figure 1 Consolidated standards of reporting trials flow diagram of participants.

scores, the AHbAIc values increased 0.11.

Intention-to-treat analysis
All participants who completed the assessment were included to perform the
intention-to-treat analyses, and the results agreed with the completer sample analysis
(Table 5). The GLMMs showed that the effect of the intervention on mean AHbAlc
values was significant at 12 mo (¢ = 2.61, P < 0.01) and that mean APSQI scores were
closely related to AHbAIc values (t = 7.41, P < 0.01). For each increase of 1 score on
APSQI scores, the AHbAIc values increased 0.10.

Adverse events

None of adverse events that were related to the study procedures or intervention

occurred.
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Table 5 Results of intention-to-treat analysis for primary and secondary outcomes

Baseline 2mo 6 mo 12 mo Significance level
Variable

CBT Control CBT Control CBT Control CBT Control  Condition Time Interaction
PSQIscore  10.07 (238) 10.04 (2.37) 936 (2.77) 9.92 (2.44) 9.45(2.75) 9.95(259) 9.07 (2.69) 9.94(2.40) < 0.001 <0.001 <0.001
HbAlcvalue 7.44(112) 750 (111) 7.46(1.10) 749 (1.15) 7.27 (1.18) 7.44(120) 7.23(117) 7.61(1.16) <0.001 0.028  <0.001

Data presented as the mean (SD). PSQI: Pittsburgh Sleep Quality Index; HbAlc: Glycosylated hemoglobin; CBT: Cognitive behavioral therapy.

DISCUSSION

This community-based randomized controlled trial first evaluated the effect of group
CBT on sleep quality in patients with T2DM in China. The findings indicated that
group CBT intervention improved sleep quality. The mean sleep quality scores in the
CBT group were significantly lower at 2 mo, 6 mo, and 12 mo post-intervention than in
the UC group. The HbAlc values were reduced at 6 mo and 12 mo following the
improving sleep quality, but not at 2 mo. Moreover, HbAlc levels were affected by
changes in sleep quality, and were closely associated with changes in PSQI scores.
However, the reduction of HbAlc values did not follow with the improvement of
sleep quality at 2 mo.

Our results showed that CBT improved sleep quality, consistent with previous
study findings!'*'**. CBT had not only a short-term (2 mo) but also a medium and
long-term (6 and 12 mo) lasting in improving sleep quality in patients with T2DM. But
the PSQI scores in our study decreased less than that in other studies”*l. Differences
in diseases and intervention schedules may explain these contrasting findings.

Our findings suggest that poor sleep quality is independently associated with
changes in HbAlc. Higher PSQI scores are associated with higher HbAlc values. Poor
sleep quality may affect HbAlc by increasing insulin resistance and leading to
isletPcell dysfunction’'l. Diabetes causes secondary physiological and pathological
changes in various tissues and organs, leading to a decline in sleep quality and a
significant decline in quality of life. Complications of diabetes may lead to sleep
disorders such as restless leg syndrome, nocturia, and hypoglycemic awakening. In
summary, poor sleep quality increases HbAlc values and HbAlc fluctuation.
Improvement of sleep quality contributes to the improvement in HbAlc values.
Carroll et al* have reported that improvements in sleep quality resulting from CBT
can reduce HbAlc levels in older adults with insomnia. Another study also found that
CBT can reduce HbAlc levels of adults with uncontrolled type 2 diabetes!?. The
results of the current study are consistent with these previous findings. However, we
recruited patients with T2DM and poor sleep quality from communities, so our data
are perhaps more representative of the real world. Our findings suggest that CBT for
poor sleep quality is effective in improving long-term glycemic control. A possible
mechanism is that CBT improves slow-wave sleep™, which might be beneficial for
daytime glucose control™ . In addition, good sleep quality may help to reduce the
intake of fat, carbohydrates, and free sugars™, and a better lifestyle may further
reduce B-cell damage and decrease glycemic levels!”. Another possible reason for the
maintenance of the effect is that general practitioners in our study were encouraged to
use CBT to help patients at the next follow-up when all sessions were completed. At 6
mo and 12 mo post-intervention assessment, participants who received CBT had
HbAlc values that were 0.17% and 0.43% lower than control group participants,
indicating that better sleep quality can decrease blood sugar levels. Although there
was a significant improvement in sleep quality after 2 mo, there was no change in
HbAlc values, which may be due to the fact that HbAlc values reflected the mean
value of blood glucose in the period of 90-120 d. Previous studies have shown that
an improvement in sleep quality is associated with reduced depression in people with
T2DM™. We found that GAD-7 and PHQ-9 scores decreased after the CBT
intervention. However, the relationships among HbAlc values, anxiety and
depression, and sleep quality need to be studied further.

Most of the time, patients with diabetes are managed by the general practitioner in
the community. The present results show that CBT can be delivered by general
practitioners in the communities for poor sleep quality of patients with T2DM, which
provides an example for managing sleep disturbances of patients with diabetes in
communities. However, there are several reasons why there are difficulties in using
CBT to treat sleep disturbances in China. First, many clinicians do not consider poor
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sleep as a health problem. Second, many patients would feel uncomfortable in terms of
receiving a “psychological” intervention!"’l. In addition, the numbers of psychiatrists
are limited. Community-based health services in China cannot provide sophisticated,
individual-based psychological services to individuals owing to the lack of psychiatric
health care providers!*!. Therefore, there is an urgent need for CBT training for general
practitioners at community-based health services to further help manage sleep
problems in T2DM patients in China.

This is the first study to assess the effect of CBT on sleep quality in patients with
T2DM in China using a community-based, cluster randomized controlled design.
However, some limitations should be addressed. First, we used self-report
questionnaires to assess sleep quality, which can lead to response bias. Second, the
trained general medical practitioners who delivered the CBT intervention used their
additional professional skills in daily follow-ups, which might have improved
glycemic control in the CBT intervention group. Third, participants were drawn from a
limited area, so caution is needed before generalizing from these results.

CONCLUSION

In summary, general practitioners can learn and use CBT in communities. CBT reduces
glycemic level with the improvement of sleep quality, which suggests that better sleep
quality may be associated with better glycemic control in patients with T2DM. The rate
of poor sleep quality is as high as 33.6% in T2DM patients and only 49.2% of T2DM
patients treated in China have adequate glycemic control®*1. Therefore, compre-
hensive strategies are needed to improve sleep quality and reduce glycemic levels in
diabetic patients in China.

ARTICLE HIGHLIGHTS

Research background

Poor sleep quality is a common clinical feature in patients with type 2 diabetes
mellitus (T2DM), and often negatively related with glycemic control. Cognitive
behavioral therapy (CBT) may improve sleep quality and reduces blood sugar levels in
patients with T2DM.

Research motivation
It is not entirely clear whether CBT delivered by general practitioners is effective for
poor sleep quality in T2DM patients in community settings.

Research objectives
To test the effect of CBT delivered by general practitioners in improving sleep quality
and reducing glycemic levels in patients with T2DM in community.

Research methods

Repeated measures analysis of variance and generalized linear mixed effects models
were used to estimate the intervention effects on hemoglobin Alc and sleep quality in
this cluster randomized controlled trial.

Research results

CBT could improve subjective sleep disturbance of patients with T2DM at 2 mo, 6 mo,
and 12 mo in the community-based randomized controlled trial. CBT could reduce
hemoglobin Alc values at 6 mo and 12 mo following improved subjective sleep
disturbance of patients with T2DM in the community-based randomized controlled
trial.

Research conclusions
CBT should be included in the comprehensive management of diabetes and applied in
community by general practitioners.

Research perspectives
There is an urgent need for CBT training for general practitioners at community-based
health services to further help manage sleep problems in type 2 diabetes patients in
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China.
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