Dong et al. BioPsychoSocial Medicine (2023) 17:18 BiOPS)/ChOSOCiEi' Medicine
https://doi.org/10.1186/s13030-023-00274-5

REVIEW Open Access

. ®
The short- and long-term effects of cognitive s

behavioral therapy on the glycemic control
of diabetic patients: a systematic review
and meta-analysis

Na Dong''®, Xiaowei Wang?'® and Liu Yang®

Abstract

Background Glycemic control is an important issue in the treatment of diabetic patients. However, traditional
methods, such as medication (the usual treatment), have limitations. Cognitive behavioral therapy (CBT) might be a
useful option to help control the glycemic condition. The effects can be revealed by systemic review or meta-analysis
of randomized clinical trials (RCT).

Methods A systematic search and a meta-analysis for the RCT were done of the short- and long-term effects of CBT
on the glycemic control of diabetic patients in a comparison with the usual treatment. Nineteen RCT studies and
3,885 diabetic patients were enrolled in this meta-analysis. Subgroup analyses of types 1 and 2 diabetes and individ-
ual and group CBT were also performed.

Results Patients treated with CBT showed no significant difference in HoA1c when compared to the usual treat-
ment within six months. However, CBT was more effective in reducing HbA1c when compared to usual treatment
with at least six months of treatment duration [standardized mean difference: -0.44 (95% confidence interval (Cl):
-0.63 ~-0.25), Z=4.49]. Subgroup analysis of type 1 and 2 diabetic patients supported a long-term effect of CBT on
glycemic control [standardized mean difference: -0.85 (95% Cl: -1.19~-0.10), Z= 2.23, standardized mean difference:
-0.33 (95% Cl:-0.47 ~-0.19), Z=4.52, respectively].

Conclusions CBT would be a useful option for improving the glycemic control of diabetic patients undergoing long-
term treatment. The advantages of the long-term effects of CBT should be considered by clinicians and staff.
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Introductions

Diabetes mellitus (DM) is an important, chronic physical
illness commonly seen in clinical practice. It is associated
with physical and mental health problems, which con-
tribute to comorbidity and increase the difficulty of treat-
ment [1]. Glycated hemoglobin (HbAlc) is an important
index for glycemic control. The maintenance of an ideal
HbA1lc is helpful in decreasing the complications of DM,
such as peripheral neuropathy or nephropathy. In recent
years, even with the improvement of diabetes medica-
tions, the glycemic control rate has not reached an ideal
standard, which contributes to the microvascular and
macrovascular complications of DM [2]. Because a third
of type 2 DM patients do not achieve their target HbAlc,
[3] methods to improve glycemic control are needed in
addition to the medication treatment. Up to 50% of peo-
ple with DM have poor mental health, which should
not be neglected as a crucial comorbidity [4]. Accord-
ing to the American Diabetes Association, the standard
care for people with DM should not focus only on the
standard medication treatment. Self-management and
psychological interventions might also play a useful role
in improving glycemic control [1]. Self-regulation and
self-integration are important for people with DM to
achieve better psychological adjustment to their disease
by fostering self-growth and resilience [5] Even with the
differences in the underlying psychological mechanisms
of type 1 and 2 DM, the importance of establishing bet-
ter self-regulation and self-integration is crucial for both
subtypes. A randomized trial of people with type 2 DM
supported nurse-led motivational interventions that
improve self-management, self—efficacy, quality of life,
and glycemic control, which indicates that psychological
intervention improves glycemic control through a bidi-
rectional interaction between mind and body [6]. Diabe-
tes-related stress contributes to the psychological burden
and emotional responses of people with DM, influencing
them via psychological domains, such as cognition and
behavior [7].

From the above literature, the dysfunctional cogni-
tive and behavioral responses of people with DM are
crucial issues for improving their standard care. Cogni-
tive-behavioral therapy (CBT) is commonly used in the
treatment of dysfunctional cognitive beliefs and behav-
jors. It improves the management of DM through the
replacement of dysfunctional cognition with a self-help-
ing and realistic cognition [8]. The results of a recent
network meta-analysis of adult patients with type 1 DM
showed that CBT has potential treatment effectiveness,
even without significant treatment effects of psychologi-
cal interventions [9]. For type 2 DM, the latest network
meta-analysis showed CBT to have a high treatment
effect, even though there has been an impression of
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minimal clinical benefits for psychological interventions
[3]. However, other meta-analyses showed that CBT
might be beneficial for reducing the HbAlc and fasting
blood sugar of people with DM, [10, 11] especially for
people with DM comorbid with depression [12]. Another
meta-analysis showed that CBT-based interventions
improve glycemic control and depression symptoms with
medium to large effects in people with type 1 and 2 DM.
[13]. A previous meta-analysis reported that CBT might
have short to medium-term treatment effectiveness for
reducing HbAlc. The lack of long-term treatment effec-
tiveness might be a disadvantage of CBT for the treat-
ment of people with DM [14]. However, there may be
overlap in the primary studies, and the heterogeneity of
results could be due to differences in the methods used in
these systematic reviews. For example, several meta-ana-
lytic studies enrolled studies of DM patients with comor-
bid depression [11, 12]. One meta-analysis focused only
on patients with type 1 DM [9]. Several meta-analytic
studies surveyed both type 1 and 2 DM [10, 13, 14]. One
mixed pure DM patients and DM patients with comorbid
depression [13]. CBT content, duration and frequency,
concurrent medication treatment, and other variables
were difficult to standardize in the previous meta-ana-
lytic studies. Therefore, it will be important to conduct
meta-analyses with less bias than the enrolled studies and
a more standardized group of DM patients.

From the above literature, we found heterogeneity of
the meta-analysis results based on previous meta-ana-
lytic studies of people with DM. This study was done to
clarify and confirm the treatment duration-related treat-
ment effects of CBT on the glycemic control of people
with DM. In this systematic review and meta-analysis we
enroll only the randomized clinical trials of pure CBT for
people with DM. In addition, we clarify the short- and
long-term treatment effects of CBT for people with DM.
Finally, we perform separate subgroup analyses of type 1
and 2 DM to confirm the short- and long-term treatment
effects on glycemic control.

Methods

Inclusion criteria

To find all articles related to the effects of CBT for
patients with DM, we searched and collected prospective
RCT articles from the following databases: PubMed, Sci-
enceDirect, EmBase, Web of Science, Scopus databases,
Cumulative Index for Nursing and Allied Health Litera-
ture (CINAHL), and the Cochrane Central Register of
Controlled Trials (CENTRAL). The keywords included

» o«

“cognitive behavioral therapy’, “cognitive’, “behavioral’,

G

“diabetes’, “diabetic’, “randomized’; “clinical’} “controlled’,
“trial’, “HbA1lc’;, “glycemic control” or “outcome’; “com-

parison’, “ usual treatment” The

” o«

versus,

» o«

treatment,
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article search was limited to those published or e-pub-
lished online before July 2022. The date of our last search
of PubMed, ScienceDirect, EmBase, and Web of Science
was June 30, 2022. The date of our last search of Scopus
databases, CINAHL, and CENTRAL was June 29, 2022.

The inclusion criteria were (1) Comparisons between
CBT and usual treatment for diabetic patients. (2) Stud-
ies with an outcome of glycemic control and specific for
HbAlc. (3) Studies with detailed data on the outcome
of glycemic control and with data specific for HbAlc.
(4) Clinical trials with a randomized design. (5) Articles
written in English that were published in the journals
of the science citation index database. All authors (DN,
WX, and YL) participated the study and DN and WX
performed the article selection process according to the
inclusion criteria.

Risk of bias assessment

The Cochrane Handbook for Systematic Reviews and
Interventions gave us the direction to conduct the cur-
rent meta-analysis [15]. The risk of bias was evaluated
by the following dimensions: bias arising from the rand-
omization process, bias due to deviations from intended
interventions, bias due to missing outcome data, bias in
measurement of the outcome, and bias in selection of the
reported result [16]. The results are reported according
to the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) guidelines [17].

Extraction and critical appraisal of data

The data from the enrolled articles was collected by DN
and WX. First, the baseline HbAlc of diabetic patients
in the CBT and usual treatment groups. Second, the
short-term (less than 6 months) endpoint HbAlc after
CBT or usual treatment. Third, the long-term (more than
6 months) endpoint HbAlc after CBT or usual treat-
ment. The rationale for our classification of short- and
long-term was that we aimed to find the treatment dura-
tion-related effects of CBT on the HbAlc of people with
DM. Fourth, the short- and long-term endpoint HbAlc
of the CBT and usual treatment groups of patients with
different subtypes of diabetes (types 1 and 2 diabetes).
DN and WX assessed the abstracts to screen the arti-
cles and independently evaluated the full text version
of the selected citations. The clinical outcome data was
independently collected from text, tables, and figures of
the enrolled articles by the two reviewers. The enrolled
articles basically had data on the short-term endpoint
HbA1lc, long-term endpoint HbAlc, or subtypes of dia-
betes in the full text content. All authors (DN, WX, and
YL) participated a collaborative review to resolve any
discrepancies and to achieve agreement (kappa=0.8)
and participated in the review of the final results. The
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GRADE (grading of recommendations, assessment,
development, and evaluation) approach was used by DX
and YL to assess the certainty of evidence.

Meta-a and statistical analysis

The current meta-analysis was analyzed using the
Cochrane Collaboration Review Manager Software
Package (Rev Man Version 5.4). The CBT and usual
treatment groups were compared to find which treat-
ment would be superior for the glycemic control of dia-
betic patients. The overall effect size of the short- and
long-term HbAlc endpoints were calculated as the
weighted average of the inverse variance for the study-
specific estimates. The weighted standardized mean dif-
ference was used to estimate numerical variables for the
continuous variables. Heterogeneity was estimated using
the x* distribution test, Higgins I? index, Cochran’s Q,
and Tau square test. The synthesized results were con-
ducted by pooling the data and using a random effects
model meta-analysis. Subgroup analyses of the subtypes
of diabetes were performed to confirm the treatment
effects of CBT or usual treatment on glycemic control.
In addition, forest plotting was done to demonstrate if
the meta-analysis would favor CBT or usual treatment
for improving the glycemic control of diabetes. Finally,
a test for overall effect was done to calculate the Z and
p-values for significance. The above meta-analysis steps
were performed by DN and YL.

Results

Characteristics of the studies enrolled

The article selection process is presented as a PRISMA
flow diagram in Fig. 1. The eligibility of the 46 screened
articles was assessed according to the content of the full
text after the article selection process: 27 were eliminated
(Fig. 1), leaving the data of 19 available for the qualitative
analysis [18—36]. The characteristics of the enrolled 19
studies are summarized in Table 1. In addition, the risk
of bias assessment for the short-term studies is presented
in Fig. 2 and the risk of bias assessment for the long-term
studies is presented in Fig. 3.

Meta-analysis results for the effect of CBT vs usual
treatment on HbA1c over the short-term

Of the 19 articles enrolled, 13 had outcome data for
short-term HbAlc. The mean difference in the short-
term HbAlc of the CBT and usual treatment groups in
the random effects model was -0.05 [95% confidence
interval (CI): -0.16 ~0.06], without significance (test for
overall effect Z=0.92, p=0.36). Low heterogeneity was
noted [Tau®=0.00, Chi*=8.90, df=12 (p=0.71), I>*=0%).
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Fig. 1 Search and selection flowchart. The current meta-analysis followed the PRISMA guidelines and used abstract and title selection to identify
the potentially relevant literature and then to screen it. The full text of the screened literature was assessed to find studies eligible for inclusion in

the final meta-analysis

Meta-analysis results for the long-term HbA1c of CBT vs
usual treatment

Of the 19 articles, 13 had outcome data of the long-
term endpoint HbAlc. The mean difference in the long-
term HbAlc of the CBT group and usual treatment
groups in the random effects model was -0.43 (95% CL:
-0.58 ~-0.27). Long-term HbAlc was significantly lower
in the CBT group than in the usual treatment group
(test for overall effect Z=5.42, p<0.00001). High het-
erogeneity was noted [Tau?=0.04, Chi*=43.67, df=13
(»<0.0001), I>=70%) (Fig. 4). The statistical heteroge-
neity might be a consequence of clinical heterogeneity
(variability in the participants, interventions, and/or out-
comes) or methodological heterogeneity (variability in
study design, outcome measurement tools, and/or risk
of bias) among the selected RCTs (https://training.cochr
ane.org/handbook/current/chapter-10#section-10-10).
Due to the lack of patient-level data, we performed the
following subgroup analyses of types 1 and 2 DM to sur-
vey for potential clinical heterogeneity.

Analysis of the effect on HbA1c of long-term CBT vs usual
treatment for the type 1 DM subgroup

The mean long-term difference in the HbAlc of the
CBT and usual treatment groups was -0.49 (95% CL:
-0.80~-0.17) for the type 1 DM subgroup, which indi-
cates a significantly lower long-term endpoint HbAlc for
the CBT group than was found for the usual treatment
group (test for overall effect Z=3.02, p=0.003). High
heterogeneity was noted [Tau?=0.07, Chi*=13.19, df=4
(p=0.01), ’=70%] (Fig. 5).

Analysis of the effect on HbA1c of long-term CBT vs usual
treatment for the type 2 DM subgroup

The mean long-term difference in the HbAlc of the
CBT and usual treatment groups was -0.46 (95% CI:
-0.68 ~-0.25) for the type 2 DM subgroup, which
indicates significantly lower long-term HbAlc in the
CBT group than was found in the usual treatment
group (test for overall effect Z=4.22, p <0.0001). High
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Fig. 2 Risk of bias assessment for short-term studies. The risk of bias assessment for short-term studies was performed on the enrolled articles

according to the risk of bias assessment updated version (ROB v2)

heterogeneity was noted [Tau?=0.05, Chi*=20.65,
df=7 (p=0.004), 1= 66%] (Fig. 6).

Assessments of certainty (or confidence) in the body

of evidence

Our evaluation found moderate confidence in the
effect estimate.

Discussion

In the current meta-analysis, the treatment effect of
CBT demonstrates a long-term effect on HbAlc. The
significantly lower HbAlc after at least six months of
study duration indicates that CBT expresses its poten-
tial and augmentation role in improving the glycemic
control of diabetic patients. The subgroup analysis
of people with type 1 and 2 DM over the long-term
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Fig. 3 Risk of bias assessment for long-term studies. The risk of bias assessment for long-term studies was performed on the enrolled articles

according to the risk of bias assessment updated version (ROB v2)

supports the potential and augmentation role of CBT
for relieving the hyperglycemic status; however, the
short-term effect was not significant for CBT on the
glycemic control of diabetic patients. The subgroup
analyses of types 1 and 2 DM individually also sup-
ported a lack of significant treatment effect over the
short-term on endpoint HbAlc. Our meta-analysis
results indicate that the augmentation and poten-
tial effects of CBT on the glycemic control of diabetic

patients might be significant only over the long-term
(more than six months).

The current meta-analysis failed to find a significant
short-term effect of CBT on HbAlc, possibly for the fol-
lowing reasons. First, the definition of short-term effect
in current meta-analyses is within six months, which
might be different from the definition of previous meta-
analyses. Second, the RCTs enrolled in the current
meta-analysis might be more up-to-date than previous
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Fig. 4 Forest plot of the meta-analysis results for long-term HbA1c [CBT vs usual treatment]. The CBT group had significantly lower long-term

HbA1c than the usual treatment group. High heterogeneity was noted
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Fig. 5 Analysis of long-term HbA1c in the subgroup of people with type 1 DM [CBT vs usual treatment]. The CBT group had significantly lower
long-term HbA1c than the usual treatment group. High heterogeneity was noted
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Fig. 6 Analysis of long-term HbATc in the subgroup of people with type 2 DM [CBT vs usual treatment]. The CBT group had significantly lower
long-term HbA1c than the usual treatment group. Moderate heterogeneity was noted

meta-analyses. However, future comprehensive review
and meta-analysis will be needed to confirm the short-
term effect of CBT on the HbA1c of people with DM.
Our results also corresponded to those of a previ-
ous meta-analysis that showed that CBT is effective in
reducing fasting blood glucose, with a long-term effect

[12]. Another meta-analysis of psychological interven-
tions showed only that CBT has the potential to be
effective for adult patients with type 1 DM [9]. In addi-
tion, a meta-analysis of people with type 2 DM showed
that psychological interventions can effectively reduce
HbAlc and that CBT has the highest probability of
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intervention effectiveness [3]. A recent meta-analy-
sis of CBT-based intervention (not pure CBT) found
improved glycemic control, with a moderate to large
effect size, however, the heterogeneity of CBT may
have limited the interpretations [13]. Another meta-
analysis of diabetic patients with depression reported
that CBT might be most effective for glycemic control
within six months [11]. A meta-analysis focused on the
content and style of CBT showed that, in group-based
and face-to-face methods, psycho-education, behav-
ioral, cognitive, goal-setting, and homework assign-
ment strategies all significantly reduced HbA1lc, which
indicates that CBT of different content and styles
have a similar effect on glycemic control [10]. These
meta-analyses supported the importance of the aug-
mentation therapy role of CBT for glycemic control
and psychological symptoms [37]. The effect of CBT
on glycemic control might be related to the reduction
of negative thoughts, attitudes, and beliefs regarding
diabetes and might lead to a change in dysfunctional
self-care behaviors and improve subsequent glycemic
control [14].

However, all these meta-analyses demonstrated only
that the effectiveness of CBT on glycemic control might
be limited to medium- or short-term duration [14].
Uchendu et al. stated that the lack of long-term effects
might be due to not so many studies at that time having
focused on the long-term treatment duration (2017).
The long-term effects might appear if more long-term
treatment studies of CBT are enrolled, [14] which
might explain the reason for the long-term effects of
CBT on people with DM in the current meta-analysis.
These previous meta-analyses did not find a significant
reduction of HbAlc over the long-term. Our meta-
analysis enrolled more long-term studies (nine done
since 2017) and showed a significant long-term effect
on HbAlc, which corresponds to Uchendu et al’s con-
clusion about the lack of significant long-term effects
in previous meta-analyses. In the current meta-analy-
sis, a significant short-term effect on glycemic control
was not found: only a long-term effect was significant.
Our subgroup analysis of people with type 1 and 2 DM
also supports the significant role of long-term CBT in
reducing HbAlc. Long-term CBT may be associated
with gray matter changes of brain structures, such as
the amygdala. It might reduce self-referential criticisms
and might be helpful in reducing dysfunctional belief
and behaviors [38]. The connectivity between the pre-
frontal cortex and amygdala might also be modulated
by CBT, which might also reduce dysfunctional belief
and behaviors [39]. Therefore, future study to clarify
the short and long-term effects of CBT on glycemic
control will be necessary.

Page 10 of 12

There are several limitations to the current meta-anal-
ysis. First, even though we enrolled 19 studies with a
relatively large sample size, only 13 with 3,296 total par-
ticipants reported short-term effects and 14 with 3,562
participants reported long-term effects. The sample size
is somewhat small, which might limit the generalization
of our results. The enrollment of more randomized stud-
ies with more participants will be necessary in the future.
Second, the variable content of CBT limits the results.
This variation includes the frequency, intensity, duration,
session content, total number of sessions, group or indi-
vidual, real face-to-face or web-delivered, training of the
therapists, and directions of CBT. These variables might
interfere the solidness of evidence for CBT. Future stud-
ies with a more consistent structure and duration of CBT
will be helpful in reducing such confounding factors.
Third, the types of DM and the subject’s demographic
data limit the interpretations of the current meta-analysis.
Our meta-analysis enrolled studies of people with type
1 and 2 DM. Even the subgroup analysis of type 1 and 2
DM separately showed consistent, significant results for
the long-term effects of CBT on glycemic control. How-
ever, the pathophysiology and epidemiology of type 1
and 2 DM are different, which might have contributed
to different responses to CBT. In addition, many adoles-
cents have type 1 DM, as was reported in several enrolled
studies. The variability of the age of the diabetic patients
in the current meta-analysis means that our results must
be interpreted with caution. In addition, the predomi-
nance of female patients enrolled in the studies may have
led to a gender-specific influence on the current results.
Fourth, the lack of patient-level data may also limit the
interpretation of our results due to the lack of a full evalu-
ation of patient-level covariates in cross comparisons. It is
impossible to confirm a possible subgroup effect related
to patient age or to explore the impact of variation in the
disease condition of the patients in the enrolled studies.
Fifth, due to the lack of such data in most studies, the
current meta-analysis compares only the difference of
the HbA1lc endpoints, not the change of HbAlc. Future
studies of changes in HbAlc by CBT for diabetic patients
are warranted. Sixth, our method of assignment to inter-
vention may have led to bias in our results. For interven-
tions over a long period, only subjects who did not drop
out (good adherence patients) are included in the analy-
sis. The intention-to-treat effect was not properly evalu-
ated as a result, which might influence the interpretation.
Seventh, the variations of the interventions and significant
statistical heterogeneity might influence the validity of
conducting a meta-analysis under such conditions. How-
ever, because we used the random effects model, it should
be appropriate due to its ability to capture uncertainty
resulting from heterogeneity among studies [40].
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