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ABSTRACT
Aims/Introduction: Psychological therapies have showed benefits for both glycemic
control and psychological outcomes in people with diabetes. However, the effects of
mindfulness-based intervention (MBI) on glycemic control and psychological outcomes
are inconsistent across studies, and the evidence for MBI has not been summarized. We
aimed to identify the effects of MBI on glycemic control and psychological outcomes in
people with diabetes by carrying out a systematic review and meta-analysis.
Materials and Methods: Six databases (Pubmed, Embase, CINAHL, Cochrane, Web of
science and PsycINFO) were searched from inception to October 2019. Randomized con-
trolled trials of MBI for people with type 1 and type 2 diabetes were included. Two
authors independently extracted relevant data and assessed the risk of bias, with a third
reviewer as arbitrator. Subgroup analyses and sensitivity analyses were also carried out.
Results: Eight studies with 841 participants met the eligibility criteria. Meta-analysis
showed that MBI can slightly improve glycosylated hemoglobin (HbA1c; -0.25%, 95% con-
fidence interval [CI] -0.43 to -0.07) and diabetes-related distress (-5.81, 95% CI -10.10 to
-1.52) contribute to a moderate effect size in reducing depression (standardized mean dif-
ference -0.56, 95% CI -0.82 to -0.30) and stress (standardized mean difference -0.53, CI -
0.75 to -0.31). Subgroup analyses showed greater HbA1c reductions in subgroups with
baseline HbA1c levels <8% and follow-up duration >6 months. Mixed effects were
observed for anxiety.
Conclusions: MBI appears to have benefits on HbA1c, depression, stress and diabetes-
related distress in people with diabetes. More rigorous studies with longer follow-up dura-
tion are warranted to establish the full potential of MBI.

INTRODUCTION
People with diabetes are more likely to suffer from clinically
significant psychological disorders than those without the dis-
ease1–4. Results from the literature showed that psychological
disorders contributed to poor self-care, worsened blood glucose
levels, diminished quality of life and increased healthcare
costs5,6. The American Diabetes Association “Standards of
Medical Care in Diabetes-2020” included psychosocial care as a
part of recommended therapy in diabetes management7. Hence,

psychosocial care has been considered an essential component
of successful diabetes management.
One potential effective psychological treatment consists of

mindfulness-based intervention (MBI). In recent years, MBI
has been successfully implemented to improve psychological
health and coping skills8 in a range of clinical populations,
including chronic disease9, pain disorders10 and cancer11.
Encouragingly, the benefits of MBI for psychological disorders
have been found in people with diabetes12–14. In addition, a
few studies suggested that MBI might have a favorable effect
on glycemic control in people with diabetes15. Previous studies
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supposed that psychological interventions, such as cognitive
behavioral therapy (CBT) and problem solving, improved glyce-
mic control in people with diabetes through improving adher-
ence to medical care and the ability to manage negative
emotions16,17. However, the mechanisms responsible for the
effects of psychological interventions, including MBI on glycemic
control, were uncertain. Mindfulness is defined as “the aware-
ness that emerges through paying attention on purpose, in the
present moment and non-judgmentally to things as they are”18.
MBI refers to those interventions in which mindfulness practices
are explicitly taught as a key ingredient in the treatment 19,20. It
is known that diabetes as a disease affects both body and mind,
requiring considerable physical, emotional, and psychological
accommodation and coping21. MBI increases levels of mindful-
ness and non-judgmental acceptance, and decreases negative
reactivity and repetitive negative thinking, which in turn lead to
positive outcomes22. Commonly used MBIs include mindful-
ness-based stress reduction (MBSR), mindfulness-based cognitive
therapy (MBCT) and mindfulness-based eating awareness train-
ing (MB-EAT). MBSR usually includes a body scan, meditation,
and informal daily mindfulness practice to overcome pain, stress
and illness.23 MBCT is quite similar to MBCT, but MBCT does
not include the loving kindness meditation instructions23. MB-
EAT includes reducing episodes of overeating and improving
disordered eating behaviors through mindful meditation23,24.
Usually, MBI entails participating in group-based weekly 1–2 -h
long sessions for a period of 8 weeks23,25. Several studies modi-
fied MBI slightly to make it more feasible and acceptable,
including changing the period of intervention26, delivering MBI
through audio compact disc27or providing intervention for indi-
viduals instead of a group13.
Although MBI is considered as a promising therapy for psy-

chosocial problems28,29, and has become increasingly popular
and available in recent years, the effects on both psychological
outcomes and glycemic control among people with diabetes are
mixed30, especially for glycemic control12,14,15. In addition, exist-
ing reviews on MBI for people with diabetes are limited, and
do not provide firm conclusions on its effectiveness on glycosy-
lated hemoglobin (HbA1c), depression, stress, anxiety and dia-
betes-related distress. One systematic review showed that MBI
appeared to have psychological benefits reducing depression,
anxiety and distress symptoms, but no glycemic control benefits
were observed31. Only one meta-analysis tested the effects of
MBI on HbA1c and diabetes-related distress, which included
non-randomized controlled trials30. It is worth noting that the
mixed interventions were not excluded in that meta-analysis,
making it difficult to draw reliable conclusions on the specific
effects of MBI due to the contamination. In addition, diabetes-
related distress was the primary outcome in that meta-analysis,
other common psychological outcomes (i.e., depression, stress
and anxiety) were not tested.
Given the mixed results on glycemic control and psychologi-

cal outcomes of MBI and limited meta-analysis of MBI among
people with diabetes, there is a need to quantitatively analyze

evidence based on randomized controlled clinical trials (RCTs)
to determine its pooled effectiveness among people with dia-
betes. As such, this systematic review aimed to identify the
effects of MBI on HbA1c, depression, stress, diabetes-related
distress and anxiety in adults with diabetes.

METHODS
The protocol of this review was registered in PROSPERO
(CRD42020159088). This study followed the Preferred Report-
ing Items for Systematic Review and Meta-analyses (PRISMA)
statement and checklist.

Data sources and search strategy
Six databases were searched (Pubmed, Embase, CINAHL,
Cochrane, Web of science and PsycINFO) for studies from
inception and to 16 October 2019. We designed strategies that
included Medical Subject Headings; keywords were searched,
such as “diabetes,” “T2DM,” “T1DM,” “IDDM,” “NIDDM,”
“mindfulness*,” “MBI,” “meditation,” “MBSR,” “MBCT,” “MB-
EAT,” “mind body therapies” and comprehensive combinations
of these search terms. The detailed search strategy can be found
in Table S1. A manual search of reference lists of shortlisted
articles for relevant reviews was also carried out to identify
additional studies.

Study selection
Studies meeting the following inclusion criteria were included:
(i) individuals aged >18 years with type 1 or type 2 diabetes;
(ii) interventions included any interventions that MBI was a
major component of, such as MBSR, MBCT and MB-EAT; (iii)
studies that compared MBI with usual care, wait-list control,
no intervention or health education without any mindful com-
ponent; (iv) studies reported on at least one of the outcomes of
depression, stress, anxiety, distress and glycemic control
(HbA1c); and (v) studies that were RCTs published in English.
Exclusion criteria were as follows: (i) individuals with gesta-
tional diabetes or prediabetes; (ii) exercise-focused intervention
programs with mindfulness as a component, mixed interven-
tions (i.e., Tai Chi and meditation), because these interventions
might result in contamination for the specific effects of MBI;
and (iii) dialectical behavior therapy, and acceptance and com-
mitment therapy, because these two therapies stemmed from
different theoretical roots compared with other commonly used
MBIs20. Two authors independently searched the literature and
assessed the studies. Any disagreements were resolved through
discussion with a third reviewer.

Data extraction
Data from the included studies were independently extracted
by two authors using a standardized data extraction form
guided by the Cochrane Handbook32. These two authors
reviewed the collected data twice to ensure extraction accuracy.
Extracted data included study setting, design, duration, sample
size, participant demographics (i.e., age, sex), intervention
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characteristics (i.e., frequency, duration of each mindfulness ses-
sion, intervention type), control characteristics, dropout rate
and outcomes measures. When a study included multiple con-
trol arms, we utilized the control arm with the best matched
comparison (i.e., waiting-list control, patient education group).
Study authors were contacted by email to provide additional
data when the data was incomplete. Because three studies
reported the standard error or 95% confidence interval for
depression, stress, anxiety and HbA1c14,26,33, missing standard
deviations in those studies were imputed by calculation based
on the Cochrane Handbook32.

Quality assessment
Two authors independently assessed quality using the Cochrane
risk of bias tool, which included the items of random sequence
generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessors, incomplete outcome
data, selective reporting, and other bias. Any discrepancies in
data extraction or quality assessments were discussed and
resolved by a third reviewer.

Statistical analysis
Pooled analyses were carried out on Review Manager (version
5.3, The Cochrane Collaboration, Copenhagen, Denmark), as
recommended by the Cochrane Handbook. Meta-analyses were
based on a random effects model to obtain more conservative
estimates. Changes in outcomes, or outcomes at follow up, were
compared between groups. The pooled intervention effect esti-
mates for HbA1c and distress were calculated by mean differ-
ence (MD), and the pooled intervention effect estimates for
other outcomes, including depression, stress and anxiety, were
calculated by standardized MD (SMD), as those outcomes were
measured by different scales. The SMD, also known as the
Cohen’s d, was used to evaluate the magnitude of effect size
(0.2 represented a small effect, 0.5 a moderate effect and 0.8 a
large effect)34.
Heterogeneity was identified by Cochran’s Q-test and I2 statis-

tics, where I2> 50% and a P-value of Q-test <0.10 showed
heterogeneity between studies. Possible sources of heterogeneity
were explored by subgroup analyses and sensitivity analyses. In
this review, the subgroups formed were based on previous meta-
analysis results35–37, including baseline HbA1c level, baseline psy-
chological status and duration of follow up. Initially, the diabetes
type was considered as a factor to carry out subgroup analysis,
as previous meta-analysis of diabetes psychological interventions
showed different pooled results among type 1 and type 2 dia-
betes patients16,38,39. However, no study included in the present
review reported outcomes on people only with type 1 diabetes,
making it impossible to identify diabetes type-specific effects of
MBI. Sensitivity analyses were also carried out based on the
study characteristics (i.e., duration of intervention time). The fun-
nel plots for assessing publication bias were not carried out, as
available trials were <10. When quantitative synthesis was not
appropriate, a narrative synthesis was carried out instead.

RESULTS
Study selection and characteristics
The literature search and selection process are shown in
Figure 1. Of the 1,874 potentially relevant records identified
and screened, 103 records were eligible for full text review
and 92 were excluded. Finally, 11 articles describing eight
different studies with 841 participants were selected for
inclusion in the review12–15,24,26,27,33,40–42. The number of
participants ranged from 24 to 139 in each study. Four
studies had a mixture of type 1 and type 2 diabetes
patients; four studies only included type 2 diabetes patients.
The details of the characteristics of the included studies
can be found in Table 1.
Studies carried out various forms of mindfulness-based

intervention, including MBSR (3 studies), MBCT (2 stud-
ies), mindful eating (1 study), combination of MBSR and
MBCT (1 study), and unspecific mindfulness-based inter-
vention (1 study). Those three MBSR studies focused on
body and meditation practices14,33,40; two MBCT studies
delivered intervention integrating MBSR and CBT13,41. One
mindful eating intervention study applied mindful medita-
tion to eating26; one unspecific mindfulness-based interven-
tion study guided mindfulness practice and breath
awareness27. The duration of intervention ranged from
8 weeks to 3 months, with sessions varying from 30 min
to 150 min. All studies delivered the sessions face-to-face,
except one study27 through audio compact disc. Five stud-
ies provided group-based intervention12,14,26,33,40, and three
studies provided individual intervention13,27,41. Psychological
outcomes were measured by different tools. A summary of
the outcome data from all studies can be found in
Table S2.

Risk of bias
Seven studies detailed their random sequence generation pro-
cess, and four studies carried out allocation conceal-
ment12,14,27,40. One study documented participants’ blinding13,
and another study blinded the MBI provider27. Three studies
blinded the outcome assessors and were rated a low risk of
detection bias14,27,40. Five studies carried out intention-to-treat
analysis, Six studies12–14,27,33,41 reported attrition rates of <20%,
and two studies26,40reported attrition rates of >20%, but no sig-
nificant difference between groups regarding attrition rates.
Hence, all studies were rated as a low risk of attrition bias.
Three studies published or registered a protocol and reported
all prespecified outcomes (Table 2).

Effects of MBI on outcomes
HbA1c
Seven studies measured HbA1c12,14,15,26,27,33,42, and only one
study reported a reduction of HbA1c in participants accepting
MBI15. After pooling, the mean reduction in HbA1c was 0.25%
(95% CI -0.43 to -0.07; P = 0.006), with no substantial hetero-
geneity between studies (I2 = 0%; P = 0.92; Figure 2a).
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Depression
Eight studies measured depression using five tools (Patient
Health Questionnaire, Beck Depression Inventory-II, 21-item
Depression, Anxiety and Stress Scale, Center for Epidemiologic
Studies Depression Scale, and the Hospital Anxiety and Depres-
sion Scale)12–14,24,27,33,41,42. The overall pooled effect size for
depression was moderate (SMD -0.56, 95% CI -0.82 to -0.30;
P < 0.0001; Figure 2b). However, substantial heterogeneity was
found between the studies (I2 = 59%; P = 0.02).

Stress
Seven studies measured stress using three tools (Patient
Health Questionnaire, 21-item Depression, Anxiety and
Stress Scale and Perceived Stress Scale)12,14,15,27,33,40,42.
The overall pooled effect size for stress was moderate
(SMD -0.53, CI -0.75 to -0.31; P < 0.00001). How-
ever, the heterogeneity test was contradictory by
Cochran’s Q-test (P = 0.08) and I2 statistics (I2 = 47%;
Figure 2c).
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Figure 1 | Flow diagram of included studies.
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Figure 2 | Forest plot. Effectiveness of mindfulness-based intervention on (a) glycosylated hemoglobin, (b) depression, (c) stress and (d) diabetes-
related distress. CI, confidence interval; SD, standard deviation.
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Diabetes-related distress
Five studies measured distress using Problem Areas in Diabetes
Survey scale12,13,27,41,42. The overall pooled results showed a sta-
tistical significance in reducing distress (MD -5.81, 95% CI -
10.10 to -1.52; P = 0.008), with heterogeneity between studies
(I2 = 28%; P = 0.23; Figure 2d). No subgroup analyses were
carried out for diabetes-related distress, as there were fewer
than six studies in the pooled meta-analysis43.

Anxiety
Five studies measured anxiety using four tools (21-item Depres-
sion, Anxiety and Stress Scale, the Hospital Anxiety and
Depression Scale, Generalized Anxiety Disorder, and Beck Anx-
iety Inventory)12,13,24,27,42. Because of the varying effect mea-
sures reported across these studies, a narrative synthesis was
carried out instead of meta-analysis. Two studies reported sig-
nificant reduction of anxiety in the mindfulness group

compared with the control group12,42. Three studies found no
significant differences in anxiety between the MBI and control
group13,24,27.

Subgroup analyses
Three subgroup analyses were carried out to explore possible
reasons for the heterogeneity (Table 3).

Baseline HbA1c
A previous meta-analysis of diabetes psychosocial interven-
tions showed a greater effect in participants with poor base-
line HbA1c levels35. Therefore, we did a subgroup analysis
to see if this hypothesis might also be true for MBI. As the
participants in most included studies were older, we divided
studies into two subgroups based on the less-stringent glyce-
mic goals (HbA1c <8%) for older adults, as recommended
by the American Diabetes Association44. Combining studies

Table 3 | Subgroup analyses by various exclusion for glycosylated hemoglobin, depression and stress

Outcome No. studies Pooled effect estimates Heterogeneity

SMD (95% CI) P-value I2 PQ

Baseline HbA1c
HbA1c
<8% 4 –0.26† (-0.47, -0.05) 0.01 0% 0.77
≥8% 3 –0.22† (-0.57, 0.13) 0.22 0% 0.66

Depression
<8% 3 –0.67(-0.87, -0.46) <0.00001 0% 0.73
≥8% 5 –0.49(-0.98, -0.01) 0.05 73% 0.006

Stress
<8% 5 –0.55(-0.84, -0.27) 0.0002 60% 0.06
≥8% 2 –0.57(-1.17, 0.04) 0.06 65% 0.09

Baseline psychological status
HbA1c
Without psychological disorder 5 –0.30† (-0.52, -0.08) 0.007 0% 0.86
With psychological disorder 2 –0.15† (-0.46, 0.16) 0.34 0% 0.75

Depression
Without psychological disorder 4 –0.37(-0.85, -0.10) 0.13 74% 0.009
With psychological disorder 4 –0.72(-0.93, -0.51) <0.00001 0% 0.69

Stress
Without psychological disorder 5 –0.37(-0.60, -0.15) 0.001 13% 0.33
With psychological disorder 2 –0.79(-1.04, -0.55) <0.00001 0% 0.97

Duration of follow up
HbA1c
<6 months 4 –0.21† (-0.48, 0.06) 0.13 0% 0.84
≥6 months 3 –0.28† (-0.52, -0.04) 0.006 0% 0.60

Depression
<6 months 6 –0.53(-0.91, -0.15) 0.006 69% 0.007
≥6 months 2 –0.65(-0.90, -0.39) <0.00001 0% 0.45

Stress
<6 months 4 –0.58(-0.91, -0.26) 0.0004 44% 0.14
≥6 months 3 –0.47(-0.82, -0.12) 0.009 62% 0.07

Standardized mean difference was used for pooled effect estimates unless otherwise indicated. †Mean difference was used for pooled effect esti-
mates. CI, confidence interval; HbA1c, glycosylated hemoglobin; SMD, standardized mean difference.
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with baseline HbA1c levels <8.0% showed greater reductions
in HbA1c levels of 0.26% (95% CI -0.47 to -0.05; P = 0.01)
compared with 0.22% (95% CI -0.57 to 0.13; P = 0.22)
among those with baseline HbA1c levels ≥8.0%. In addition,
the effects on HbA1c were no longer statistically significant
in the subgroup of baseline HbA1c level ≥8% (Table 3).

Baseline psychological status
The baseline psychological status was divided into two
groups: participants with baseline psychological disorders
and participants without baseline psychological disorders.
Three studies recruited participants with a certain base-
line level of depression13, diabetes-related distress41 or
low levels of emotional well-being12, hence, participants
in those studies were considered to have a psychological
disorder. Combining studies with baseline psychological
disorder showed a larger effect size for depression (SMD
-0.72, 95% CI -0.93 to -0.51; P < 0.00001) and stress
(SMD -0.79, 95% CI -1.04 to -0.55; P < 0.00001), with
no substantial heterogeneity for both depression
(I2 = 0%; P = 0.69) and stress (I2 = 0%; P = 0.97). Com-
bining studies without baseline psychological disorder
showed a smaller effect size for depression (SMD -0.37,
95% CI -0.85, -0.10; P = 0.13) and stress (SMD -0.37,
95% CI -1.04, -0.55; P = 0.001; Table 3).

Duration of follow up
The duration of the Diabetes Self-Management Education inter-
vention was divided into two groups (≤6 months and
>6 months) guided by previous meta-analysis45. Combining
studies with a longer follow-up duration (>6 months) showed a
larger HbA1c reduction (MD -0.28, 95%CI -0.52 to -0.04;
P = 0.006) than those with a shorter duration (≤6 months;
SMD -0.21, 95% CI -0.48 to 0.06; P = 0.13). Additionally,
studies with shorter follow-up duration showed no statistically
significant effects on HbA1c (Table 3).

Sensitivity analyses
Three sensitivity analyses were undertaken to explore possible
reasons for the heterogeneity and test the robustness of the
results. Removing one study24 with longer duration of interven-
tion time (>8 weeks) partially explained the substantial hetero-
geneity for depression (I2 = 16%; P = 0.31), but not the
significance or the direction of the effect (SMD -0.65, 95% CI
-0.83 to -0.47; P < 0.00001). Removing one study delivering
intervention through compact disc27 explained all of the sub-
stantial heterogeneity for diabetes-related distress (I2 = 0%;
P = 0.43), but did not change the significance or the direction
of the effect (MD -7.44, 95% CI -11.58 to -3.29; P = 0.0004).
Removing one study reporting improvement in HbA1c after
intervention, the significance or the direction of the effect on
HbA1c did not change (MD -0.21, 95% CI -0.41 to -0.01;
P = 0.04).

DISCUSSION
To our best knowledge, this is the first meta-analysis of RCTs
to quantify the magnitude of improvement in HbA1c, depres-
sion, stress and diabetes-related distress from MBI. The present
review showed that MBI can slightly improve HbA1c and dia-
betes-related distress, and lead to a moderate reduction in
depression and stress. Subgroup analyses showed greater
HbA1c reductions in studies with baseline HbA1c level <8%
and follow-up duration >6 months. Subgroup analyses also
showed greater effects in participants with certain baseline psy-
chological disorders than those without baseline psychological
disorders in improving depression and stress. Mixed effects
were observed for anxiety.
An important finding of the present review was that the

effects of MBI on HbA1c were confirmed, although the effect
size was small. This is in line with previous meta-analysis35,38,
which reported that psychotherapies can slightly improve
HbA1c in people with diabetes. Possible mechanisms responsi-
ble for the effect on HbA1c could be that mindfulness training
might assist participants to develop a healthy lifestyle or behav-
iors27. Performing optimal behavior has been confirmed to be
effective in reaching targeted HbA1c46,47. Another potential
pathway is through modulation of the hypothalamic–pituitary–
adrenal axis and stress pathways27. Jung et al.40 carried out a
randomized controlled trial to test the effects of MBSR on peo-
ple with type 2 diabetes, and a significant reduction in cortisol
levels was observed.
Subgroup analyses showed that the effects of MBI for HbA1c

were found in the longer follow-up duration subgroup; how-
ever, the benefits for HbA1c were not observed in the shorter
follow-up duration subgroup. These results differed from the
findings reported by Uchendu et al.17, who found short-term
(up to 4 months) and medium-term (up to 8 months) effects
on glycemic control, and no significant effect for long-term (up
to 12 months) glycemic control. This difference might be
explained by the fact that the intervention approaches were dif-
ferent between the present review and previous systematic
reviews. The present review focused on the effects of MBI,
whereas previous reviews focused on CBT17. Some types of
MBI, such as MBCT, were similar to CBT, but were not the
same. MBI emphasized redirecting participants’ attention
toward the present moment, but CBT focused on reappraising
and modifying thought content48. Notably, due to the small
number of studies reporting long-term outcomes of MBI, we
should be cautious to draw conclusions about the long-term
effects on HbA1c. Therefore, more studies are required to show
whether MBI can improve glycemic control in the long term.
Subgroup analyses suggested that the reduction in HbA1c was
found among participants with lower baseline HbA1c levels
(<8%), but not among participants with higher baseline HbA1c
levels (≥ 8%). This implied that participants with better glyce-
mic control at baseline benefitted more from MBI. MBI
requires somewhat intense participation by patients in the
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exercises and modules. However, individuals with HbA1c
levels ≥8% were more likely to already have diabetes complica-
tions44, who were less motivated with lower adherence to inter-
vention49, which might explain the different effects in
participants with different baseline HbA1c. Another explanation
could be that participants with lower HbA1c levels might have
better exercise habits50, contributing to contamination of the
effects of MBI.
In terms of psychological outcomes, depression, stress and

diabetes-related distress were significantly improved. The pre-
sent review confirmed previous findings30,31, and further found
that the effects of MBI on psychological outcomes might differ
by different baseline psychological status. The benefits on psy-
chological outcomes could be attributed to the effects of MBI
in improving mindfulness, contributing to facilitating insight
into one’s emotional life, and enabling one to liberate oneself
from negative and destructive mental states51. Subgroup analy-
ses showed a larger effect size in combined studies involving
participants with baseline psychological disorders than those
involving participants without baseline psychological disorders,
implying that participants with certain psychological disorders
at baseline might benefits more from MBI. This result is consis-
tent with a recent review on MBSR for older people, which also
observed significant effects of MBSR, particularly in those with
mood symptoms of distress, but limited effects on the healthy
population. Similar results were also found in people with dia-
betes, that psychological treatment might be more efficacious
for high-severity than for low-severity participants with depres-
sion37. This result might be explained by the floor effects – par-
ticipants without psychological disorders at baseline achieved a
lower score on the psychological screening scale, leaving little
room for improvement after intervention. Nevertheless, a small
number of studies included in the present review might influ-
ence the reliability and generalizability of the results. Hence,
caution is warranted in interpreting these findings. Mixed
effects were found for anxiety, as five of the included studies
measured anxiety using five different scales, making it difficult
to quantify the magnitude of effects in anxiety. It should be
noted that heterogeneity was found in the pooled intervention
effect estimate for depression, stress and diabetes-related dis-
tress. This heterogeneity might be due to the use of a variety of
measurement tools and different intervention components.
The present study had some strengths. A strength was that

we only included RCTs, to guarantee the quality of evidence.
The subgroup and sensitivity analyses further added to the
strength of this study. However, there were some limitations in
this review. First, most included studies failed to blind the par-
ticipants and the intervention provider; this might increase the
risk of performance bias. Second, besides a small number of tri-
als, most included studies consisted of small samples, which
might have resulted in exaggerated effect sizes and thus biased
the results52, making it difficult to draw a robust conclusion.
Third, due to a lack relevant trials, the present review did not
draw conclusions on sex-specific effects, diabetes type-specific

effects, and the format of MBI sessions that were most benefi-
cial and preferred by people with diabetes. Finally, language
restriction for the literature search might introduce language
bias, as non-English studies with relevant outcomes were
missed.
It is not clear which population groups will benefit the most

from MBI (e.g., different diabetes type), and which kind of
MBI is most effective (e.g., MBSR, MBCT). Additionally, the
mechanism of MBI on glycemic control and psychological out-
comes has not been identified. More studies with longer follow-
up duration are required to determine the long-term impact on
glycemic control and psychological outcomes. Further research
is required on evaluating the impact of MBI on other impor-
tant outcomes for people with diabetes, such as cost-effective-
ness, self-management and health-related quality of life.
In conclusion, the present review shows that MBI can

slightly improve HbA1c and diabetes-related distress, leading to
a moderate effect size in reducing depression and stress. Mixed
effects are found in anxiety. The effects on depression and
stress are larger in participants in the baseline psychological dis-
order subgroup. The impact of MBI on HbA1c might differ
from the duration of follow up and baseline HbA1c level.
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