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Objectives: Physical and mind-body exercises represent distinct intervention strategies that may improve sleep quality by ini cing
physiological and psychological factors. Nevertheless, their effectiveness in individuals with diabetes is not well-established. This sys-
tematic review and meta-analysis aimed to examine the impacts of physical and mind-body exercise interventions on sleep quality in
patients with diabetes mellitus.

Methods: Six randomized controlled trials (RCTs) that met the inclusion criteria were idepgified from PubMed, CINAHL, Embase, Sco-
pus, Web of Science, Cochrane, and Ovid-Medline Library. The effectgige for sleep quality was calculated using the standardized mean
difference (SMD) with a 95% confidence interval (Cl), employing a random-effects model. Heterogeneity and publication bias were
also examined, and subgroup, meta-regression, and sensitivity analyses were performed.

Results: Physical and mind-body exercise interventions significantly improved sleep quality, with an SMD of -1.040 (95% Cl, - 1.686 to
-0.394). Subgroup analysis revealed significant differences with respect to the type of intervention (p=0.047), or its duration (p =0.282).
Meta-regression analysis indicated that mean hemoglobin A1c level was the only factor to be significantly related to the effect size for
sleep quality, demonstrating a negative association (p=0.033). The assessment of publication bias and the sensitivity analysis sug-
gested that the findings were reliable and robust.

Conclusions: Physical and mind-body exercises may serve as effective interggations for patients with diabetes mellitus who experi-
ence poor sleep quality. However, to substantiate these findings, additional rigerous RCTs with larger sample sizes, longer follow-up

periods, and standardized interventions are required.
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passes various aspects of sleep, including duration, efficigacy,
latency, continuity, depth, and satisfaction [1,2]. Globally, poor
sleep quality is a common issue among individuals with dia-
betes mellitus, affecting up to half of this population [3]. Dia-
betes mellitus is a chronic metabolic disorder characterized by
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hyperglycemia and impaired insulin secretion or action [4]. It
is associated with various complications, such as cardiovascu-
lar disease, neuropathy, nephropathy, retinopathy, and depres-
sion [5]. Poor sleep quality can exacerbate these complications
by disrupting glucose metabolism, increasing inflammation,
altering hormonal regulation, and reducing quality of life [6].
Consequently, improving sleep quality is a key objective for
those living with diabetes mellitus.

Current treatments for sleep problems in individuals with
diabetes mellitus include both pharmacological and non-phar-
macological interventions [7-9]. Pharmacological approaches,
such as the use of hypnotics, antidepressants, and melatonin,
can improve sleep quality. However, they carry potential side
effects like dependence, tolerance, rebound insomnia, daytime
sedation, and possible interactions with anti-diabetic medica-
tions [8,10]. Non-pharmacological strategies, such as cognitive-
behavioral therapy, relaxation techniques, stimulus control,
sleep hygiene education, and bright light therapy [7,9,11], may
offer a safer and more effective altemative to pharmacological
methods. Nevertheless, they have certain drawbacks, such as
high costs, limited availability, low patient adherence, and in-
sufficient supporting evidence.

Physical and mind-body exercise are two non-pharmacolog-
ical interventions that may improve sleep quality in individu-

with diabetes mellitus [12]. Physical exercise is defined as
any bodily movement that requires energy expenditure and
enhances physical fitness [13]. Mind-body exerdise encom-
passes activities that combine physical movement, breathing,
and mental focus to achieve a heightened state of awareness
and relaxation [14]. Physical exercisgimcludes activities that
involve exerting the body’s musdes, such as aerobic exercise,
resistance training, and high-intensity interval training [15].
Mind-body exercise comprises-practices that integrate the
body and mind, igglading yoga, tai chi, gigong, and medita-
tion [16]. Several studies have suggested that both physical
and mind-body exercise may improve sleep quality by influ-
encing various physiological and psychological factors related
to sleep in people with diabetes [17,18]. These factors include
stress, anxiety, depression, pain, inflammation, blood glucose
levels, mood, self-efficacy, cognitive function, cardiovascular
health, and circadian rhythms. The findings of these studies
indicate that physical and mind-body exercise can be benefi-
cial for patients with diabetes mellitus who experience poor

p quality, potentially improving their overall well-being
and quality of life. Surprisingly, no systematic review and me-

26
ta-analysis has yet examined the impact of sleep pmblemsg
patients with diabetes mellitus.

A systematic review and meta-analysis can synthesize and
compare results from multiple studies, aiding in the identifica-
tion of effective interventions, highlighting areas that require
further research, and informing clinical practice guidelines.
Given the current gap in the Iiteratta, a comprehensive analy-
sis is urgently needed to evaluate the effects of physical and
mind-body exercises on sleep quality in ianals with dia-
betes mellitus. The primary objective of this systematic review
and meta-analysis was to assess the impact of these exercises
on sleep quality in patients with diabetes. Secondary objec-
tives included exploring potential moderators (such as exer-
cise type, intensity, frequency, and duration) of the effects, in-
vestigmting possible mediators (such as psychological factors)
thatﬁuence the relationship between exercise and sleep
quality, comparing the efﬁcacyahysical exercises with mind-
body practices, and assessing the risk of bias and the quality
of evidence in the included studies.

METHODS

Sch Strategy

To identify relevant studies, we thoroughly searched multi-
ple databases, including PubMed, CINAHL, Embase, Scopus,
Web of Science, Cochrane, and Ovid-Medline Library. This search
included all records from the inception of these databases up
to July 13, 2023.We employed specific keywords related to ex-
ercise and sleep problems. No limitations were imposed on
the language of publication or the duration of the studies in-
cluded. The specifics of our search strategy are detailed in
Supplemental Material 1.

Sgpdy Selection

is systematic review and meta-analysis was conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guiﬁnes [9.

We selected trials based on the following criteria: (1) the
participants were adults diagnosed with diabetes, with a mean
age of 18 years or older; (2) the intervention included any form
of physical activity, such as exerdise, training, aerobic exercises,

ess routines, treadmill workouts, dance, and walking, while
mind-body interventions such as tai chi, gigong, yoga, Pilates,
progressive muscle relaxation, and mindfulness-based cogni-
tive therapy were also considered as treatment options; (3) the
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research included a comparison group, which could be a no-
treatment control (e.g., waitlist), standard care for chronic physi-
cal illness, or engagement in non-therapeutic apgjvities (e.g.,
health education, recreational activities); and (4) the study was
a randomized controlled trial (RCT). The effectiveness of the
intervention was assessed using subjective measures of sleep
q .
The titles and abstracts of eligible articles were independent-
ly reviewed by 2 researchers (YAR and RWA). Subsequently,
the full texts of the selected studies were reassessed. Any dis-
agreements that arose were resolved through discussions with
additional researchers, namely MSNG, FH, MT, HYC, and RT.

Data Extraction

Data were independently extracted from each included
study by 3 researchers (YAR, RWA, and MSNG), encompassing
details on study characteristics, participant characteristics, in-
tervention specifics, and intended outcomes. We attempted to
contact the original authors by email to acquire any supple-
mentary or missing information. In instances of disagreement,
discrepancies were resolved by reaching a consensus.

Descriptions ofatcome Measures

The primary outcomes in this study were subjective mea-
sures of sleep quality, induding the General Healgssfluestion-
naire, Pittsburgh Sleep Quality Index (PSQI), and the Swedish
Health-Related Quality of Life questionnaire.

Esk of Bias Assessment
The risk of bias in each included study was independenw

assessed by 3 researchers (RT, FH, and YAR) using version 1 o
the Cochrane risk-of-bias tool [20]. Six domains of bias were
assessm random sequence generation, allocation conceal-
ment, performance bias, detection bias, attn'ti[qias, and re-
porting bias. Each domain receiveggudgment of low, undlear,
or high risk of bias. Discrepancies were resolved through con-
Sensus.

Datgfynthesis and Analysis

All analyses were conducted using Comprehensive Meta-
analysis 2.0 (Biostat, Englewood, NJ, USA). We chose arandom-
effects model over a fixed-effects model to its more con-
servative approach [21]. We determined the effect size using
the standardized mean difference (SMD) with a 95% confidence
interval (Cl); thus, we measured the differences in outcomes

48
and sample sizes between the experimen@nd control groups,

both before and aftertesting. To evaluate the magnitude of the
effect sizaﬂe employed Cohen categories with 95% Cls as fol-
lows: g=0.2 to 0.5 indicated a small effect; 0.5 <g< 0.8 repre-
sented a moderate effect; and g>0.8 denoted a large effect
[22]. The Q test and /* statistic were used to assess heterogene-
ity between studies, with Q<0.05 and /*>50% indicating sig-
nificant heterogeneity.

Egg)s Statement

The study protocol was preregistered with the International
Prospective Register of Systematic Reviews (registration No.
CRD4202222239789).

RESULTS

Included Studies and Characteristics

Our initial database searches yielded 1469 articles. After as-
sessing the eligibjipg of 13 full-text articles, we ulimately in-
cluded 6 studies in the systematic review. Of these, 6 were
meta-analyses, as illustrated in Figure 1. Table 1 presents the
characteristics of the 6 articles, which were published be-
tween 2005 and 2021. Two of the studies were conducted in
Iran [17,23], with the remaining studies taking place in Spain
[24], Sweden [25], India [18], and China [26]. The studies pre-
dominantly featured male participants, with mean ages rang-
ing from 38.00 years to 62.25 years and sample sizes varying
from 19 to 300 participants. Table 1 also details the physical
and mind-body exercise interventions used. Regarding the
types of interventions, the majority (4 studies) implemented
aerobic exercise. One study each utilized yoga exercise and a
combination of yoga and aerobic exercise. The duration of the
interventions spanned from 1 week to 16 weeks. For sleep as-
sessment, 4 of the 6 studies employed the PSQI.

Effect of Physical and Mind-body Exercise
Interventions on SIeeaQuaIity

As presented in Table 2, the effects of physical and mind-
body exercise interventions on sleep quality in patients with
diabetes mellitus were assessed across 5 studies. The pooled
effect was found to be statistically significant. Specifically, the
pooled effect on sleep quality exhibited an SMD of -1.040 (95%
(,-1.686 t0-0.394).

Moreover, as shown in Figure 2, the studies exhibited a high
degree of heterogeneity (I"=87.01%). Subgroup analysis re-
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Electronic records identified from (n =1469)

- PubMed (n=24)
s - Embase [n=339)
E - Scopus (n=30) Records removed before screening:
= - Web of Science (n=523) o Duplicate records removed (n=213)
3 - Cochrane [n=448)

- CINAHL[n=79)

- Ovid-Midline {n =26)

‘ Records screened (n=1256) }—D| Records excluded (n=1236) |
= '
E ‘ Reports sought for retrieval [n=20) }—>| Reports not retrieved (n=7) |
“ @ '
Reports assessed for full paper eligibility (n=13) }—b Reports excluded:
- Outcome not meet the inclusion criteria {n=4)
# - Study protocal/case report [n=2]

:g RCT SHGiBS inGIaRalin meta-analysis () Efcmmpams not meet the criteria inclusion [n=1}
= RCT reports of included studies [n=8)

Egure 1. Preferred Reporting Items for Systematic Reviews and Meta-analyses flow diagram. RCT, randomized controlled trials.

Table 1. Characteristics of included studies

Age, Mean Description of intervention o
Sample Female Type of mean+SD  HbAlc, /

size (%) d'“ W mmol/mal  Intervention group Control group ~ Measurement
Alarcén-Gémez Spain  Total: 19 474 Type 1 38.0£55 371 Supervised, high-intensity  No exercise (instructed  Sleep quality:

Study Country

etal (2021) IG:11 interval training {cycling) to maintain their PsSQl
[24] CG:8 Frequency: 3x/wk current lifestyle and
Duration: 6 wk dietary intake)
Ebrahimi et al. Iran Total: 39 100 Type2  46.31+2.95 NI Aerobic and yoga exercise  No detailed Sleep quality:
(2017)[23] 1G: 28 program information psal
CG: 11 Frequency: 110 min, 3x/wk
Duration: 12 wk
Fritz et al. Sweden Total: 50 350 Type2 62.25+1.25 53256 Unsupervised, Nordic Mo exercise [instructed  Sleep quality:
{2011)[25] 1G:30 walking to continue habitual SWED-QUAL
CG:20 Frequency: 5 hiwk daily activities) sleep domain

Duration: 16 wk
Sardaretal.  Iran Total: 53 0 Type2 45.56+5.41 5325  Aerobic training with an Mo exercise (usual Sleep quality:

(2014)[17] IG: 27 ergometer hike care, did not GHQ domain
CG: 26 Frequency: 45 to 60 min, participate in any
Ixiwk exercise)
Duration: 8 wk
Viswanathan  India Total: 300 380 Type 2 50.8£8.3 5500  Supervised, yoga Mo exercise [advised  Sleep quality:
etal. (2021) IG: 150 intervention toengage in simple pPsal
[18] CG:150 Frequency: 50 min, 5x/wk exercises)
Duration: 12 wk
Wang et al. China  Total: 40 50.0 Type 2 49.4+55 NI Aerobic exercise Noexercise (advised  Sleep quality:
(2005) [26] 1G: 20 Frequency: 40 min, 3-4x/wk  toengagein Sleep Quality
CG: 20 Duration: 1wk exercise voluntarily) Survey Scale

SD, standard deviatfg&BHbA 1c, hemoglobin Alc; |G, intervention group; CG, control group; GHO, general health questionnaire; NI, no information; PSQ, Pitts-
burgh Sleep Quality Index; SWED-QUAL, Swedish Health-Related Quality of Life Questionnaire.

led significant differences in the effect size for sleep quality tervention gmsr 0.047), or its duration (p=0.282). Meta-regres-
among patients with type 2 diabetes regarding the type of in- sion using a random-effects model was conducted to assess
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the impacts of the intervention’s duration in weeks, mean age,
and mean body mass index (BMI) on the effect size for sleep
quality. This analysis identified a significant, negative associa-
tion solely between mean hemoglobin Alc level and the ef-
fect size for sleep quality (p=0.033). The covariates of interven-
tion duration and mean age did not significantly influence sleep

a')le 2. Moderator analysis: subgroup analysis and meta-
regression

Characteristics
Subgroup analysis, SMD (95% Cl)
Type of intervention

n Moderator analysis p-value

Aerobic exercise 4 -1.36(-2.02,-069) <0.001
Others’ 2 -0.40(-1.07,0.28) 0247
pvalue 0.047
Intervention duration (wk)
<12 3 -1.41(-2.42.0.41) 0.006
=12 3 -0.71(-1.49,008) 0.077
pvalue 0.282
Meta-regression, S coefficient (35% Cl)
Mean age 6 0.05(-0.09, 0.10) 0928
Duration 6  0.08(-0.05,021) 0215
BMI 4 0.06(-0.38, 0.51) 0781

0.07(0.01, 0.14) 0.033

gmnglubin Alc 4

D, standardized mean difference; Cl, confidence interval; BMI, body mass
index.

'Others refers to mind-body exercise involving yoga alone (1 study) and a
combination of aerobic exercise and yoga (1 study)

Study name Statistics for each study

SMD Standard Lower Upper

error Varance  limit limit

Alarcon-Gomez et al, 2021  -1.629 0.535 0.286 -2.676 -0.581
Ebrahimi et al, 2017 -0.840 0.368 0.136 -1.562 -0.118
Fritz et al, 2011 -1.289 0.316 0.100 -1.909 -0.669
Sardar et al, 2014 -0.618 0.281 0.079 -1.169 -0.067
Viswanathan et al, 2021 -0.130 0.118 0.013 -0.356 0.087
Wang et al, 2005 -2.104 0.394 0.155 -2.876 -1.331
-1.040 0.330 0109 -1686 -0.394

quality (p>0.05). Egger test results suggested an absence of
publication bias (p=0.42).

gnsitivity Analysis

To evaluate the robustness of the meta-analysis results re-
garding changes in sleep quality, sensitivity analyses were per-
formed. These analyses involved the sequential exclusion of
individual studies. No findings changed significantly, support-
ing the robustness of the results.

Methodological Quality

Figure 3 presents an evaluation of the methodological qual-
ity based on the Risk of Bias 2.0 criteria. Among the included
studies, 1 raised some concerns, while the remainder demon-
strated a low risk of bias resulting from the randomization pro-
cess. Regarding bias due to deviation from the intended inter-
vention, 3 studies presented some concerns, primarily due to
limitations in participant blinding, whereas the others were
assessed as low risk. Concerning bias from missing outcome
data, 5 studies were deemed low risk, and 1 raised some con-
cerns due to patient attrition during gysgintervention. All stud-
ies showed a low risk of bias both in the measurement of out-
comes and in the selection of reported results. Overall, 3 stud-
ies were categorized as low risk, while 3 presented some con-

cems.

SMD and 95% CI
ZValue p-Value
-3.047  0.002
-2.281  0.023 ==
-4.077  0.000 ==
2196 0.028 ==
-1.124  0.261 B
-5.338  0.000
-3.157  0.002 e
400 2.00 0.00 200 4.00
Intervention group  Control group

Figure 2. Forest plot for ﬁe effect of physical and mind-body exercise on sleep quality in patients with diabetes mellitus D,

standardized mean difference; Cl, confidence interval
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DISCUSSION

Poor sleep quality is a common issue among individuals with
diabetes mellitus, with the potential tﬂversely impact over-
all health and well-being. Accordingly, we conducted a system-
atic revigy and meta-analysis to evaluate the effects of physi-
cal and mind-body exercise interventions on sleep quality in
this population. Our findings indicate that physical and mind-
body exercise interventions significantly improved sleep qual-
ity in individuals with diabetes mellitus. Subgroup analysis re-

led significant differences in effect size for the sleep quality
%atients with type 2 diabetes regarding the type or duration
of intervention. Meta-regression indicated a significant nega-
tive association between hemoglobin Alc level and the effect
size for sleep quality. However, the duration of diabetes, BMI,
and mean age did not significantly influence the quality of
sleep. The sensitivity analysis supported the robustness of the
results.

The observation that physical and mind-body exercise inter-
ventions significantly increase sleep quality in individuals with
diabetes mellitus aligns with the available literature. Prior re-
search indicates that exercise can improve various sleep pa-
rameters, including duration, efficiency, latency, coptimuity,
depth, and satisfaction [24,27]. Physical exercise may improve
sleep quality by reducing stress, anxiety, depression, pain, in-
flammation, and blood glucose levels. It can also boost mood,
self-efficacy, cognitive function, and cardiovascular health, in
addition to regulating circadian rhythms [27,28]. Similarly,
mind-body exercise may improve sleep quality by fostering in-
creased awareness and relaxation, modulating autonomic
nervous system activity, improving emotional regulation and
coping skills; and reducing negative thoughts and rumination

[29,30]. The mechanisms by which physical and mind-body
exercise influence sleep quality in individuals with diabetes
mellitus may be mediated by psychological factors, such as
perceived stress, mood, self-esteem, and quality of life [31].
Consequently, physical and mind-body exercise interventions
could be beneficial for individuals with diabetes mellitus who
experience poor sleep quality, which can adversely impact
their glycemic control and general health [12,31,32].

The findings indicated a significant impact of aerobic exer-
cise, but not of either yoga alone or a combineﬂnd-bndy
exercise regimen that included yoga and aerobic yoga, on the
sleep quality of patients with type 2 diabetes. This suggests
that physical exercise alone may be more beneficial than com-
bined exercise for improving sleep quality in this population.
In contrast, a study by Ebrahimi et al. [23] reported that both
yoga and aerobic exercise enhanced sleep quality after 6 weeks.
However, the positive effects of aerobic exercise diminished
after 12 weeks. The study concluded that yoga was more ef-
fective in improving sleep quality in women with type 2 dia-
betes than the same number of weeks of aerobic exercise. No-
tably, however, the study had certain limitations, such as rely-
ing on a single questionnaire and employing different dura-
tions for the yoga and aerobic exercise sessions, potentially in-
fluencing the results. In a similar vein, research by S Delevatti
et al. [33] demonstrated that aerobic tg#ming improved both
physical and psychological domains of quality of life, reduced
depressive symptoms, and improved sleep quality in patients
with type 2 diabetes. Moreover, several relevant meta-analy-
ses comparing aerobic and resistance exercise concluded that
aerobic exercise was superior in lowering glycosylated hemo-
globin levels [11,34]. Another study also reported significant
differences in changes from baseline in BMI, peak oxygen con-
sumption, and maximum heart rate [35].

Subgroup analysis revealed no significant differences in the
effect size for sleep quality when comparing types and dura-
tions of interventions. This suggests that both physical alm
mind-body exercise interventions can improve sleep quality in
patients with diabetes, regardless of the length of the inter-
vention. Meta-regression analysis indicated that the mean BMI
of participants was the only factor that had a significant, and
negative, association with the effect size for sleep quality. This
implies that physical and mind-body exercise interventions
may be more effective for patients with diabetes mellitus who
have a lower BMI. This observation aligns with findings from
other studies that have linked obesity with poor sleep quality
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and an increased risk of sleep disorders, such as obstructive
sleep apnea, insomnia, and restless legs syndrome [36,37]. Obe-
sity can compromise sleep quality through mechanical obstruc-
tion of the upper airway, disruption of hormonal regulation of
appetite and metabolism, heightened inflammation and oxi-
dative stress, and impacts on psychological health [36,38]. Con-
sequently, physical and mind-body exercise interventions may
improve sleep quality by promoting weight loss and mitigat-
ing obesity-related complications in patients with diabetes
mellitus.

Furthermore, these findings have substantial implications
for healthcare policy and clinicawctice, espedally for profes-
sionals who work with patients with type 2 diabetes. It is cru-
cial to recognize the importance of assessing sleep quality and
activity levels in the management of diabetes and to integrate
these assessments into standard care protocols. Healthcare
policies should be established to support routine screening for
sleep disturbances and physical activity levels in patients with
diabetes, as these factors can significantly impact health out-
comes. From a clinical standpoint, healthcare providers should
considgginduding various forms of exercise in their treatment
plans, tailoring interventions to individual patient needs and
preferences. Such a personalized approach is likely to increase
patient adherence and improve outcomes. Policymakers and
healthcare systems should prioritize the expansion of exercise
interventions, which could be achieved through community
programs, telemedicine initiatives, or subsidized gym mem-
berships for patients with diabetes. These patients should be
empowered to select the type of aerobic training that best
suits their personal preferences and accessibility, potentially
increasing their long-term commitment to physical activity.
The primary policy objective should be to promote and facili-
tate regular physical activity rather than to prescribe specific
types of exercise.

To inform evidence-based policies, further research is neces-
sary tﬁnﬁfy the optimal type, duration, and intensity of ex-
ercise interventions to improve sleep quality in patients with
diabetes. Future longitudinal studies should focus on outcomes
that are relevant to patients. Additionally, conducting cost-
effectiveness analyses of various exercise interventions, in the
context of their impact on diabetes management and overall
healthcare costs, would be valuable for policymakers. Our find-
ings indicate promising avenues for improving diabetes care
through exerciseg sleep quality management. However, they

t

also underscore the need for more robust research to inform

policy development. Healthcare systems and policymakers
should consider these findings when developing comprehen-
sive diabetes management strategies and should also invest
in additional research to refine and validat se approaches.

The recommendations provided should be interpreted with
caution due to the limited number of studies within each sub-
group and the heterogeneity observed among the studies.
Factors including the type and intensity of exercise, baseline
characteristics of the participants, and the methods used to
measure sleep quality could have influenced the results. The
studies under review exclusively utilized self-reported ques-
tionnaires to assess sleep quality. Future research and policy
development should include objective measures such as ac-
tigraphy or polysomnography to enable a more thorough as-
sessment of sleep quality.

Thigraudy had several strengths. First, it exclusively included
RCTs in the systematic review and meta-analysis, improving
the statistical power and precision of the findings. Second, a
subgroup analysis was incorporated to explore potential sources
of heterogeneity among the studies, such as the type of inter-
vention. Third, a meta-regression was performed to examine
the impact of covariates such as the duration of intervention,
mean age, angl mean BMI on the effect size for sleep quality.
Additionally, publication bias was evaluated using the Egger
test, with no evidence of such bias detected. Finally, the ro-
bustness of the results was confirmed through a sensitivity
analysis, which involved sequentially exduding individual stud-
ies and revealed no significant changes in the findings.

This study also had certain limitations. First, the number of
qualified studies incorporated into this meta-analysis was rela-
tively small, potentially Iimitin?e generalizability and validi-
ty of the findings. Additionally, the studies included in the me-
ta-analysis exhibited a high degree of heterogeneity. This sug-
gests that there could be other factors influencing the impact
of physical and mind-body exercise interventions on sleep qual-
ity that were not considered in this analysis. Furthermore, the
effect size for sleep quality was measured using SMD, which
may not fully convey the clinical significance or relevance of
the intervention for patients with diabetes mellitus.

CONCLUSION

In condlusion, our findings suggest that physical and mind-
body exercises can effectively improve sleep quality in patients
with diabetes mellitus. However, our results underscore the
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necessity for rigorous future trials to determine which specific
interventions are most beneficial based on the characteristics
of individual patients and their treatments. These studies should
also explore the mechanisms at play and establish optimal pro-
tocols for physical and mind-body exercises aimed at improv-
ing sleep quality in this patient population. Furthermore, fu-
ture investigations should incorporate objective measurement
tools such as actigraphy or polysomnography in conjunction
with self-reported questionnaires to achieve a more thorough
evaluation of sleep quality. Such progress in research method-
ology will help refine our understanding and guide the devel-
opment of more effective interventions to improve sleep qual-
ity in individuals with diabetes mellitus.
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