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Research Paper

The Effectiveness of Aerobic Exercise With or Without 
Mindfulness on Fasting Blood Sugar, Hemoglobin 
A1C, and Depression Levels in Women With Type 2 
Diabetes 

Purpose: This study aimed to evaluate the effect of aerobic exercise combined with mindfulness 
on fasting blood sugar, hemoglobin A1C (HbA1C), and depression among women with type 
2diabetes (T2D).

Methods: A quasi-experimental design featuring a pre-test, post-test, and three-month follow-
up was used in the present study. Women with T2D who were referred to Dr. Sasan Sharghi 
Diabetes Center in Karaj City, Iran, in 2023 were recruited for this study. Sixty participants 
were randomly allocated to four groups. In addition to standard medical treatment, the aerobic 
exercise group underwent 12 weeks of exercise, the mindfulness group received 12 mindfulness 
sessions, and the combined group participated in both 12 mindfulness sessions and 36 aerobic 
exercise sessions. The control group received only medical treatment. All groups completed the 
Beck Depression Inventory, and fasting blood sugar and HbA1C levels were measured during 
follow-up. Data were analyzed using repeated-measures analysis of variance (ANOVA) and the 
Bonferroni post hoc test.

Results: The results revealed significant differences in the effectiveness of aerobic exercise 
compared to the combined intervention (P=0.003) and between mindfulness therapy and the 
combined intervention (P=0.015) in reducing fasting blood sugar, HbA1C, and depression levels. 
However, no statistically significant differences were observed between the effects of aerobic 
exercise and mindfulness therapy alone on fasting blood sugar, HbA1C, and depression levels. 

Conclusion: Aerobic exercise combined with mindfulness therapy had an ideal therapeutic 
impact on decreasing fasting blood sugar, HbA1C, and depression levels among T2D women. 
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Introduction

iabetes is the most common cause of death 
worldwide. The prevalence and incidence 
of type 2 diabetes (T2D) increased by 
24.3% worldwide between 1990 and 
2021. By 2050, it is projected that 1.31 
billion people will have T2D [1]. In Iran, 

the prevalence of diabetes is relatively high, with 15% 
of the adult population affected and over 25% in the 
pre-diabetes stage [2]. To avoid acute complications and 
lower the risk of long-term diabetes-related complica-
tions, multifaceted treatments are required [3]. Regard-
less of the patient’s age, suitable and applicable manage-
ment methods that engage patients in managing their 
disease can help improve their health and quality of life 
by controlling glycated hemoglobin A1C (HbA1C) lev-
els [4]. Information and health education alone may be 
insufficient for many individuals to achieve permanent 
changes. While the benefits of proven pharmacological 
treatments are established, there is an increasing interest 
in complementary and alternative medicine, especially 
in mind-body interventions [5]. Due to its psychological 
benefits, mindfulness, which originated in ancient Bud-
dhist traditions, has become increasingly integrated into 
contemporary medical practices [3]. Meditation-based 
interventions have shown positive effects in managing 
stress and diabetes by modulating neuro-humoral mech-

anisms [6]. Researchers have demonstrated increased 
interest in how mindfulness interventions can be effec-
tive in managing blood sugar levels and improving the 
mental wellbeing of people with diabetes [7]. The simul-
taneous presence of psychological and physical diseases 
presents a major challenge to global healthcare. Depres-
sion is twice as prevalent in individuals with diabetes as 
in those without diabetes. The presence of depression in 
individuals with diabetic also leads to poor diabetes man-
agement [8]. Mental health issues, such as depression 
can exacerbate diabetes by affecting how individuals 
think, their adherence to treatment, and their practice of 
self-care. Conversely, diabetes can worsen mental health 
problems. Fortunately, if one improves, the other tends to 
improve as well [9]. Recent neuroimaging studies have 
demonstrated that a range of contemplative practices, in-
cluding mindfulness meditation, are related to changes 
in the patterns of communication between the main brain 
networks traditionally associated with various cognitive 
functions, including attention, self-processing, rumina-
tion, and insight, thereby improving depression [10]. 
Mindfulness can foster long-term adherence to exercise 
and motivation for diabetes management by focusing on 
the mind-body relationship and observing current expe-
riences in a non-judgmental and non-evaluative manner, 
which in turn can help reduce depression and blood sugar 
levels [11]. Care guidelines presented by both mindful-
ness experts and healthcare professionals can effectively 

D

Highlights 

• The global prevalence of diabetes is rising. 

• The comorbidity of diabetes and depression adds complexity to disease management because the outcomes of both 
diseases worsen each other. 

• The addition of psychological interventions, such as mindfulness training, to aerobic exercise can better control 
fasting blood sugar, HbA1C, and depression levels in individuals with diabetes.

Plain Language Summary 

Diabetes is a chronic condition requiring extremely careful management, such as a therapeutic diet and exercise. 
The comorbidity of depression and diabetes is a common cause of the complexity of a patient’s clinical condition. 
Lack of motivation, which is problematic in the strict management of diabetes, is a common symptom of depression. 
The focus of new studies is on finding ways to improve psychological problems and increase patients’ motivation 
to perform and continue exercising and follow medical orders. Among the psychological treatments, mindfulness 
has attracted special attention due to its focus on the thought patterns and emotions of individuals, which can play 
a crucial role in controlling diabetes. Adding mindfulness training to exercise, by focusing on the relationship 
between mind and body, and carefully observing the current experience in a non-judgmental and non-evaluative 
way, can improve depression. Finally, it leads to controlling negative thoughts and improving glucose levels in 
individuals with diabetes.
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alleviate the distress and depression of patients, leading 
to an increase in their self-care abilities. Mindfulness is 
proposed as a low-cost psychological therapeutic inter-
vention with lasting benefits, reinforcing therapeutic ef-
fects, and reducing medical costs [12]. One of the most 
crucial recommendations for treating diabetes is regular 
exercise and an active lifestyle. Despite the awareness 
of the beneficial role of exercise in diabetes, adherence 
to exercise regimens among patients is often low [13]. 
People who master mindfulness learn how to deal with 
intrusive negative thoughts and cultivate a present-mo-
ment awareness. With the help of mindfulness, people 
can keep the motivational engine running for exercising 
and managing diabetes, and become aware of the feel-
ings that cause frustration in continuing their treatment. 
Incorporating mindfulness exercises into physical activ-
ity increases patients’ willingness to engage in physical 
activity and enhances their awareness of bodily sensa-
tions during exercise [14]. Glucose and cortisol levels 
in women with T2D can be better managed by mindful-
ness, combined with aerobic exercise [15]. Mindfulness 
through focused attention and mind-body awareness 
can promote the sustainable exercise regimens [16]. In 
terms of sex, the risk of both cardiovascular diseases and 
mortality in females with diabetes is higher than that in 
males. Therefore, understanding the types of interven-
tions that may increase diabetes diagnosis, especially 
in T2D women, can help reduce gender inequalities in 
diabetes [17].

While the effects of each of the interventions, exercise 
and mindfulness, on diabetes have been widely studied, 
fewer studies have investigated the effect of combining 
aerobic exercise with mindfulness therapy. Therefore, 
new interventions are needed that not only facilitate suc-
cessful behavior change in physical activity but also ad-
dress barriers that typically affect the performance and 
adherence to exercise. Accordingly, the present study 
aimed to examine the effectiveness of aerobic exercise, 
with and without mindfulness, on fasting blood sugar, 
HbA1C, and depression levels in women with T2D.

Materials and Methods

A pre- and post-test quasi-experimental research de-
sign with a three-month follow-up, involving three ex-
perimental groups and one control group was used in 
this study. The study population consisted of all women 
with T2D who visited Sasan Sharghi’s diabetes center 
in Karaj City in 2023. Since it is recommended that ex-
perimental studies have at least 15 participants per group 
[18], the sample size was determined to be 60 (15 par-
ticipants in each group) [15]. We had to use the sampling 

method available at one of the diabetes centers, which is 
one of the study’s limitations. The participants were ran-
domly allocated to four groups using a random number 
generator: Three experimental groups (n=15 participants 
per group) and one control group (n=15). The aerobic 
exercise group included 15 individuals who received 
aerobic exercise training in addition to their medical 
treatment. The second group, consisting of 15 partici-
pants, underwent mindfulness treatment, while the third 
group (n=15) engaged in aerobic exercise three times a 
week and mindfulness training once a week. The control 
group received only medical treatments. The inclusion 
criteria included women with T2D aged 45-60 years 
who could perform moderate-intensity aerobic exercise, 
without other chronic diseases, and no involvement in 
any auxiliary or comprehensive therapeutic approaches 
before or during the study. Additionally, participants 
were required to have no psychiatric disorders or psy-
chological or psychiatric interventions in the past year. 
Additionally, participants should not have severe osteo-
porosis or other exercise restrictions and should not have 
participated in systematic aerobic exercises or mindful-
ness practices prior to joining the group. The exclusion 
criteria were missing two or more regularly scheduled 
therapy sessions, failure to complete assigned tasks, and 
lack of willingness to continue treatment. Many other 
factors, such as nutrition, economic and cultural issues, 
and the type of drugs used, affect blood sugar, but we 
could not control them in this study. Ethical consider-
ations for the current study included obtaining written 
informed and voluntary consent, the right to withdraw 
from the study, maintaining confidentiality, avoiding 
harm, non-discrimination, and non-exploitation. All 
participants provided an informed consent to participate 
in the study. Repeated measures analysis of variance 
(ANOVA) and Bonferroni post hoc tests were used to 
analyze the data. All statistical analyses were performed 
using SPSS software, version 26.

Intervention

Beck depression inventory (BDI-II)

The BDI was first developed by Beck et al. [19]. In 
1996, Beck and his associates made significant revisions. 
This questionnaire consists of 21 items designed to assess 
both the feedback and symptoms or signs of depression 
in patients. Respondents were required to use a four-point 
Likert scale, ranging from zero to three. The items cover 
areas, such as sadness, pessimism, sense of failure, guilt, 
insomnia, loss of appetite, and self-dislike. Thus, this 
scale measures the severity of depression in individuals, 
encompassing a range of symptoms from mild to very 
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severe, with a scoring range from a minimum of zero to 
a maximum of 63 [19]. By summing the scores for each 
item, an individual’s total score is obtained directly. The 
internal consistency of BDI-2 has been reported to be 
between 0.73 and 0.92, with an average of 0.86; the α 
coefficient is 0.86 for patients and 0.8 for controls [20]. 
In a study conducted by Hamidi et al., the intra-class 
correlation coefficient was calculated to be 0.81. The 
internal consistency of the test was 0.93 and 0.64 using 
Cronbach’s α and split-half methods, respectively. In a 
convergent validity assessment, the Beck questionnaire 
demonstrated a correlation of 0.80 with the total score on 
the GHQ-28. The internal consistency of this question-
naire in the present study was calculated at 0.86 [20].

Mindfulness intervention

Two authors were present in each intervention session. 
After practicing the techniques and assigning tasks for 
the next session, they monitored the completion of tasks 
from the previous session. Obstacles to completing the 
tasks were identified and a solution was taught, ensuring 
task completion (Table 1).

Aerobic exercise

Summary of aerobic exercise intervention based on the 
Cooper protocol [23]: 

Each aerobic exercise session lasted 30 minutes (three 
times a week for 12 weeks). The participants performed 
a 10-minute warm-up (such as light jogging, combined 
hand and foot movements, and stretching), followed 

by 15 minutes of the main exercise. The main exercise 
involved walking, which gradually increased in inten-
sity and ended with running. Each session ended with a 
5-minute cool-down to return to a resting state. During 
aerobic exercises, participants were encouraged to walk 
and incorporate hand and foot movements as needed 
throughout the session when they became fatigued. Giv-
en the participants’ lack of regular exercise and poor fit-
ness, the first two weeks focused on brisk walking (with 
a heart rate intensity of approximately 60% of maximum 
heart rate for 20-25 minutes). The exercise intensity and 
duration were gradually increased each week. A doctoral 
student in physical education used a heart rate monitor to 
display heart rate and measure the target intensity of 60%. 
In this study, we calculated the intensity of approximately 
60% of the maximum heart rate using a heart rate display 
watch with the help of two physical education students.

Procedure 

Necessary permissions were obtained to conduct this 
study on women with T2D. First, the participants were 
contacted and invited to participate. Next, they were in-
formed about the research, its objectives, and the pub-
lication of results. Eligible participants then completed 
the self-reporting tools. Finally, data were collected once 
the self-reporting tools were completed. Upon their visit, 
patients were provided with additional explanations re-
garding the research, its objectives, and how the results 
would be published. The BDI-II, fasting blood sugar, 
and HbA1C levels were measured in both the control 
and intervention groups, before, immediately after, and 
three months after the intervention.

Table 1. A Summary of the mindfulness intervention process [21, 22]

Sessions Contents 

1 A brief overview of 8 sessions, including the therapeutic relationship, definition and connection between mind and body, body scan 
practice, discussion of issues related to diabetes management, and homework assignments.

2 Discussion of obstacles to completing assignments, such as wandering thoughts, and ways to improve focus. Application of mindfulness 
in eating and activities, acceptance of challenges, examination of thoughts related to diabetes, and homework assignments.

3 Being kind to oneself, focusing on the present moment, sharing joy, and practicing smiling. Eating raisins mindfully, practicing mindful 
seeing and hearing, and completing homework assignments. 

4 Identifying feelings, thoughts, and beliefs; practicing meditation with a focus on breathing; learning to accept and allow thoughts to 
pass. 

5 Recognizing unhelpful and distressing thoughts; discussing challenges related to practicing mindfulness in exercise; practicing release 
from negative emotions, and completing homework assignments. 

6 Being present rather than reactive; discussing how thoughts are not the same as reality; focusing on breath, thoughts, body, and mood; 
teaching positive psychology; enjoying the moment, and completing homework assignments. 

7 Examining physical issues, learning to combat negative automatic thoughts, and completing homework assignments. 

8 Exploring the best ways to practice self-care, being flexible, enjoying life, and reviewing homework assignments. 

9-12 Focusing on maintaining techniques, assessing participants’ self-confidence, and discussing final expectations.
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Results

Table 2 presents the ages and education levels of the 
participants. 

Table 2 presents both the Mean±SD of the participants’ 
age. The one-way ANOVA test results indicated that 
no statistically significant difference was found among 
the four groups in terms of age mean. The frequency of 
participants’ education levels is observed in the Table 2, 
and the Fisher’s exact test results showed no statistically 
significant difference among the groups in terms of edu-
cation levels.

Table 3 presents the Mean±SD of fasting blood sugar 
and depression levels among the four groups in the pre-
test, post-test, and follow-up phases. 

As shown in Table 3, the mean values of the research 
variables (including fasting blood sugar, HbA1C, and 
depression levels) were lower in the intervention groups 
compared to the controls in both the post-test and follow-
up phases. In contrast, no similar changes were observed 
in the controls during these phases.

Table 2. Mean age and education level of participants

Statistics and Signifi-
cance Level

Mean±SD/ No.

Variables
Control 
Group 

Exercise/Mindful-
ness Combination 

Group

Mindfulness 
Group

Aerobic Exercise 
Group 

F=0.17, P=0.9855.60±3.7255.47±4.1956.47±3.0156.20±4.41Age (y)

χ2 (2)=3.15, P=0.840

1111128High school diploma and 
below

Education level 2223Associate degree 

2214Bachelor’s degree or higher

Table 3. Mean values of fasting blood Sugar, HbA1C, and depression levels of the study participants in pre-test, post-test, and 
follow-up phases

Variables Groups
Mean±SD

Pre-test Phase Post-test Phase Follow-up Phase

Fasting blood 
sugar (mg/dl)

Aerobic exercise 147.00±14.29 133.07±12.41 140.73±11.63

Mindfulness 153.40±11.08 130.40±11.81 136.33±12.37

Exercise/mindfulness combination 150.27±14.11 117.13±11.33 120.20±14.93

Control 149.73±13.70 151.13±15.41 152.07±10.44

Hmoglobin A1C 
(%)

Aerobic exercise 7.42±0.72 6.20±0.63 6.53±0.76

Mindfulness 7.42±0.72 6.51±0.61 6.75±0.76

Exercise/mindfulness combination 7.23±0.85 5.39±0.77 5.51±0.78

Control 7.92±0.62 7.32±0.92 7.36±0.75

Depression 

Aerobic exercise 21.40±3.70 17.20±3.14 19.53±3.76

Mindfulness 24.27±3.88 15.53±3.04 17.07±4.08

Exercise/mindfulness combination 22.07±3.75 13.00±2.88 14.00±3.16

Control 21.73±3.19 21.80±3.01 21.67±3.48
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The assumptions of repeated measures ANOVA were 
assessed before testing the research hypotheses. The 
assumption of normal distribution of the data was as-
sessed using the Shapiro-Wilk test, suggesting that the 
data were normally distributed. Mauchly’s test was 
employed to assess the assumption of equality of the 
covariance matrices of the dependent variables. The 
results confirmed that this assumption was also met 
(P>0.05). The sphericity or equality of the error covari-
ance matrix was evaluated using Mauchly’s test. The 
chi-square value obtained from Mauchly’s test for fast-
ing blood sugar levels was P=0.005, for HbA1C levels 
was P=0.001, and for depression was P=0.672. Since 
the sphericity assumption was not met for fasting blood 
sugar levels, the degrees of freedom for the variables 
were adjusted using the Greenhouse-Geisser method.

Table 4 presents the results obtained from the multi-
variate analysis of the effectiveness of aerobic exercise 
with and without mindfulness on fasting blood sugar, 
HbA1C, and depression levels.

As shown in Table 4, aerobic exercise with and 
without mindfulness had a significant effect on fast-
ing blood sugar (Wilks’ Lambda=0.440, η²=0.336, 

P=0.001, F=9.30), HbA1C (Wilks’ Lambda=0.419, 
η²=0.353, P=0.001, F=10.03), and depression levels 
(Wilks’ Lambda=0.482, η²=0.305, P=0.001, F=8.06).

Table 5 presents the results of the repeated-mea-
sures ANOVA assessing the effect of aerobic exercise 
with and without mindfulness on fasting blood sugar, 
HbA1C, and depression levels. 

Table 5 shows that the interaction effect of group×time 
on fasting blood sugar (η²=0.410, P=0.001, F=13.00), 
and HbA1C levels (η²=0.471, P=0.001, F=16.61), and 
depression (η²=0.323, P=0.001, F=8.93) was significant. 
These findings revealed that the independent variables 
had a significant effect on fasting blood sugar, HbA1C, 
and depression levels. Table 6 presents the results ob-
tained from the Bonferroni post hoc test, comparing the 
mean scores of fasting blood sugar, HbA1C, and depres-
sion levels among the four groups across three phases. 

As shown in Table 6, the Bonferroni test results demon-
strated statistically significant difference between the ef-
fects of aerobic exercise and aerobic exercise combined 
with mindfulness therapy (P=0.036), as well as between 
mindfulness and aerobic exercise combined with mindful-

Table 4. The results of the multivariate analysis evaluating the effect of the independent variables on dependent variables

Components Wilks’ Lambda F df P η² Power of Test

Fasting blood sugar 0.440 9.30 6 , 110 0.001 0.336 1.00

HbA1C 0.419 10.03  6 , 110 0.001 0.353 1.00

Depression 0.482 8.06 6 , 110 0.001 0.305 1.00

Table 5. The results of the repeated measures ANOVA assessing the effects of independent variables on dependent variables

Variables Effects Sum of Squares Sum of Squares Error F P η²

Fasting blood sugar

Group effect 10672.12 18901.35 10.54 0.001 0.361

Time effect 4889.63 6264.10 43.71 0.001 0.437

Group×time interaction effect 6295.03 9141.07 13.00 0.001 0.410

HbA1C

Group effect 26.83 52.06 9.61 0.001 0.340

Time effect 26.70 26.92 55.53 0.001 0.498

Group×time interaction effect 34.20 38.43 16.61 0.001 0.471

Depression 

Group effect 655.39 853.60 14.33 0.001 0.434

Time effect 554.70 585.14 53.10 0.001 0.487

Group×time interaction effect 527.52 1103.33 8.93 0.001 0.323
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Table 6. The results of the Bonferroni post hoc test for fasting blood sugar, HbA1C, and depression levels

Dependent Variables Time Mean Difference Standard Error P

Fasting blood sugar 
(mg/dl)

Pre-test Post-test 17.18 2.59 0.001

Pre-test Follow-up 12.77 1.93 0.001

Pre-test Follow-up -4.42 2.87 0.113

HbA1C (%)

Pre-test Post-test 1.17 0.14 0.001

Pre-test Follow-up 0.94 0.11 0.001

Pre-test Follow-up -0.22 0.13 0.098

Depression level 

Pre-test Post-test 5.48 0.54 0.001

Pre-test Follow-up 4.30 0.59 0.001

Pre-test Follow-up 1.18 0.59 0.149

Fasting blood sugar 
(mg/dl)

Aerobic exercise Mindfulness 0.20 3.87 1.00

Aerobic exercise Exercise/mindfulness 
combination 11.04 3.87 0.036

Aerobic exercise Control -10.73 3.87 0.045

Mindfulness Exercise/mindfulness 
combination 10.84 3.87 0.042

Mindfulness Control -10.93 3.87 0.039

Exercise/mindfulness 
combination Control -21.78 3.87 0.001

HbA1C (%)

Aerobic exercise Mindfulness -0.18 0.20 1.00

Aerobic exercise Exercise/mindfulness 
combination 0.39 0.20 0.374

Aerobic exercise Control -0.69 0.20 0.001

Mindfulness Exercise/mindfulness 
combination 0.56 0.20 0.045

Mindfulness Control -0.51 0.20 0.091

Exercise/mindfulness 
combination Control -1.07 0.20 0.001

Depression

Aerobic exercise Mindfulness 0.42 0.82 1.00

Aerobic exercise Exercise/mindfulness 
combination 3.02 0.82 0.003

Aerobic exercise Control -2.36 0.82 0.035

Mindfulness Exercise/mindfulness 
combination 2.60 0.82 0.015

Mindfulness Control -2.78 0.82 0.008

Exercise/mindfulness 
combination Control -5.38 0.82 0.001
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ness (P=0.042) on fasting blood sugar levels. Specifically, 
the combination of aerobic exercise and mindfulness sig-
nificantly reduced fasting blood sugar levels in participants 
compared to either aerobic exercise alone or mindfulness 
alone. No statistically significant differences were observed 
between the effects of aerobic exercise and mindfulness 
alone on fasting blood sugar levels. Therefore, it can be 
concluded that aerobic exercise combined with mindful-
ness is more effective in reducing fasting blood sugar levels 
in women with T2D compared to either aerobic exercise or 
mindfulness alone.

As shown in Table 6, no statistically significant difference 
was observed in the effects of aerobic exercise and the com-
bination of aerobic exercise and mindfulness on HbA1c 
levels, as well as between the effects of aerobic exercise and 
mindfulness treatment alone on HbA1c levels. However, a 
significant difference was observed between mindfulness 
and the combination of aerobic exercise and mindfulness 
(P=0.045), showing a greater reduction in HbA1c levels 

compared to mindfulness alone. Thus, it can be concluded 
that the combination of aerobic exercise and mindfulness 
was more effective in reducing HbA1c levels in women 
with T2D than mindfulness intervention alone.

As shown in Table 6, significant differences were ob-
served in the effects of aerobic exercise and the combina-
tion of aerobic exercise and mindfulness (P=0.003) and 
between mindfulness and the combination of aerobic ex-
ercise and mindfulness (P=0.015) on depression. Aerobic 
exercise combined with mindfulness led to a greater reduc-
tion in depression in participants compared to either aerobic 
exercise or mindfulness alone. No statistically significant 
differences were observed between the effects of aerobic 
exercise alone and mindfulness alone on depression. There-
fore, it can be concluded that the combination of aerobic 
exercise and mindfulness was more effective in reducing 
depression in women with T2D than either aerobic exercise 
or mindfulness alone (Figure 1, 2 and 3).

Figure 1. Fasting blood sugar levels in the study groups during three measurement stages

Figure 2. Charts depicting HbA1C levels in the study groups during three measurement stages
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Figure 3. Charts depicting depression score in the study groups across three measurement stages

Discussion

The results demonstrated that the combination of aero-
bic exercise and mindfulness therapy was more effective 
in reducing fasting blood sugar, HbA1C, and depression 
levels in patients with diabetes.

These findings align with those reported by Obaya et al. 
[15] and Vencatachellum et al. [16]. Following stress and 
depression, the sympathetic nervous system becomes 
overactive, resulting in increased levels of hormones 
from the hypothalamic-pituitary-adrenal (HPA) axis, 
subsequently raising the cortisol levels. This hormonal 
surge disrupts insulin regulation and stimulates gluco-
neogenesis, resulting in decreased insulin levels. Dis-
rupting insulin signaling affects the neurotransmission of 
serotonin, dopamine, and norepinephrine, leading to el-
evated blood sugar levels [24]. The relationship between 
diabetes and depression is bidirectional, with diabetes 
increasing the risk of depression and vice versa. Psycho-
logical stress is considered a significant factor contribut-
ing to the pathogenesis, leading to disruption of the HPA 
axis, elevated cortisol levels, and impaired neurotrans-
mission of serotonin and dopamine. Such dysregulations 
interfere with physiological processes, such as sleep, the 
gut-brain axis, metabolism, and mood stability. Coping 
mechanisms related to behavior, such as an unhealthy 
diet, can also increase blood sugar levels and exacerbate 
diabetes. Furthermore, the presence of diabetes, along 
with care challenges and disease complications, intensi-
fies stress and depression [25]. Exercise alleviates de-
pressive symptoms by regulating the activity of the HPA 
axis, increasing neurogenesis, reducing pro-inflammato-
ry cytokines, and improving cardiovascular fitness. Ad-
ditionally, aerobic exercise enhances insulin sensitivity 

and mitochondrial function [26]. High-intensity aerobic 
exercise for seven days may improve blood sugar levels 
without body weight loss by increasing insulin-stimulat-
ed glucose disposal and suppressing hepatic glucose pro-
duction [27]. Increased self-efficacy is one of the most 
recognized psychological mechanisms used to assess the 
relationship between exercise and depression. Utilizing 
exercise to regulate emotions may contribute to a de-
crease in depressive symptoms. Exercise can decrease 
negative mood states and enhance positive moods. Be-
havioral activation is a therapeutic process that involves 
structured efforts to promote health-oriented behaviors, 
positive thoughts, and moods, thereby improving qual-
ity of life [28]. The results demonstrated that aerobic 
exercise combined with mindfulness therapy was more 
effective in reducing fasting blood sugar and HbA1c lev-
els. These findings are consistent with those of Singh et 
al. [29], Hamasaki [30], and Donyaei et al. [26]. There is 
growing evidence showing that mindfulness can play a 
crucial role in physical health, including blood sugar con-
trol, by regulating the autonomic nervous system and the 
HPA axis, and decreasing pro-inflammatory cytokines 
[30]. Furthermore, mindfulness practice may promote 
heart and blood vessel health via producing adiponectin 
and endothelial nitric oxide, and exerting anti-inflamma-
tory effects on interleukin-6 and tumor necrosis factor. 
Epigenetic changes associated with both glucose me-
tabolism and inflammation, such as DNA methylation, 
are induced by mindfulness-based interventions [31]. 
Different brain areas (including large-scale neural net-
works in the cortex, subcortical gray and white matter, 
cerebellum, and brainstem) are influenced by mindful-
ness. Several cross-sectional and short-term longitudinal 
studies using MRI have reported functional and struc-
tural changes in the brain. Neuroplasticity changes have 
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been reported in the polar frontal cortex, sensory cortex, 
anterior cingulate cortex, middle cingulate cortex, orbi-
tofrontal cortex, insula, superior longitudinal fasciculus, 
corpus callosum, hippocampus, and temporal-parietal 
connectivity when using both meditation and mindful-
ness practices. Reported neuroplasticity changes include 
higher activation of specific areas and lower activation 
of others, as well as increased cortical thickness, density, 
and gray matter volume. Some neuroplasticity changes 
induced by mindfulness are related to increased atten-
tion regulation, emotional regulation, and self-awareness 
[32]. Overall, the integration of mindfulness and physi-
cal activity in diabetes management has shown promise, 
leading to improved psychological well-being, increased 
engagement in physical activity, greater attention to dis-
ease management, as well as enhanced blood glucose 
control [33]. Based on the discussed points, it can be 
concluded that the combination of aerobic exercise and 
mindfulness may be more effective in reducing fasting 
blood sugar, HbA1c, and depression levels in patients 
with T2D than either intervention alone, and this effec-
tiveness may also be more sustained. Despite these limi-
tations, our findings demonstrate the clinical importance 
of mindfulness in diabetes management. To confirm the 
findings of this study, similar studies with longer follow-
up are suggested. 

Conclusion

This study aimed to investigate the effects of aerobic 
exercise with and without mindfulness on fasting blood 
sugar, HbA1c, and depression levels in women with 
T2D. The results demonstrated that aerobic exercise 
combined with mindfulness therapy was more effective 
in reducing fasting blood sugar, HbA1c, and depression 
levels among T2D patients.

Limitation

This study had some limitations. This study was con-
ducted only on women and cannot be generalized to 
men. Due to the focus on integrating mindfulness with 
physical activity, other factors contributing to diabetes 
prevention, such as nutrition, economic-cultural issues, 
and the type of drugs used, may not have been fully 
addressed. We did not measure inflammatory factors, 
such as cortisol and interleukin-6, which can improve 
after mindfulness. This study has limitations due to its 
small sample size and short duration, which may affect 
the accuracy of the results. We had to use convenience 
sampling in one of the diabetes centers. We will conduct 
multi-center and large-sample studies for mindfulness-
based interventions. 

Recommendations

A long-term study and follow-up with a larger sample 
size, including both genders in different diabetic popula-
tions, is suggested. In this case, it would be wiser to gen-
eralize the results to a larger population. Therefore, we 
suggest examining inflammatory factors, such as corti-
sol and interleukin-6, before and after treatment. We sug-
gest that physicians explain to patients the importance 
of managing intrusive thoughts in the hopelessness and 
depression caused by diabetes and recommend that they 
use mindfulness techniques during medical treatment.
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