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Introduction

Abstract

Purpose: The current study hoped to explore the optimal exer-
cise modality for overweight or obese patients with type 2 diabetes
mellitus combined with depression in conjunction with salivary cor-
tisol monitoring. The goal was to improve patients’ general well-be-
ing through exercise, promote weight loss, and better control blood
glucose levels.

Method: Patients (BMI>25kg/m2) with T2DM aged between 65
and 75 years were recruited into the study if Hamilton Depression
Rating Scale 17 (HDRS-17) score was>8. Participants were randomly
assigned to four groups: a control group, an aerobic group (AEX), a
resistance exercise group (REX), and a combination exercise group
(COMB), which took place 3x/week for 12 weeks. Primary outcome
was depression severity as assessed with the HDRS-17, BDI and
PSDQ. FBG and HbA1lc were assessed as secondary outcomes.

Result: The severity of depressive symptoms was significantly
reduced in all exercise intervention groups during the treatment
period. The time vs. group interaction for HDRS -17 and BDI was sig-
nificant in all three exercise intervention groups. However, only the
time-to-group interaction for the mean PSDQ endurance subscale
was significantly different in the REX and COMB groups compared
to the CON group. All exercise groups experienced significant reduc-
tions in FBG levels (p<0.05), with the COMB group showing the larg-
est decrease (-1.4+0.6 mmol/l).

Conclusion: Therefore, adopting a lifestyle that combines aero-
bic and resistance exercise is a recommended health strategy for
overweight or obese patients with T2DM combined with depres-
sion.

Keywords: type 2 diabetes mellitus; Exercise; Depression; Obese;
Hypothalamic-pituitary-adrenal (HPA) axis

Individuals with Type 2 Diabetes Mellitus (T2DM) have twice
the risk of depression as non-diabetics. This may be due to the
physical and psychological stresses associated with T2DM, such
as long-term blood glucose management, possible complica-
tions, and impact on quality of life [1,2]. Similarly, people with
depression have an increased risk of developing T2DM, about
1.5 times that of the general population [3]. This may be be-
cause people with depression tend to have poor lifestyle habits,
such as lack of exercise, unhealthy eating habits, and sleep dis-

orders, all of which may increase the risk of developing T2DM
[4]. For patients with both T2DM and depression, a comprehen-
sive management strategy is needed, including pharmacother-
apy, psychotherapy, and lifestyle interventions. These should
aim to control blood glucose levels and improve mental health
simultaneously. Obesity and lack of physical activity are com-
mon risk factors for T2DM and depression [5]. Overweight and
obese contribute to the development of cardiovascular disease,
cancer, T2DM, hypertension, dyslipidemia, and mental health
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disorders, which often stem from sedentary lifestyles and ex-
cessive energy intake [6,7]. A common mechanism for these
problems may be that hyperactivation of the HPA axis and sym-
pathetic nervous system overreaction are common in T2DM,
depression, and cognitive dysfunction. Chronically elevated
cortisol levels (hypercortisolism) further increase the risk of
metabolic syndrome, which is characterized by central obesity,
excessive accumulation of abdominal fat, and insulin resistance
[8]. Elevated cortisol levels also increase the risk of diabetes
[9]. This set of problems creates a vicious cycle that makes it
more difficult for people with depression to adhere to health-
ful behaviors such as healthy eating and exercise, which further
increases the risk of developing diabetes. Therefore, Exercise is
considered an important component of lifestyle management
for overweight or obese patients with type 2 diabetes mel-
litus combined with depression, as it can help improve blood
sugar control, reduce body weight, increase insulin sensitivity,
and improve cardiovascular health. Combined exercise, specifi-
cally aerobic and resistance exercise, is often recommended for
T2DM patients [10].

However, studies on the efficacy of different exercises on de-
pression have reached different conclusions [11]. Future studies
should further explore the specific effects of different exercise
types, intensities, and durations on patients with depression
and the relationship between these changes and the relief of
depressive symptoms. Attention should also be paid to individ-
ual differences to develop personalized exercise prescriptions
for different patients.

Physical activity, especially targeting the Hypothalamic-Pitu-
itary-Adrenal (HPA) axis regulation, has been widely recognized
as one of the important non-pharmacological interventions to
promote physical and mental health [12] [13]. According to ex-
isting health guidelines, at least 150 minutes of moderate to
vigorous aerobic exercise per week is highly recommended for
adults with diabetes. These forms of exercise can be varied to
meet the interests and needs of different patients, such as brisk
walking, bicycling, swimming or dancing [14].

Tai Chi, a physical and mental workout that originated in Chi-
na and has become popular worldwide, offers an ideal workout
option for people of all ages with its low to moderate inten-
sity. For people with T2DM, Tai Chi demonstrates unique health
benefits [15]. In several dimensions regarding health benefits,
Tai Chi demonstrates similarities with common exercise modali-
ties. In addition, Tai Chi improves self-perceived health, helping
patients develop a more positive attitude toward life and health
[16].

Much of the past research has focused on the effects of
aerobic exercise training on depressive symptoms, while resis-
tance exercise training has received relatively little research in
this area. However, research in recent years has begun to reveal
the potential benefits of resistance exercise training on mental
health, including depressive symptoms [17,18]. Recent meta-
analyses have shown that resistance exercise training (REX) sig-
nificantly reduces depressive symptoms in healthy adults and
clinically depressed patients [19].

The current study hoped to explore the optimal exercise
modality for overweight or obese patients with type 2 diabetes
mellitus combined with depression in conjunction with salivary
cortisol monitoring. The goal was to improve patients' general
well-being through exercise, promote weight loss, and better
control blood glucose levels.

Methods
Study Participants

One hundred adults with T2DM who were sufficiently active
and physically fit were recruited (age 65-75 years, BMI>25kg/
m2). Inclusion criteria were defined as any patient with a mild
to moderate depressive episode scoring at least eight on the
17-item Hamilton Depression Scale (HDRS17; 8 points repre-
sent mild depression severity) [20]. Patients were randomized
to 12 weeks of four groups: a control group, an aerobic group
(AEX), a resistance exercise group (REX), and a combination ex-
ercise group (COMB).

The exclusion criteria included: (a) Presence of a somatic
condition that does not permit regular physical activity (AE). (b)
Body mass index (BMI) = 35 kg/m?. (c) Being pregnant at base-
line. (d) Acute suicidal ideation. (d) Co-morbid severe mental
disorders. (e) Regular participation in high-intensity sports ac-
tivities.

All participants signed an informed consent, and the Institu-
tional Review Boards of all participating institutions approved
the study (2024-013-01).

Study Design
The intervention method was conducted as follows.

The control group received regular diabetes treatment, in-
cluding diet amendments, regular and balanced exercise, and
abstinence from smoking and alcohol. According to their indi-
vidual condition, metformin tablets or subcutaneous injections
of insulin aspartate were delivered to control blood sugar in the
required range. For participants with hypertension and hyper-
lipidemia, this was combined with valsartan, atorvastatin, and
other drugs to control blood pressure and blood lipid levels in
normal ranges. All depressed patients received standard treat-
ment, including medication, individual psychotherapy, and
group psychotherapy.

Each exercise intervention group attended exercise sessions
three times per week, lasting 60—90 minutes, with 15 minutes
of warm-up and cool-down included.

We standardized the aerobic exercise prescription based on
body weights of 41.8 (10) kilojoules (kcal) (COMB) and 50.2 (12)
kilojoules (kcal) (AER) kg body weight—1 week—1 of moderate
exercise. In the COMB group, participants were asked to com-
plete resistance training twice per week, consisting of one set
of strength-training maneuvers per set and 41.8 (10) kJ (kcal)
kg body weight-1 (week-1) burned through aerobic exercise.
Elastic band training exercises include chest clamps, deep Squat
Push-Ups, and elastic band standing lateral flexion.

We used the Borg Physical Exertion Scale to estimate partici-
pant fatigue and maintained the intensity of each exercise at a
level of 3-5. All exercise sessions were supervised by exercise
physiologists at our facility. During monthly visits, the control
group attended educational sessions about a healthy diet and
was asked not to participate in external weight loss or exercise
programs. Age, Gender, Smoking Status and Educational Back-
ground were usually recorded by means of semi-structured
clinical interviews. All patients underwent a thorough physical
examination including Electrocardiogram (ECG), Blood Pres-
sure (BP), resting heart rate, weight and height measurements.
Body Mass Index (BMI) is determined by the formula weight
(kg)/height (m)2. After the HDRS17 scores were completed by
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trained staff, all patients were asked to complete the 21-item
Beck Depression Inventory (BDI) scale [21] and return it the
same day or the next. The Physical Self-Description Question-
naire (PSDQ) assessed patients' exercise capacity, self-esteem,
and health [22].

In addition, we assessed the HDRS17, BDI, and PSDQ at weeks
4 and 8 (during the intervention) to detect dynamic changes in
depressive symptoms. Blood measurements included Fasting
Blood Glucose (FBG), fasting C-peptide, fasting insulin, glycosyl-
ated Hemoglobin (HbA1c), Total Cholesterol (TC), Triglycerides
(TG), Low-Density Lipoprotein Cholesterol (LDL-C) , Hhigh-Den-
sity Lipoprotein Cholesterol (HDL-C), Alanine Aminotransferase
(ALT), Aspartate Aminotransferase (AST), Uric Acid (UA), Creati-
nine (Cr), Urea Nitrogen (BUN).

Participants self-collected samples using a saliva collection
device in their homes at six-time points during the day: upon
waking, 15, 30, and 60 minutes after waking, at 12:00 noon,
and at 8:00 p.m.

Using the cortisol concentration values at these four time
points 0, 15, 30, and 60 min after awakening, the researchers
calculated the increase in cortisol in response to arousal (AUCi).
The AUCi reflects the change in cortisol concentration (either
an increase or a decrease) in response to arousal and thus is in-
dicative of the responsiveness and sensitivity of the HPA axis to
arousal as a stressor. To assess the total activity of the HPA axis
throughout the day, the investigators chose values of cortisol
concentration at three time points (at awakening, at noon, and
at 8:00 p.m.). They calculated the area under the curve (AUC)
for daytime cortisol. For the calculation of AUC, we used the
trapezoidal formula introduced by Pruessner et al [23].

Statistical Analysis

IBM SPSS 26.0 was applied for data processing. Measure-
ment data were described as the mean + standard deviation.
Counting data was described by frequency and percentage.
Multiple group comparisons were analyzed using Analysis of
Covariance (ANCOVA). Changes in baseline were treated as de-
pendent variables, while group, visit time, and the interaction
of group and visit time (group x visit) were treated as indepen-
dent effects. In addition, baseline values and sex were treated
as covariates. The comparison of the differences between the
groups was tested by the Tukey test. Differences were consid-
ered statistically significant at P<0.05.

Result

As shown in Tables 1 and 2, no significant differences were
found at baseline between participants assigned to either
the active experimental group or the active control group in
terms of the main study variables (including BDI, HDRS17, and
PSDQ scores), diagnosis, education, and smoking status. We
also achieved a balanced gender distribution (52% female in
the total sample). Before the trial, the two groups of subjects
were comparable on several important dimensions, providing a
solid basis for subsequent assessment of treatment effects. As
can be seen in Figure 1 and Table 2, the severity of depressive
symptoms was significantly reduced in all exercise intervention
groups during the treatment period. The time vs. group interac-
tion for HDRS -17 and BDI was significant in all three exercise in-
tervention groups. However, only the time-to-group interaction
for the mean PSDQ endurance subscale was significantly differ-
ent in the REX and COMB groups compared to the CON group.

Table 1: Baseline Characteristics of the Participants.

Characteristic | CON (n =25) AEX (n=25) REX (n=25) COMB (n=25)
Age, years 6417 6518 6615 656
Sex, number (%)

Male 12 (48) 10 (40) 15 (60) 11 (44)
Female 13 (52) 15 (60) 10 (40) 14 (56)
:::s:g:g(;t)atus’ 8(32) 5(20) 9(36) 6 (24)
Educational

background

Compulsor

schozl ! 6 2 4 >
High school 15 18 17 14
Higher education 4 5 4 6

Data are presented as mean + standard deviation.

Notes: CON = control; AEX = weight management and aerobic training; REX =
weight management and resistance training; COMB = weight management and
combined aerobic and resistance training.
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Figure 1: Notes. Scores of (A) BDI, (B) HDRS17 and (C) Mean PSDQ
endurance subscale over the intervention with different exercise
patterns.
Using two-way ANOVA: § p < 0.05 for the effect of time; 9 p < 0.05 for the
interaction between exercise and time. Using Tukey’s multiple comparison
test: *p < 0.05 for the difference between AEX and CON; # p < 0.05 for the
difference between REX and CON; ## p < 0.05 for the difference between
COMB and CON. Values are means + SEM.
CON = control exercise; AEX = weight management and aerobic train-
ing exercise; REX = weight management and resistance training exercise;
COMB = weight management and combined aerobic and resistance train-
ing exercise.
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Table 2: Biochemical in type 2 diabetic patients after intervention with different exercise patterns.

*
Outcome Variables CON AEX REX COoOMB G:)X:I—uTeime AEX vs REX vs AEX vs COMBvs | COMB vs

Interaction CON CON REX AEX REX
BDI
Baseline 27.8%9.2 28.3+8.5 28.8+8.0 29.2+9.4 0.015 0.021 0.011 0.24 <.001 <.001
Change at 12 weeks -3.5$3.8 -14.0+8.5% -12.8+7.1t | -17.9+10.1t
HDRS-17
Baseline 16.745.2 16.2+4.8 15.9+4.9 15.7+6.8 0.028 0.016 0.023 0.48 <.001 <.001
Change at 12 weeks -3.1+2.6 -9.845.81 -8.1+7.4% -10.5+6.8t
Mean PSDQ endurance subscale
Baseline 2.8+1.3 3.0£1.5 2.9%+1.3 2.7+1.2 0.62 0.39 0.036 <.001 <.001 0.031
Change at 12 weeks 0.210.1 0.210.2 0.810.67 1.3+0.3%
FBG (mmol/I)
Baseline 7.26+1.00 8.08+1.24 7.3241.13 7.68+0.81 0.033 <.001 <.001 0.16 0.14 0.27
Change at 12 weeks -0.240.3 -1.3+0.61 -1.0£0.4% -1.440.6%
HbA1C (%)
Baseline 8.27+1.22 8.58+0.95 8.14+1.27 8.63+0.97 <.001 0.12 0.27 0.71 0.016 0.026
Change at 12 weeks -0.2+0.2 -0.5+0.4% -0.310.2 -1.3+0.4%
HOMA-IR
Baseline 4.8+0.9 5.3+0.7 4.3+0.6 4.940.7 0.026 0.34 0.18 0.88 0.59 0.27
Change at 12 weeks -0.310.7 -0.610.6 -0.210.6 -0.910.6
BMI (kg/m2)
Baseline 25.9+5.7 26.6+4.4 25.1+6.0 26.0+6.3 0.37 0.02 <.001 0.48 0.27 0.51
Change at 12 weeks -1.5+3.3 -4.1+3.1% -5.3+1.7t -5.3+2.2%
Systolic BP (mmHg)
Baseline 125.9+4.0 121.54¢5.8 124.746.9 122.943.5 0.58 0.11 0.92 0.44 0.49 0.23
Change at 12 weeks -1.1+4.4 -2.5+2.0 2.613.1 1.743.2
Diastolic BP (mmHg)
Baseline 83.6%3.8 79.343.2 80.9%3.6 82.3+2.1 0.77 0.78 0.38 0.21 0.55 0.11
Change at 12 weeks 3.7+1.7 -3.310.9 -2.1+1.5 -1.9+1.2
Salivary cortisol
Mean CAR AUCi (nmol min/L)
Baseline 93.61+199.85 | 85.94+201.99 | 89.45+198.31 1 95.06+217.63 0.59 0.33 0.85 0.16 <.001 <.001
Change at 12 weeks -7.1+14.8 -9.6+20.9 -10.5+12.6 | -59.1+34.1t
Mean log AUCg (nmol h/L)
Baseline 1.75+0.13 1.69+0.20 1.77+0.19 1.78+0.21 0.73 0.52 0.21 0.64 0.74 0.81
Change at 12 weeks -0.22+0.08 | -0.17+0.03 -0.250.05 -0.300.04

Notes: BDI = Beck Depression Inventory; HDRS-17 = Hamilton Depression Scale 17; PSDQ = Physical self-description quationnaire; BMI = Body mass index; BP
= Blood pressure; HbA1C =glycated hemoglobin; FBG = fasting blood glucose; CON = control exercise; AEX = weight management and aerobic training exercise;
REX = weight management and resistance training exercise; COMB = weight management and combined aerobic and resistance training exercise; CAR = cortisol

awakening response; AUCi = area under the curve with respect to increase; AUCg =

area under the curve with respect to ground.

Plus-minus values for the change scores are the least-squares adjusted means + SE from the repeated-measures analyses of variance; plus—minus values for the

baseline values are the observed means + SE.

*p Values for the comparison among the groups of changes from baseline to 12 weeks were calculated with the use of ANCOVA (with baseline values and sex as
covariates). Secondary analyses included a comparison between the combination group and the control group.
tp < 0.05 for the comparison of the value at the follow-up time with the baseline value within the group, as calculated with the use of mixed-model repeated

measures analysis of variance.

The COMB group again demonstrated the most pronounced
improvement, with lower HDRS-17 and BDI scores compared to
both AEX and REX groups. Fig 1A and Fig 1B show that COMB
started to show a significant decrease in HDRS-17 and BDI
scores from week 4. Fig 1C shows a significant interaction be-
tween exercise modality and time (p < 0.05). This implies that
the trend over time was different for different exercise modali-
ties (AEX, REX, COMB); there was a statistically significant differ-
ence between REX, COMB, and CON starting at week 8.

All exercise groups experienced significant reductions in
FBG levels (p<0.05), with the COMB group showing the larg-
est decrease (-1.4+0.6 mmol/l). Significant HbA1C reductions
were observed in AEX, REX, and COMB groups (p<0.05), with
the COMB group achieving the greatest decline (-1.3£0.4%).
Only the AEX group significantly reduced HOMA-IR at 12 weeks
(p<0.05).

All exercise groups, except CON, significantly reduced BMI
(p<0.05), with REX and COMB groups achieving the largest
decreases (-5.3%#1.7 and -5.3+2.2 kg/m2, respectively). While
there were no significant changes in systolic BP across groups,
REX and COMB groups showed significant reductions in dia-
stolic BP (p<0.05). Only the COMB group demonstrated a sig-
nificant decrease in salivary cortisol levels, as measured by AUCi
(-59.14#34.1 nmol min/L) and AUCg, indicating reduced stress
levels.

Discussion

Different exercise modes have significant combined effects
on overweight or obese patients with T2DM and depression.
Aerobic exercise, resistance exercise, and combined exercise
showed positive effects on improving glycemic control, reducing
body weight, and alleviating depressive symptoms in patients.
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All exercise groups showed positive effects on BMI; a BMI
drop has a role in exercise reversing weight loss due to loss of
appetite, a common symptom, and a side effect of antidepres-
sants [24]. Depressive symptoms and weight gain are a vicious
cycle [25,26]. If healthy behaviors, such as exercise and healthy
eating, are adopted, thereby reducing weight gain and improv-
ing depressive symptomes, this will improve the quality of life of
patients.

All exercise interventions significantly improved BDI scores
and HDRS-17 compared to the CON group, with the COMB
group showing the most significant improvement (p < .001 for
COMB vs AEX and COMB vs REX). Aerobic exercise does affect a
variety of physiological mechanisms in the body, including alter-
ing levels of monoamine neurotransmitters, increasing levels of
5-HT (serotonin, also known as 5-hydroxytryptophan) and nor-
epinephrine, and decreasing levels of cortisol, which can allevi-
ate symptoms of depression to some extent [24].

Throughout the intervention treatment, although the BDI
of all exercise populations changed significantly compared to
the control group, we can find that COMB, on the other hand,
declined the slowest in the first few weeks but accelerated its
decline in the later stages. It may be related to the fact that
the patients slowly got used to the combined treatment pro-
gram in the last stages and accepted this exercise treatment
from the inside. After 12 weeks of exercise, HDRS17 scores de-
creased in all groups, but the COMB group showed the greatest
decrease and the most significant improvement. This suggests
that a comprehensive exercise program has an optimal positive
impact on mood state and quality of life in patients with T2DM
combined with depression. Over time, the PSDQ of the COMB
group showed the most significant improvement at almost all
time points, suggesting that the combined exercise modalities
are optimal for enhancing self-perceived fitness in diabetic pa-
tients [25].

Combining the antidepressant effects of Tai Chi with the
physiological and psychological benefits of resistance exercise
may produce a synergistic effect, resulting in a more effective
improvement of depressive symptoms. This combined exercise
program may improve cardiorespiratory fitness, build muscle
strength, promote endorphin release, and reduce stress and
anxiety through meditation and relaxation techniques [26].

As an ancient and profound form of physical and mental ex-
ercise, Tai Chi uniquely emphasizes the harmony and unity of
the body, mind, and external environment [27]. In recent years,
with in-depth research on the relationship between mind-body
health, more scientific evidence has shown that mind-body ex-
ercises such as Tai Chi significantly alleviate depressive symp-
toms. Depression, as a common mental illness, has symptoms
including low mood, loss of interest, fatigue, and weakness,
which seriously affect patients' quality of life. Mind-body ex-
ercises can effectively alleviate these symptoms and help pa-
tients restore their physical and mental health by regulating the
body's physiological functions and psychological state [28-30].

Similar to aerobic exercise, resistance exercise may also im-
prove depressive symptoms through mechanisms that affect
levels of neurotransmitters such as 5-hydroxytryptamine and
norepinephrine and modulate the activity of the hypothalamic-
pituitary-adrenal axis [31].

On the other hand, a preliminary trial of a tiny sample of
depressed hospitalized patients (n = 12) compared AEX and

stretching activities over three weeks. The results showed a sig-
nificant effect of AEX on depressive symptoms (higher remis-
sion rates), in contrast to our findings [32].

Compared to the baseline values in the entire cohort and the
three exercise groups, our patients had a significantly reduced
FBG level after the 3-month intervention. Compared with pa-
tients in the CON, AEX, and REX groups, the COMB group had
improved considerably in HbAlc. Previous findings have also
shown that diabetes remission is not associated with body mass
index or weight loss after exercise interventions [33].

While a single aerobic or resistance exercise can be effec-
tive in improving anxiety and helping to control blood sugar and
body weight, a prolonged program of high-intensity exercise
may increase the rate of lower extremity injuries [34]. Wide-
spread fear of joint damage in overweight and obese patients
[35]. Therefore, we believe that the COMB exercise method can
be used to achieve the effect of exercise and maximize the pro-
tection of joint health. There may have been some differences
in salivary cortisol levels across groups at baseline (especially in
AUCi without log conversion). Still, after 12 weeks, COMB sig-
nificantly reduced the AUCi metric. Depressed patients often
self-report inadequate levels of physical activity, which may be
related to their psychological state and decreased motivation.
Under the stress of social evaluation, these patients show a
sluggish cortisol response pattern. Cortisol is a stress hormone
whose normal response is essential for coping with stress. El-
evated serum and salivary cortisol levels in depressed patients
are a complex physiologic process involving multiple aspects,
such as dysregulation of the HPA axis, effects of intestinal flora,
and neurotransmitter interference [36-38]. A sluggish cortisol
response may indicate abnormal functioning of the HPA axis in
patients, which is an essential aspect of the biological mecha-
nisms of depression [39].

It is essential to increase the level of physical activity in de-
pressed patients systematically. This will not only help improve
their physical health but may also positively impact their mental
health. Our study suggests that 12 weeks of aerobic or resis-
tance exercise training is not sufficient to affect cortisol stress
reactivity in depressed patients significantly. Multiple studies
have shown that salivary cortisol levels rise during high-intensi-
ty exercise and do not always correlate significantly with stress
levels during low- and moderate-intensity training. This phe-
nomenon may be explained by the fact that the body's stress re-
sponse may be less intense during low- and moderate-intensity
training, with little change in cortisol secretion or insufficient
change to be detected significantly in saliva. This also explains
the results of this experiment [40-42].

Physical activity levels are relatively low in patients with de-
pression. In a previous meta-analysis, Schuch et al. noted that
more than two-thirds (68%) of patients with MDD did not meet
the current recommended level of physical activity (at least 150
minutes of moderate to vigorous physical activity per week,
MVPA) [43]. Our findings did not reveal a significant association
between aerobic or resistance exercise interventions alone and
patients' cortisol responses, which may be due to the partici-
pants' generally low physical activity levels.

Conclusion

Therefore, adopting a lifestyle that combines aerobic and
resistance exercise is a recommended health strategy for over-
weight or obese patients with T2DM combined with depres-
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sion. It can not only help them improve their physical health but
also provide critical support at the psychological level, promot-
ing functional independence and overall well-being.
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