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(Abstract \

In this article, the relationship between stress and type 2 diabetes has been carefully studied by considering various parameters
such as individual-social factors, status of side diseases, diet and sleep status, cortisol changes, etc. Stress affects T2DM both
directly and indirectly. Diabetics experience more stress and depression than healthy people, and ultimately stress and related
processes contribute to the development of T2DM. Meanwhile, people who are more likely to be diagnosed with diabetes are
more likely to be depressed. People with a family history of chronic illness are also more likely to have anxiety and stress.

Items such as inability to handle tasks and discomfort are associated with depression, and stress symptoms such as headache,
shoulder stiffness, diarrhea, and constipation are significantly associated with diabetes. Many studies show that the level of
stress and depression is directly related to diabetic distress and its most important factor is fear of the future and complications
of the disease.

In the study of SES (socioeconemic status) factors, an inverse relationship with the risk of diabetes was assessed so that the
lower the income level of people or the less educated, the poorer performance in coping with stress (emotional dealing with
problems) and poor control over they will have blood sugar.

Since type 2 diabetes is the second most common physical disability after hypertension (8% of chronic patients) and also has
a 3-fold mortality rate compared to other chronic patients; It is important to pay attention to common complications such as
hypertension and heart disease. Stress can be involved in the development and spread of disease complications by affecting BP
and MBF (myocardial blood flow).

PTSD causes hormonal and metabolic abnormalities that also lead to insulin resistance, and may also lead to sleep disturbances

with increased levels of insulin resistance and blood C-protein concentrations, which is an important risk factor for T2DM.
T2DM patients have higher stress, lower sleep quality and poorer mental health than healthy individuals. Sleep disorders are
also associated with gender as a risk factor and are more common in women than men. People taking diabetes medications are
more likely to have sleep disorders. In the field of nutrition, perceived stress and diabetes-related distress also have a significant
effect on eating behavior (emotional and extreme coping). Family support and self-efficacy also have a positive and effective
relationship in nutritional behaviors.

Regarding coping with stress and its consequences, several programs and solutions such as mindfulness-based stress reduction
(MBSR) method have been proposed. The results obtained from the effectiveness of this method indicate that HbAlc level,
blood sugar, depression level and stress they are significantly reduced.

Cortisol (a factor in raising blood sugar) is a glucocorticoid hormone that is released under stress and has been the focus of
much study. In most studies, people with diabetes had higher cortisol levels than those in the control group, which was more
strongly associated with depression with diabetes. Also, in diabetics, the activity level of the cortisone-to-cortisol-converting
enzyme called 11BHSD1 is higher, and metformin has an intensifying effect on this enzyme.

Keywords: Psychological stress; Diabetes type 2; Socio-individual factors; Heart disease; Diet and sleep; Stress control meth-

st; Cortisol j

Copyright © All rights are reserved by Rojina Rashidi Ahmadi', Zahra Majdi', Mahdokht Yazdani Shokouh? Niloufar Masihipour® and Seyed Ali
Hosseini Zavareh™* 1

DOI: 10.46998/1JCMCR.2022.20.000477



https://dx.doi.org/10.46998/IJCMCR.2022.20.000477
https://dx.doi.org/10.46998/IJCMCR.2022.20.000477

ijclinmedcasereports.com

Volume 20- Issue 1

Introduction

Diabetes is a chronic metabolic disease characterized by el-
evated blood glucose levels and over time can lead to damage
to the heart, blood vessels, eyes, kidneys and nerves. Manag-
ing diabetes is a lifelong process that can put a lot of stress
on your daily life. Stress can be one of the main obstacles to
effective glucose control. Stress affects T2DM both directly
and indirectly by affecting other risk factors for diabetes [1,2].
Perceived stress is higher in diabetic people than in non-di-
abetics, and handgrip strength is higher in diabetic men than
in diabetic women. This high stress in diabetics is related to
low physical activity. Diabetics experience more stress, hostile
symptoms, and depression than healthy people, and as a result,
process disturbances may be related to biological stress. Stress
and related processes contribute to the development of T2DM,
and long-term diabetes can cause cognitive impairment, which
occurs faster in men than in women due to structural differ-
ences in the brain and its function and differences between the
sexes [3].

In an observational cohort study in men without a history of
diabetes, a 2% incidence of diabetes was observed during 1.9
years of stress severity. Inability to handle work and discom-
fort were associated with depression and stress symptoms such
as headache, shoulder stiffness, diarrhea and constipation were
significantly associated with diabetes [4].

By examining the relationship between psychological stress
and T2DM, it was found that the relationship between stress
and diabetes can be directly related to the neuroendocrine
system and cortisol and indirectly due to decreased exercise
mood, diet modification and healthy lifestyle [6]. Exposure
to higher psychological stress is associated with higher BMI
and the person with more psychological stress is less active
[7]. Also, people who are more likely to be diagnosed with
diabetes are more likely to be depressed. People with a family
history of chronic illness are also more likely to have anxiety
and stress [8]. Another study aimed at examining the asso-
ciation between carboxylated osteocalcin (cOCN) and decar-
boxylated osteocalcin (dcOCN) levels with perceived chronic
stress found a link between serum osteocalcin levels and stress
in T2DM patients and depression. T2DM is more important
and stronger than non-depressed individuals, but because no
significant difference between Cocn and dcOCN was observed
in depressed and non-depressed individuals, it was found that
osteocalcin was not a good marker for determining depression
in T2DM individuals [9]. Covid-19 patients with T1IDM and
T2DM reported increased stress, which was associated with
HbAI1C, and those with more severe glycemic control had
more stress and more insulin quarantine than before [10]. Oral
insulin and oral antihyperglycemic agents had higher mean
depression and anxiety than those taking only one of the two
drugs. HbA1C was significantly more directly related to anxi-
ety, depression, and stress.

There was no link between self-management and depression,
stress and anxiety, it may be concluded that the relationship
between stress and diabetes is beyond behavioral impact [11].

Based on the above explanations, general cases regarding the
relationship between stress and type 2 diabetes were stated,
and in the following, we will examine the more detailed and
accurate factors of this relationship and related factors.

Effect and relationship between individual and social fac-
tors:
Psychological stress is one of the main factors that increase

the risk of developing type 2 diabetes and the continuation of
poor blood sugar control. In this study, an attempt was made to
examine the effect of stress and its relationship with individual
characteristics such as gender and age and social characteris-
tics such as working conditions and family relationships. The
relationship between the variables and the results should be
examined more carefully.

Many studies show that the level of stress and depression is
directly related to diabetic distress and its most important fac-
tor is fear of the future and complications of the disease. By
gaining knowledge and learning disease management methods,
stress can be overcome, so that in this study, only 2 people
believed that their stress is due to type 2 diabetes. It is note-
worthy that there is no relationship between stress and health-
seeking behaviors in diabetic patients. What influences these
behaviors are social demographic factors such as age, marital
status, occupation and education, which we will examine in the
following [12,13].

In the study of gender, it has been mentioned in articles that
this factor is ineffective in effective parameters in diabetes such
as HbAlc, BMI and physical activity as well as the accumula-
tion of stressful events [14,15]. However, other studies in this
field show that women experience higher diabetic distress and
stress and act more emotionally and have lower self-esteem
when dealing with more problems, but men have more depres-
sion and anxiety than women. Are tolerated [16-18]. The as-
sociation between high blood pressure and type 2 diabetes is
also associated with a relatively low increased risk of bisexual-
ity in women compared to men [19,20].

Age is another interventional factor and is inversely related
to the percentage of stress and depression; There is no risk of
developing type 2 diabetes after the age of 65 [19,18].
Another influential factor is SES (socioeconemic status),
which is inversely related to the risk of diabetes [20]; So that
the lower the income level of people or the less unemployed
and educated people are, the poorer their performance in deal-
ing with stress (emotional dealing with problems), the higher
the percentage of stress and depression and the more unfavor-
able control over blood sugar [17,18,21].

There was also a slight disagreement about the issue of work
stress, with the study [19] that high work pressure before the
age of 40 increased the risk, but according to the study [22],
high work pressure and working hours only for low socio-eco-
nomic groups. Raises the risk of infection.

Patients' family functioning and their social and emotional sup-
port can play a special role in the management and control of
the disease [7 m]. But there are differences of opinion. Studies
show that these factors are directly related to reducing stress
and psychological satisfaction and thus better blood sugar con-
trol and risk reduction [25,24,21]. Family support is also sig-
nificantly associated with medication in the elderly and their
diet and can reduce patient stress [26]. However, other articles
did not find a relationship between marital status and stress and
the level of diabetic factors such as HbAlc and BMI [14,27].

It should also be noted that the duration of diabetes can affect
more patients' stress, and the longer the illness lasts, the more
likely people are to react emotionally to stressors [17].

Evaluation of heart diseases and other dangerous factors:

Type 2 diabetes is the second most common physical disabil-
ity after hypertension (8% of chronic patients) and also has a
3-fold mortality rate compared to other chronic patients [30].
Regarding the relationship between these two chronic diseases
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Table 1: Investigation of individual-social factors in studies.

Obese: 11%

Results | Diabetic indi- | Socioeconemic factors age average | Married Gender | number of | References
cators / single samples
There is a strong inverse Educational level: | Most of them 56.5% N= 285 [12]
relationship between 72.9% primary school | (40%) in 55- female
stress and lifestyle, 64 years
which means that the
lower the level of stress,
the higher the quality of
life.
The majority of partici- Income: 42% of them | 68.4% over | 7 4 % | Allmale N=19 [13]
pants believed that their had 1000003 or higher 50 years old | married
stress was not due to dia- Educational level:
betes but to financial and 37%: no degree
occupational issues. 26%: bachelor degree
In DT2 patients and the | Average BMI: DT2:1820 | 61.1% | DT2: 39 N=144 [14]
control group, the lev- DT2: 34.63 Control: | had a women
el of satisfaction with | Control:23.08 18.36 partner | Control:
health and physical satis- 41 wom-
faction was different, but en
there was no difference
in psychological, social
and environmental satis-
faction as well as overall
satisfaction.
The aim was to evaluate | Average BMI: Income: | Male =64.09 | Married: | 76 males N=121 [15]
the effect of gender on M=30.11 <£20,000: Female= | M 2| 45 fe-
stress and interleukin-6 F=32.14 m=40.8%, F:46.7% 63.20 59.2% males
in people with diabetes | Average £20,000—£40,000: F:37.8%
after stress treatment. HbAlc: m=22.4%, f=37.8%
There was no general M=7.28 £40,000—£60,000:
difference between men F=17.38 M=10.5%, = 6,7%
and women in terms of > £60,000:
diabetes, BMI, physical M=26.3%, = 8.9%
activity, and HbAlc. The University Degree:
women considered their M=62.2%, t=68.9%
stress during the task to Smoker:
be more severe. M=14.5%, F=11.1%
Higher levels of diabetic Educational level: 42 4 8 % N=216 [18]
distress are directly re- Low: 14.1% women
lated to higher levels of Medium: 56.3%
cach of the stress and High: 29.6%
depression factors, and
this percentage is higher
in young people and
women.
The rate of diabetes is | Average BMI: Educational level: 73 35.4% N=2719 [19]
10.5 per 1,000 people, 254 Elementary: 15.3 female
the majority of whom | U n d e r - High school: 49.6 64.6%
were men, obese, with weight:2.5% University: 35.1 male
high blood pressure and | Normal: Smokers: 53.2%
a history of one or more 47.1%
heart diseases. | Overweight:
39.4%
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There is a significant | Average BMI: Educational level: 60917 9 %|62.7% N=338 [21]
relationship between so- | N o r m a 1 Tertiary: 13.3% married female
cial support, unemploy- =44.1% Secondary: 53.6%
ment, retirement status, | O v e r - Primary: 24%
and the negative impact | weight=36.4% No education: 9.2%
of diabetes on a person's | Obese: 44.1% Smokers: 73.1%
daily life with Poor Gly- | Mean HbAlc:
cemic control. However, 8.6%
no significant associa-
tion was found between
depression, anxiety, and
stress with glycemic con-
trol in this study.
Women are less confident HbAlc: Educational level: 5485 190.1% | 54.4% N=182 [24]
than men in dealing with <7:26.4% Iliterate: 21.9% married female
stress and are more likely 7-8:20.9% Primary school:39%
to deal with problems 8-9: 13.2% Secondary: 12.1%
emotionally. Education is >9:39.6% High school: 14.3%
also inversely related to University: 12.6%
emotionally.
There was no signifi- | Average BMI= university degree: 63.81 | 50.4% | 61.5% N=135 [27]
cant association between | obese  range 63% married male
loneliness and HbAlc (>30) Nonsmokers:
levels and BMI or diabe- HbAlc: 85.2%
tes medication. in28.7%
<6.5%
in 38.8%: 6.5-
7.5 in 32.6% >
7.5%
Higher toxic stress levels Educational level: 709 | 6 3 % | 51% fe- N=3904 [28]
in patients with diabetes Less than highschool: married males
and heart disease are as- 29.5%
sociated with a faster High school: 31.9%
decline in quality of life College&above: 38.6%
among whites and Afti- Ever smoked: 60.9%
can-Americans.
HbAlc levels are also BMI: Educational level: 57.56 55.58 % N=1890 [29]
directly related to stress | 29.67%over- 36.2% bachelor degree male
levels. Two important weight 442 %
factors in controlling glu- HbAlc level: female
cose levels are stress and 42.74% <7
adherence to treatment.
In general, people with | Average BMI: income: 63.71 62.9% N=140 [40]
lower optimism are more 30.75 < £20,000: 42.9% male
likely to develop CVD | Mean HbAlc: | £20,000-£40,000:
due to increased daily 7.25 28.6%
cortisol levels as well as > £40,000: 28.6%
a slow BP response to Education:
stress. Less high school: 26.8%
High school: 10%
College or higher :63%
current smoker: 20
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(type 2 diabetes and heart disease), the role of lifestyle of each
person has a two-way relationship, and in between, the impor-
tance of diet has been much discussed, which we will examine
in more detail, but as a mention. The key point is that the con-
sumption of saturated fatty acids has a negative effect in both
cases [31,32].

The disease may be associated with other complications and
comorbidities such as hypertension, CVD, nephropathy, reti-
nopathy, albuminuria, and even lesions such as diabetic foot
thickness (affecting quality of life) [33]. One of the most com-
mon complications associated with type 2 diabetes is hyper-
tension and ischemic heart disease. In a study [34] of 629 dia-
betics, 62 had a history of cardiovascular disease and insulin
resistance had significantly improved [35]; So that many pa-
tients take antihypertensive drugs and ACE & ARB [29,30].
Studies show that high blood pressure alone increases the risk
of type 2 diabetes [36] and the level SBP (Systolic Blood Pres-
sure) and DBP (diastolic blood pressure) are higher in people
who have recently had diabetes (NDDM) [37].

Stress can be involved in the development and spread of dis-
ease complications by affecting BP and MBF (myocardial
blood flow); For example, MBF during stress in people with
type 2 diabetes who had microalbuminuria or macroalbumin-
uria was significantly lower than in people with normoalbu-
minuria (P <0.01), which was significantly lower in those in
macroalbuminuria than in those with microalbuminuria. (P =
0.04) In addition, the presence of autonomic neuropathy was
associated with lower MBF during stress (P <0.01) and patients
with severe retinopathy were significantly more MBF than pa-
tients with simple retinopathy or patients with no symptoms of
retinopathy. They had lower stress times [38,39].

Therefore, it can be acknowledged that decreasing MBF dur-
ing stress can be due to coronary artery disease such as dia-
betes mellitus, - in general, people with less optimism, due to
increased daily cortisol concentration and also BP respond to
stress, are more likely to develop CVD and CVD. In optimis-
tic diabetics, DBP and SBP levels are higher, which is seen in
healthy individuals [40]. There is also a negative association
between HRV and negative emotions [41]. In a more compre-
hensive study, we can consider the role of race in the relation-
ship between the above; According to the study [42], whites
and African-Americans had different experiences of stressful
events such as racial discrimination and its consequences, and
statistics related to quality of life also show a better situation
for whites.

The relationship between PTSD and diabetes and its con-
trol

PTSD causes hormonal and metabolic abnormalities that also
lead to insulin resistance and increase the risk of diabetes [43].
In a study aimed at investigating the relationship between de-
pression and stress after a natural disaster (such as a tsunami or
earthquake) with blood sugar levels, it was found that there is a
significant relationship between blood sugar and depression as
well as blood sugar and stress [44].

PTSD alone is a risk factor for diabetes. One study found that
obesity promoted the onset of PTSD symptoms. In fact, if
obesity is caused by PTSD, following the treatment of symp-
toms, the process of weight gain slows down and even leads
to weight loss, which in turn reduces the risk of metabolic and
heart diseases. Antipsychotic and antidepressant drugs cause
weight gain and impaired blood glucose regulation, which in-
creases the risk of developing diabetes [45].

PTSD is associated with an increase in inflammatory markers
and molecules involved in the inflammatory process. It may
also increase insulin resistance and blood C-protein concentra-
tions and cause sleep disturbances, which is associated with
a higher risk of T2D. PTSD is also associated with HPA axis
rotation, which impairs visceral obesity, insulin resistance, and
T2D. In a 22-year longitudinal study of women, women with
the most symptoms of PTSD were slightly more likely to have
a larger somatotype at age 5, white, and a mother with T2D.
Women with PTSD symptoms had a higher incidence of T2D
than women without exposure to traumatic events. The use of
antidepressants and BMI increases are also known to be the
main possible mechanisms for increasing the risk of T2D in
women with PTSD symptoms [46].

In another study of 184 people with T2D, by filling out ques-
tionnaires about depressive symptoms, PTSD symptoms, Dia-
betes distress, and self-care behaviors, the results showed that
more severe depressive symptoms were directly related to
higher HbA1C and higher diabetes distress, less physical ac-
tivity, and inclination. Less to follow the recommended diet.
On the other hand, PTSD score was significantly associated
with diabetes distress and people with higher PTSD score were
physically more physically active and checked their blood sug-
ar status better and more than others [47].

Another study of 1,598 soldiers with PTSD who underwent
treatment found that the incidence of T2D was higher in older
people, blacks, people with lower primary care utilization,
and shorter PTSD psychotherapy, hyperlipidemia, and hyper-
tension. Obesity was significantly higher and the incidence
of diabetes was significantly lower in soldiers who had more
progress during treatment and whose TSPTSD was further re-
duced than in those who did not. [48]

Finally, a study of the symptoms of PTSD in a statistical popu-
lation of 184 people with T2D who did not have good con-
trol over their disease, found that the weaker the control of the
disease, the more severe the people experience the symptoms.
These symptoms include arousal, withdrawal from society,
and aggressive behaviors. On the other hand, these people are
more inclined to exercise and pay attention to their intermittent
blood sugar control. PTSD is associated with diabetic stress
and has little to do with diet and HbA1C (unlike depression,
which is associated) [49].

Stress control methods:

A deeper understanding of the relationship between stress and
type 2 diabetes helps to apply these findings to improve diabe-
tes and better understanding the disease. Many studies have
been done to find out the nature of this relationship. Studies on
the relationship between self-care behaviors of diabetics and
stress showed that these self-care behaviors such as diet con-
trol, timely use of medications, and exercise were not related
to stress. This may indicate that the relationship between stress
and diabetes goes beyond the effect of stress on self-care be-
haviors and has a more direct effect on diabetes [50,51].

In another study focusing more on the direct effects of stress
and diabetes, Seyitoglu et al. Examined the relationship be-
tween stress management and individual characteristics in dia-
betics. Types of stress management can be divided into two
types: emotional and problem solving. In this study, it was
found that among people with type 2 diabetes, emotional stress
control, which is associated with older age, female gender,
lower level of education and lower income, is also associated
with longer duration of diabetes. Problem-solving stress con-
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trol, which is more common in men, was less associated with
HbAlc. As a result, people with problem-solving stress con-
trol were more likely to have severe diabetes than those with
emotional stress control [52].

As mentioned, using this link between stress and diabetes in
the clinic and in improving the condition of diabetic patients
is very important. In this regard, studies have been conducted
on various methods of stress management and their impact on
the condition of diabetics. One of the most important ways
to reduce stress is mindfulness-based stress reduction (MBSR)
exercises, which include yoga, meditation, breathing exercises,
exercise and sleep hygiene exercises. Studies of people with
type 2 diabetes have shown that after several months of mind-
fulness and exercise, the test group's HbAlc and blood sugar
levels, as well as their levels of depression, stress, anxiety, and
emotion, are regulated. Significantly reduced; While in the
control group there was no significant difference in these indi-
cators. Together, these changes ultimately increase the quality
of life and control of people with type 2 diabetes. As a re-
sult, this method can be used as a non-invasive and appropriate
method to improve the condition of these patients [53-55]. In
another study, which also used the Mindfulness method during
9 weekly sessions, a significant reduction in HbAlc, depres-

sion and relocation stress was seen in the intervention group
compared to the control group [56].

Research has also been done on other methods of stress man-
agement and their effect on people with diabetes. One of these
methods is Training Stress Management programs. These pro-
grams reduced stress, depression, anxiety, and diabetic distress
in people with type 2 diabetes, as well as significantly reduced
HbAlc [57,58]. In addition to reducing stress, another method
called Riciation and relaxation treatment reduced the severity
of cortisol and increased positive thinking and relaxation [59].
Pythagorean Self-Awareness Intervention, a type of meditation
with daily mental and physical exercises to reduce stress, in ad-
dition to lowering HbA1C, decreased hair cortisol (long-term
stress marker) and increased anti-aging markers such as leu-
kocyte telomere length (LTL) and proteasome. [60]. Group
Cognitive behavioral therapy (GCBT) also generally reduced
anxiety and depression in people with diabetes mellitus and
decreased HbA1c in the long term [61].

The effect of diet and sleep control

T2DM patients have higher stress, lower sleep quality and
poorer mental health than healthy individuals, and stress and
sleep disorders lead to poor glycemic control and biochemical

Table 2: At the end of this discussion, we tried to examine and compare studies in this field in more detail in Table 2.

Results | How to calculate Duration Age, years Participants | Stress man- | References
psychological agement pro-
variables gram
Significant reduction of DASS-21 | Eight weekly 30-59 | 101 Iranian females MBSR [53]
stress, depression, anxi- 2-hour sessions with T2DM
ety and HbAlc levels in and follow-up at Intervention  group
the intervention group 3 months n=50
compared to the begin- Control group n=51
ning of the study and
compared to the control
group.
Improvement of emo- CERQ | Eight weekly 18-65 | 34 Iranian adults MBSR [54]
tion regulation in al- 2-hour sessions with T2DM
most all its subsets and Intervention  group
eventually in general, as n=17
well as control of blood Control group n=17
sugar (patient's desire
to observe therapeutic
cases) and reduction of
blood sugar in the inter-
vention group.
Chinese  version | nine weekly 1.5- | 65-84 120 Taiwanese | mindfulness [56]
Significant  reduction | of DASS-21 and hour sessions adults with T2DM programmer
of HbAlc, depression | Relocation Stress Intervention group | developed by
and relocation stress in Scale n=60 the Taiwan
the intervention group Control group n=60 | Mindfulness
compared to the control Association
group for people
with mental ill-
ness
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Reduce stress, increase | Perceived  Stress | eight sessions | 56.4+7.2 for | 230 Iranian adults | intervention [57]
self-efficacy and per- | Scale, CISS, CSE, | of one and a | the experi- | with T2DM program based
ceived social support, and MPSS | half hours and a | mental group | Intervention group | on the so-
and reduce HbAlc in 3-month follow- | 57.1+6.5 for | n=115 cial cognitive
the intervention group up | the  control | Control groupn=115 | theory with an
group emphasis  on

improving self-
efficacy  and
perceived  so-

cial support

Decreased depression, | PHQ8, PROMIS 8 group sessions | 60.8 + 12.1 | 107 U.S. Latino | community [58]
anxiety and self-report- | Emotional dis- | for DE + SM | for DE group | adults with T2DM health worker

ed health status in the | tress/anxiety scale, | group across 8 | 60.0 + 11.2 | DE group n=46 delivered SM

DE + SM group com- | PAID, the sum- | to 10 weeks, 1 | for DE + SM | DE + SM group=61 intervention

pared to the DE group mary of diabetes | group session for group

Increased sugar in SM | self-care activities | DE group

sessions was  associ- 3-month follow-

ated with more positive up for all partici-

changes in HbAlc and pants

Diabetes distress.

However, in the group
effects study, no dif-
ference was found be-
tween HbAlc, Diabetes
distress and urinary cor-

tisol between the two

groups.
Progress of stress ac- DASS 42 | 6 weeks (Treat- >41 | 28 Indonesian adults | Recitation [59]
ceptance in the inter- ment with a du- with T2DM and relaxation

vention group versus ration of 10-15 Intervention  group treatment

regression in the control minutes 3 times n=14

group, significant dif- a day) Control group n=14

ference in the level of
increased blood cortisol
levels in the interven-
tion and control groups
(fewer cortisol changes
in the intervention
group) and more relax-
ation of the intervention

group participants
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Significant increase in | PSS, DASS-21,
LTL (a sign of reduced | PSQI, HLPCQ,
aging process) in both HLC | weeks, follow-up
healthy and diabetic

Weekly  group 46-75
session for 8

27 healthy adults PSAI [60]
and 21 adults with
T2DM
for 6 months
groups.  (Direct con-
nection with more PSAI
compliance)
Significant reduction in
hair cortisol (a sign of
long-term stress), Per-
ceived stress, depres-
sion and anxiety as well
as increased sleep quali-
ty, Healthy lifestyle and
personal control in both
groups.

Increased proteasome
(another sign of slowing
aging) and decreased

HbAlc in diabetics.

Reduction of anxiety
and depression and
long-term HbAlc (af-

ter 6 months and one

PHQ-9, GAD-7

Follow-up for 1 | 63.81 £ 9.94 | 1208 adults with

year

for the inter-
vention group
6291 + 9.59

T2DM and comor-
bid anxiety/depres-
sion from 48 Chi-

GCBT [61]

year) in the intervention for the control | nese communities
group compared to the group | Intervention group
control group. (Posi- n=597

tive changes of these Control group n=611
variables were seen in
subgroup studies only
in the group of mild and
moderate anxiety and

mild depression.)

Decreased FBS,
HbAlc, depression and

GHQ-28, HDRS,
and HARS

Eight weekly ses- | Mean age of | 60 Iranian adults MBSR [62]
53.48 for the | with T2DM

experimental | Intervention group

sions and follow-
anxiety were observed up at 3 months
in the

group compared to the

intervention group n=30
Mean age of
59.03 for the
control group
(SD unreport-

ed)

Control group n=30

control group.

Table 2. MBSR = Mindfulness-Based Stress Reduction, T2DM = Type 2 Diabetes Mellitus, GHQ = General Health Questionnaire
, HDRS = Hamilton Depression Rating Scale , HARS = Hamilton Anxiety Rating Scale , FBS = Fasting Blood Sugar, HbAlc =
Hemoglobin AI1C, CERQ = Cognitive Emotion Regulation Questionnaire, DASS = Depression, Anxiety and Stress Scale, CISS =
Endler and Parker’s Coping Inventory for Stressful Situations, CSE = The Coping Self-Efficacy, MPSS = The Multidimensional
scale of Perceived Social Support, DE = Diabetes Education, SM = Stress Management, PHQ = Personal Health Questionnaire,
PAID = Problem Areas in Diabetes, GCBT = group cognitive behavioural therapy, GAD = General Anxiety Disorder questionnaire,
PSAI = Pythagorean Self-Awareness Intervention, PSS = Perceived Stress Scale, PSQI = Pittsburgh Sleep Quality Index, HLPCQ
= Healthy Lifestyle and Personal Control Questionnaire, HLC = Health Locus of Control Scale, LTL = Leucocyte Telomere Length
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changes in various organs, which ultimately leads to chronic
complications [63].

Perceived stress and diabetes-related distress have a signifi-
cant effect on eating behavior (restrained, emotional, exter-
nal). Emotional coping mediates the effect of stress on eating
behavior, so that diabetes-related stress has an indirect effect
on restrained, emotional, and external eating behavior through
emotional coping, and T2DM individuals respond to diabetes-
related stress as a result of emotional coping. Overeating or
undereating occur, but for general stress with an emotional re-
sponse, only overeating behavior occurs. It was also found that
in reastrained eating behavior, a person eats less by adopting
a wrong reaction because he is emotion oriented in response
to an unhealthy stress response. However, when T2DM indi-
viduals perform conscious dietary interventions, their cogni-
tive control and control of eating behavior are improved and
their overeating and uncontrollability are significantly reduced,
which should include personal, family, and social aspects of
T2DM individuals [64,65].

In a study of 117 people with diabetes, it was found that family
support and self-efficacy had a positive relationship and stress
had a negative relationship with dietary behaviors in diabetics.
The strongest relationships between family support and self-
efficacy with managing diet challenges and choosing a healthy
and the strongest association of stress with the inability to de-
termine the number of calories needed and then, the inability
to manage dietary challenges, the inability to choose a healthy
diet to the extent and ultimately reduce the ability to prepare
meals [66].

Education's level of education affects food choice; The higher
the level of education, the wider the selection of foods that are
more nutritious, which affects a person's health. Diet plays
an important role in people with diabetes who cannot manage
their diet according to 3J settings. The 3J diet pattern includes
program, type, and amount, and this can cause a diabetic to
experience high blood sugar [67].

A study of 126,279 middle-aged Korean people found that with
increased stress, consumption of carbohydrates and grains was
higher, but consumption of all other nutrients, fruits, vegeta-
bles, and protein foods was lower. Higher stress was signifi-
cantly associated with lower DVS (dietary variety score) and
the combination of high stress and low DVS was significantly
associated with an increased risk of type II diabetes [68].
There is an inverse relationship between fiber intake and FBGL
(Fast Blood Glucose Level), magnesium intake and FBGL.
Zinc intake is negatively correlated with FBGL and physical
activity and FBGL is negatively correlated. Also, the mean
FBGL in T2DMs with lower stress was better than patients
with moderate stress levels [69].

As a result, unhealthy eating behavior is associated with higher
BMI as well as higher levels of cortisol and cortisone [70].

In young people with T2D, variable risk factors such as stress,
decreased physical activity and insufficient sleep were ob-
served. Immigrants are also at higher risk for T2D [71].
There is also evidence of decreased sleep quality in diabetics
due to the negative effect of blood glucose on sleep [72].

By examining the effect of sleep regulation and stress on T2D
in 35 Emirati patients, it was observed that the patients in the
experimental group significantly lost weight, BMI, improve-
ment in HbA1C and improvement in recovery level after 24
weeks compared to control patients. And duration of stress
decreased in the experimental group but increased in the con-
trol group; Cholesterol, triglyceride, HDL and LDL reductions

were also higher in the experimental group, but these differ-
ences were not statistically significant [73].

Sleep disorders are gender-related and are more common in
women than men. People taking diabetes medications are
more likely to have sleep disorders, and people with wide-
spread sleep disorders have higher levels of cortisol on a nor-
mal day (over the course) as well as cortisol in the evening;
But it has no significant relationship with morning cortisol
and 45min post-task cortisol. Therefore, in people with sleep
disorders, the level of cortisol concentration that results from
stress is low. Sleep disturbance increases the risk of cardiovas-
cular disease by having a detrimental effect on the neuroendo-
crine system (in which cortisol plays a key role in the diabetic
process) [74].

Evaluation of cortisol levels and changes in different condi-
tions:

Cortisol is a glucocorticoid hormone that is released under
stress. Cortisol secretion raises blood sugar. Due to the close
relationship between cortisol and stress, especially blood sug-
ar, changes in this hormone and the hypothalamus-pituitary-
adrenal axis are considered in diabetes [75]. In other words,
cortisol was considered as a bridge between depression and
stress with insulin resistance and eventually diabetes, although
according to studies, other factors such as increased glucagon
hormone in the development of hepatic insulin resistance, es-
pecially in non-diabetics are known [76,77]; In the following,
focusing on the studies conducted, we will deal with the com-
munications raised in this field.

The association between high cortisol levels and type 2 diabe-
tes in patients with this disease has been investigated in several
studies. In most of these studies, an effective relationship has
been seen between the two. People with type 2 diabetes had
higher cortisol levels than the control group [78]. This asso-
ciation has been stronger in the presence of depression along
with diabetes [79]. This association was observed in both men
and women, although there were slight differences depending
on the sex. For example, cortisol levels in the LNSC (Late-
Night Salivary Cortisol) test were higher in women with dia-
betes than in healthy people, but on the other hand. In diabetic
men, cortisol levels were higher in the CAR (Cortisol Awaken-
ing Response) test than in healthy individuals [80]. However,
in another study, despite a significant difference in wake-up
cortisol during the 6-year study of the diabetic group and the
control group, there was no difference in cortisol curve fea-
tures between the two groups. This showed that the overall
performance of the HPA axis was not different between the two
groups [81].

Research has also been done on the ratio of cortisol to corti-
sone in diabetics. In a study, Liu et al. Found that the ratio of
cortisol to cortisone was negatively associated with diabetes
[82]. Also, in diabetics, the activity level of the cortisone-to-
cortisol-converting enzyme called 11BHSDI is higher, and
metformin has an intensifying effect on this enzyme. There-
fore, it is recommended to take metformin with 11BHSDI1 in-
hibitor to prevent this complication and maximize the effec-
tiveness of metformin [83]. However, in another study, despite
the higher level of cortisol in diabetics compared to the control
group, the level of cortisone and the ratio of cortisol to corti-
sone were not significantly different between the two groups.
In fact, the results of this article contradicted the previous two
articles and showed that high cortisol in diabetics is not related
to changes in the levels of cortisone and cortisol-converting
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enzymes. This difference may be due to the small number of
samples in this article [84].

Among diabetics, studies have been performed on the relation-
ship between disease severity and cortisol levels. One of the
markers that can be considered to assess the severity of dia-
betes is HbAlc, which indicates the average level of glucose
in the last 2 to 3 months in a person. HbAIC also indicates
the state of glucose metabolism in the body and can indicate
the severity of metabolic disorders. Correlations have been
observed between HbA 1c¢ levels and cortisol levels; Of course,
the results are inconsistent. In the study mentioned above, in
addition to the mentioned findings, a significant relationship
was seen between the level of HbAlc and the level of LNCS
in women and CAR in men [80]. It should be noted, however,
that in another study examining the level of accuracy of the
LNSC test compared to the DST test, which is an accepted test,
the accuracy of this test was estimated to be 30% compared to
the DST test, indicating that reliance on the LNSC test alone is
sufficient. It is not and this test is not completely reliable. On
the other hand, some studies that examined the association of
diabetes markers such as BMI, HbA1C with cortisol levels did
not find this relationship [85-87]. Another marker of interest
is Impaired Fasting Glycemia (IFG), which indicates a predia-
betic condition. In this regard, the relationship between IFG
and pre-diabetic conditions with higher cortisol levels has been
observed [86].

Impaired cortisol response is another case study that differ-
entiates between diabetic and control individuals. impaired
cortisol response is important because it causes more hospi-
talizations and worse patient conditions during hypoglycemia.
The incidence of Impaired cortisol response in hypoglycemic
conditions is also higher in diabetic individuals than in healthy
individuals, which is directly related to age and Admission
Rate and inversely related to male gender and duration of dia-
betes, growth hormone levels and ACTH levels. The opposite
relationship with the duration of diabetes is due to lower blood
glucose in people who have a shorter duration of the disease,
which increases the number of hypoglycemias and more regu-
latory disorders. [88].

Complications of diabetes are also very significant cases in this
disease that cause many problems for people with diabetes.
One of these complications is microalbuminuria, which is the
first sign of diabetic nephropathy. In a study aimed at finding
a relationship between microalbuminuria and cortisol levels, it
was found that cortisol levels were higher in diabetic individu-
als with albuminuria than in normoalbuminuric diabetics [85].
Studies have also been done on the relationship between stress,
cortisol and diabetes. One of the factors that can cause stress
in adulthood is Childhood neglect, which itself is divided into
two categories: Emotional and physical neglect. In a study of
the relationship between childhood neglect and plasma corti-
sol levels in response to stress in diabetics, the combination of
type 2 diabetes and physical neglect was associated with in-
creased stress levels and further changes in cortisol after stress
induction. On the other hand, the combination of type 2 diabe-
tes and Emotional neglect was significantly associated with an
increase in basal ACTH levels as well as an increase in tension
levels after stress induction.

In general, this study showed that there is a significant relation-
ship between Childhood Neglect and the response of diabetics
to stress and the level of cortisol changes and their basal ACTH
level [89]. Other types of stress include overall distress and
physician-related distress, which are directly related to morn-

ing cortisol in diabetics [90]. In another study, a study was
conducted between Distress induced and cortisol levels in dia-
betic adolescent girls. In this study, they found that mindful-
ness, by increasing the concentration of the voluntary senses,
caused the negative effects of stress to be less felt, but had no
direct effect on cortisol levels [91].

Another link between exercise, cortisol and diabetes. The ef-
fect of exercise on the improvement of type 2 diabetes has been
proven. In this regard, studies have focused specifically on
the effect of exercise on cortisol levels in people with type 2
diabetes. In a study of obese women with type 2 diabetes, the
effect of aerobic exercise on cortisol levels was investigated.
In this study, women who did aerobic exercise for 6 weeks at
the end of these 6 weeks had significantly lower final cortisol
levels than the placebo group. Also, the group that did aerobic
exercise and took Spirulina supplementation (a type of algae
with it) had lower cortisol levels at the end of the study than
the previous two groups. Finally, it can be concluded that the
addition of exercise program and even the use of herbal supple-
ments can be effective in controlling the disease and cortisol
levels in diabetics [92].
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