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ABSTRACT

The aim: The revealing of the development of stress-related disorders in patients with type 2 diabetes mellitus (DM 2) to: identify the prevalence of stress-related disorders,
particularly, posttraumatic stress disorder (PTSD); study the influence of psychosocial factors on the occurrence and course of stress-related disorders and increase the effectiveness

of treatment in DM 2.

Materials and methods: Research papers have been found by searching the PubMed database using the keywords " ptsd and diabetes 2 type” with the result of 74 studies. Totally
25 of selected publications were analysed based on our criteria about the mechanisms through which the influence of psychosocial factors, permanent stressful or traumatic events
on the probable risk of PTSD development and their analysis and relationships for the improvement of treatment effectiveness in DM 2 patients who have not been the veterans.
Conclusions: Given the complex neurophysiological relationships between the long-term stress and pathophysiological mechanisms of DM 2 — this group of patients has the

higher risk of developing stress-related disorders, including PTSD.
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INTRODUCTION
The Ukrainian population has faced many challenges over
the past few years, including the COVID-19 pandemic,
military events in Ukraine, and numerous consequences
that have affected the overall mental health of the patients.
The most vulnerable groups have also been affected - pa-
tients with permanent and comorbid diseases, including
type 2 diabetes mellitus (DM 2), which is currently one
of the most common diseases, so there is an urgent need
for high-quality medical and social care for this group of
patients. It is known that a group of DM 2 patients is char-
acterised by the number of specific features that distinguish
them and create certain difficulties for physicians in the
treatment process. For example, the relationship between
glycemic profile, psychosomatic aspects and compliance
with treatment has been established. Glycemic control
largely depends on the adherence to the process of medi-
cation therapy. Some specific psychological characteristics
to DM 2 patients may be directly useful in the assessing of
the impact of psychosocial factors on the glycemic control
to achieve glycemic targets. One of the challenges in finding
ways to improve the treatment outcomes of DM 2 patients
is clearly understanding the relationships between the
treatment efficiency and influence factors [1-5].

The population in difficult humanitarian emergencies has
the higher risk of developing comorbidities, including men-
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tal disorders and cardiometabolic diseases. Various models
of post-traumatic stress disorder (PTSD) and concomitant
depression have been studied. Furthermore, it has been de-
tected the increasing number of DM 2 new cases during the
outbreak of political violence and population displacement.
For example, the syndemic theory could be an approach
for conceptualising diseases and social determinants for
understanding the different models of the multimorbidity
phenomenon and underlying mechanisms for the better
planning of future interventions [6-8]. PTSD has been
declared such as the “life sentence” based on the evidence
that it has caused many health problems. Some of the stud-
ies have shown that PTSD involves the higher risk of the
development of cardiometabolic diseases, including DM 2.
Also about the relationships between the PTSD with certain
behaviours and biological processes, and assessing whether
they can serve as the mechanisms by which PTSD leads to
cardiometabolic diseases. As well as the more comprehensive
view of the PTSD phenotype, it should be answered whether
the specific aspects of PTSD phenomenology are particularly
relevant for cardiometabolic diseases. Finally, new areas of
research have been discussed that are possible and can im-
prove the understanding of the relationships between PTSD
and cardiometabolic diseases, such as examining whether
PTSD treatment can stop or even alter cardiometabolic risk
factors causally related to DM 2 [9].

1903



Anna O. Kohut et al.

Therefore, it has been found that PTSD has been the risk
factor for DM 2 development. It is equally important to
study the contrary relationships and consider the presence
of the consequences by the traumatic events or even the
development of stress-related disorders, including PTSD
due to military events and their impact on the treatment
effectiveness of patients with DM 2.

THE AIM

The revealing of the development of stress-related disorders
in patients with type 2 diabetes mellitus to: identify the
prevalence of stress-related disorders, particularly, post-
traumatic stress disorder; study the influence of psychoso-
cial factors on the occurrence and course of stress-related
disorders and increase the effectiveness of treatment in
patients with type 2 diabetes mellitus.

MATERIALS AND METHODS

This review was based on the unstructured and compre-
hensive searching of scientific literature in PubMed. All
of the abstracts were checked in accordance with the pur-
pose of methodology by searching the text words in the
PubMed search bar (https://pubmed.ncbi.nlm.nih.gov/).
The purpose of the search methodology was to determine
and identify the abstract essence of full-text contents
researching materials in accordance with the established
search criteria in the process of studying. Research papers
have been found by searching the PubMed database using
the keywords “ptsd and diabetes 2 type” with the result of 74
studies. The scoping review research method has been used,
which allows to define the particular goals of research. In
the review part of this paper it has been cited the related
articles. From the relevant literature, we excluded studies
which did not meet our inclusion criteria and particularly
described veterans who have been included into research
samples of the studies. Totally 25 of selected publications
were analysed based on our criteria.

Based on the results of the literature review - it would
be discuss the mechanisms through which the influence
of psychosocial factors, permanent stressful or traumatic
events on the probable risk of the development of stress-re-
lated disorders, particularly, PTSD and their analysis and
relationships for the improvement of treatment effective-
ness in DM 2 patients whose have not been the veterans,
by the review results. Promising further research would
have been the studying of this question.

REVIEW AND DISCUSSION

According to the results of studies conducted to determine
the prevalence and predictors of DM 2 in people with
PTSD - the overall prevalence of DM 2 was 10.0%. The
relative risk meta-analysis comparing the control group
with PTSD patients showed the significantly increased risk
of DM 2. Therefore, people with PTSD have a higher risk
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of developing DM 2 in the future [10]. Also, the symptoms
of depression and PTSD accounted for 10-40 percent of
the variance in results associated with DM 2. Symptoms
of PTSD have been associated with increased distress in
DM and blood glucose analysis (R2 ~ 3%). The potential
relationships between PTSD and the consequences of DM
were assessed. Symptoms of PTSD can be poorly diagnosed
in DM 2 among patients without the formal diagnosis of
mental disorder, and they require special attention. In ad-
dition to the role of depressive symptoms, PTSD symptoms
(intrusion, avoidance and hyperexcitability) have been the
aspects of psychiatric functioning in DM that deserves in-
creased attention in clinical care and research [11]. PTSD is
associated with the 2-4 fold increased risk level of develop-
ing DM 2. Case-control studies were analysed to determine
whether people with PTSD had the abnormal response
to glucose or insulin by the Oral Glucose Tolerance Test,
compared to the control group. Potential indicators such
as sleep, cortisol, and adiponectin were evaluated, and in-
dividuals with PTSD had the hyperinsulinemic response to
oral glucose versus controls, indicating insulin resistance.
Therefore, the results indicate the presence of insulin resis-
tance during the oral glucose loading in individuals with
PTSD [12]. Early life experiences can have long-term health
effects. For example, among those who had the traumatic
experience of separation in early childhood have been at
risk for the development of cardiometabolic diseases in
the future. The impact on morbidity was not explained by
the age or socioeconomic circumstances in childhood or
adulthood. Traumatic events in early life can continue to
affect health throughout life and predict the higher preva-
lence of cardiovascular disease and DM 2 in late adulthood,
according to longitudinal clinical trials [13]. As well as,
changes in serum HbA (1c) levels were studied according
to the rate of deterioration in diet and living conditions
and the significant temporary increase in mean HbA (1¢)
levels was found [14]. By results of studies, for example,
the logistic regression and generalised multilevel growth
models were used to assess the association between PTSD
measured at enrollment and subsequent DM. Therefore, it
was found that PTSD has been the risk factor for diabetes
[15-20]. Relationships have been found between trauma
and the manifestation of diseases in the refugee category.
There is growing evidence that traumatised people have
an increased prevalence of medical conditions. Diabetes
and hypertension were higher in the high-trauma groups
than the low-trauma groups. Asylum seekers with PTSD
had the higher prevalence of DM compared with those
who did not have post-traumatic stress disorder [21-23].
The relationship between stress-related disorders, includ-
ing PTSD and permanent diseases, such as DM, cardiovas-
cular and metabolic disorders, and other diseases, has been
studied. In addition, the biological pathways through which
stress-induced diseases can be pathologically pronounced
have been investigated. In particular, the hypothalamic-pi-
tuitary-adrenal (HPA) and sympatho-adrenal-cerebral
(SAC) stress axes have been the key processors in this
pathogenic process, as well as genetic and behavioural or
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psychological risk factors. Patients with severe PTSD have
significantly higher levels of circulating T-cell lymphocytes
and lower levels of cortisol in the blood [24]. The stress
hormones released affect glucose metabolism, can activate
immune cells and modulate subclinical inflammation. For
example, after stress — cortisol levels and heart rate tend
to increase, and it has been detected the increase in blood
glucose and insulin level after exposure to stress. Systemic
levels of the chemokines interferon-gamma-inducing
protein-10 and macrophage chemoattractant protein-1
were reduced, and the expression of the proinflammatory
regulator IKK-beta is significantly reduced after exposure to
stress. Acute stress also causes postprandial blood glucose
peaks and elevated insulin levels and the selective decrease
in the systemic immune markers and proinflammatory
NF kappaB cascade regulators associated with DM 2. This
indicates the independent effect of the acute psychologi-
cal stress on glucose metabolism and inflammation [25].
C-reactive protein (CRP) has been the marker of systemic
inflammation which is associated with PTSD that could be
also associated with permanent inflammation in the brain.
CRP has been easily measured and has been the significant
predictor of the risk of serious physical conditions such
as cardiovascular diseases [26]. It is known that reactions
to acute stressful events have also been protective and
adaptive. However, the permanent stress can cause neuro-
chemical, neuroanatomical, and cellular changes that could
have detrimental effects on higher brain functioning. When
the effects of acute stress contribute to the formation and
consolidation of memory, the permanent effects of gluco-
corticoids may impair cognitive function. It is likely that
permanent stress and dysfunction of HPA may contribute
to the occurrence of including PTSD. Dysfunction of the
HPA axis, disturbances of stress responses and increased
levels of glucocorticoids are also characteristic features of
DM 2. Therefore, the level of stress in patients with DM
2 is the risk factor for the development of neurological
complications. In addition, most changes in the brain
mediated by hyperglycemia are similar to those observed
in experimental models of permanent stress. These results
suggest that common mechanisms may be involved in the
development of neurological complications associated with
depressive disorders and DM 2. So, it is extremely important
to study the mechanisms by which the limbic structures,
hippocampus and amygdala — could respond and adapt
to the harmful effects of hyperglycemia and permanent
stress [27]. Early exposure to permanent stress leads to the
long-term improvements in the insulin sensitivity, oxidative
metabolism and adipose tissue remodelling, accompanied
by the tissue-specific adaptations of lipid and glucose me-
tabolism, and these changes may occur long after stressors
[28]. It has been detected that the aberrant susceptibility
of emotion- and fear-related neurocircuits, including the
amygdala, prefrontal cortex, and hippocampus could con-
tribute to the development and retention of PTSD symp-
toms. [29]. For example, in the study of dipeptidyl peptidase
4 inhibitors (DPP4), better glucose tolerance was confirmed
in functionally DPP4-deficient congenital rats (DPP4mut),

as well as immunological changes and the stress resistance
phenotype. DPP4 showed the highest affinity for neuropep-
tide Y (NPY), the endogenous anxiolytic neurotransmitter
that is offered as the biomarker in PTSD and depression
and found the significantly higher peptide concentration in
the cerebrospinal fluid of DPP4mut. It was also positively
correlated with the blunt stress phenotype measured on the
analgesiometer and in the study of the classical paradigm
of fear conditioning — the short-term disappearance of
fear was significantly enhanced in DPP4mut rats compared
with controls, indicating the positive correlation between
decreased centre sensitivity and increased sensitivity to
NPY in DPP4mut. Also, the behavioural phenotype extends
to facilitating the extinction of fear [30]. It is also import-
ant to study the genetic links between PTSD and DM 2 in
future studies [31]. Given the complex neurophysiological
relationships between the long-term stress and pathophys-
iological mechanisms characteristic of DM 2 — this group
of patients has the higher risk of developing stress-related
disorders, including PTSD [32-35].

CONCLUSIONS

By the results of studying - the mechanisms of the de-
velopment of stress-related disorders in patients with
DM 2 with prolonged exposure to stress, can lead to:
the abnormal response to glucose and insulin; insulin
resistance; hyperglycemia; dysfunctions in the HPA
and SAC stress axes, as well as genetic and behavioural
or psychological risk factors; increased levels of circu-
lating T-cell lymphocytes and CRP as the marker of
permanent inflammation in the brain; neurochemical,
neuroanatomical, and cellular changes that affects the
higher brain functioning by levels of glucocorticoids;
the tissue-specific adaptations of lipid and glucose
metabolism; the aberrant susceptibility of the emotion-
and fear-related neural circuits with limbic structures,
including the hippocampus, amygdala, prefrontal cor-
tex and neurotransmitters.

 The solution of this problem could be the multidisci-
plinary approach for the patients' care and therapy goals,
which impact on the treatment effectiveness and quality
of life of patients with DM 2. An association between
glycemic levels and psychological aspects in patients
with DM were also found. Patients are at increased risk
of treatment failure and need qualified mental health
care assistance in collaboration with professionals to
provide the multidisciplinary approach. This is the wide
scope for research in the both of medical and social
sciences. Multidisciplinary and multicenter studies may
be promising in the future to address the problem of
comorbidity in order to improve patients’ outcomes.
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