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Abstract

Although mental disorders in diabetics are more prevalent than in the general population, an increased
prevalence of depression, frequently leading to suicide, has been reported in individuals with diabetes
mellitus. Therefore, the purpose of this review is to assess the risk of depression and suicide in diabetic
patients. The prevalence of depression and suicide is high among diabetic individuals. Risk factors
including history of depression, presence of comorbidity, younger age, lower education, low social support,
presence of diabetic complications, poor glycemic control, and physical impairment, all increase the risk of
depression among diabetics. On the other hand, female sex, the intensity of childhood trauma, a history of
alcohol misuse, depression, lower level of education, comorbidities, higher blood glucose levels, and
previous history of suicide, all increase the risk of suicide among diabetics. Additionally, a bidirectional
relationship exists between depression and diabetes. For example, depression can cause diabetes due to the
disease's psychological and psychosocial impact, microvascular brain lesions, higher glutamate levels, poor
glycemic control, and medication adherence. On the other hand, diabetic patients develop depression due to
the stress associated with disease management. This paper concluded that depression and suicide are

both prevalent conditions among diabetic patients. The higher risk of depression and suicidality in diabetic
patients emphasizes the critical need of integrating depression screening and treatment into primary
healthcare settings to avoid fatal conditions in the future. However, more research is required in this area.
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Introduction And Background

Diabetes is regarded as one of the world's largest epidemics and has been declared a public health
emergency in a number of countries [1]. According to the Centers for Disease Control and Prevention (CDC),
in the United States, approximately 26 million, or 8.3%, of adults and children suffer from type 1 diabetes
mellitus (T1DM) or type 2 diabetes mellitus (T2DM), with the vast majority having T2DM. Globally, over 347
million individuals have diabetes, with males having a prevalence rate of 9.8% and women having a
prevalence rate of 9.3% [2]. Diabetes is a mentally stressful condition because of the persistent and
significant burden placed on diabetic patients regarding self-management of the disease. As a result of their
disease, patients with diabetes encounter a variety of psychological difficulties, including adherence to
lifestyle modifications and medical treatment, concerns about complications, the need for ongoing glycemic
control monitoring, disabilities, interference with daily activities due to symptoms, and psychosocial
problems at interpersonal and personal levels, all of which significantly cause and correlate with depression
and, in some situations, can result in suicide.

Evidence also proposes that co-morbidity between depression and diabetes appears to be relatively
prevalent [3]. Recent research estimated that diabetics had a twice-as-high prevalence of depression than
the general public [4]. However, certain risk factors including poor diet, inactivity, irregular sleep patterns,
and low socioeconomic status can play a significant part in activating shared physiological pathways that
cause and promote depression and diabetes [5]. For example, chronic stress stimulates the sympathetic
nervous system and hypothalamic-pituitary-adrenal axis, resulting in increased cortisol and
adrenalin/noradrenalin production, respectively [6]. Chronically elevated cortisol levels and prolonged
adrenalin/noradrenalin secretion can trigger depression (dopamine dysfunction) or diabetes (insulin
resistance) or both (disruption of hippocampal neurogenesis) [6]. Moreover, depression is more likely to last
longer and reoccur in diabetes patients than in non-diabetics and can even lead to suicide [7].

The global suicide rate is 16 per 100,000 people per year and results in the loss of nearly one million lives
each year, or one death in every 40 seconds [8]. Suicide is frequently related to a mental health illness,
particularly affective disorders (bipolar disorder and major depressive disorder). Previous research suggests
that suicide rates are often lower among individuals with medical conditions, but in areas with high suicide
rates, the presence of anxiety, depression, or diabetes is frequently implicated as a major risk factor. Though
the relationship between depression and diabetes has been studied earlier, its link with suicide risk remains
unknown, with evidence being scarce and contradictory at times [9].
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There is a considerable gap in the studies regarding the comprehensive evaluation of suicidality and
depression in diabetic patients. Therefore, the purpose of this study was to analyze the available evidence to
assess the risk of depression and suicide among diabetic patients and to determine the risk factors that
increase the risk of developing depression ultimately leading to suicide in diabetic individuals.

Review
Relative risk and prevalence of depression in diabetic patients

For many years, the prevalence of symptoms of depression in diabetic individuals has been researched. In
the late 1600s, physician Thomas Willis described patients suffering from diabetes as "...extreme
melancholy...similar to fits or other depressions and breakdowns of the animal spirit..."” Weyerer et al.
discovered that the overall risk of psychiatric problems was substantially greater (43.1%) in patients with
diabetes compared to healthy controls (26.2%) [10]. This research was supported by another study by
Anderson et al., showing that the risk of depression was twice in individuals with diabetes compared to those
without diabetes [9].

Additionally, researchers also reported in a community-based cohort study examining diabetes and
depression that the prevalence and incidence of depressive disorders were much higher in diabetic patients
than in the general population [11]. Furthermore, a population-based retrospective cohort research showed
individuals with diabetes had 1.8 times more risk of depressive symptoms over a six-and-a-half-year period
compared to those without diabetes [12]. Notably, Pouwer et al.'s findings showed that the existence of
medical comorbidity can play a major part in the higher prevalence of depression in diabetes mellitus (DM)
since depression rates in patients with DM who did not have any other comorbidity were equivalent to those
in healthy controls [13]. However, these findings require replication in larger control trials, as this study
included a small subgroup of patients with DM without any additional comorbidities compared to the other
two groups in the research.

A study investigated the impact of obesity on diabetic individuals suffering from depression. This study
found that depression was more prevalent in the overweight group compared to the normal-weight group
[14]. This research described that once people become overweight, they can become more depressed as their
BMI increases. On the other hand, obese individuals can have less concern about their weight, that is why
they feel less nervous. Furthermore, elderly persons with adequate physical capabilities and activity levels
may typically go for walks, do some exercise, and socialize with their neighbors; as a result, their moods can
be rather pleasant, and they will be at decreased risk of depression. This is consistent with the findings of
Narita et al., who found that physical activity helped alleviate depression in diabetic patients [15]. That is
one possible theory that older people can be at decreased risk of depression, while other researchers suggest
that older people with multiple diseases including DM were also more prone to suffer from depression. One
explanation for this can be increased physical burden and physical discomfort associated with various
diseases, or it can also be due to the increased financial cost. However, future studies comparing the
prevalence of diabetes among different age groups regarding diabetes types are required. As only a few
studies have shown the prevalence of diabetes according to the type.

The link between depression and diabetes

The relationship between diabetes and depression has gotten a lot of attention over the years. Studies have
shown that analyzing the processes behind the diabetes-depression relationship appears to be a difficult but
necessary effort. Recent research on diabetes and co-morbid depression suggests that diabetes can cause the
brain's small vessel pathology comparable to that found in vascular depression [16]. Vascular depression is a
kind of late-life depression in which lesions appear in specific parts of the brain impairing white matter
pathways leading to the frontal cortex. As with vascular depression, white matter hypersensitivity is
frequently observed in patients with diabetes and associated depression [17]. Another possibility for the
connection between depression and diabetes is higher glutamate levels (a neurotransmitter linked to
depression). Therefore, in a clinical trial, researchers boosted blood glucose levels in both sets of
participants including patients with T1IDM and a control group (individuals without diabetes), and examined
brain activity using functional magnetic resonance [18]. Glutamate levels were significantly higher in TIDM
patients than in the control group. This research implies that an increase in blood glucose levels can raise
glutamate levels in diabetic individuals but this is not the case with non-diabetics. While researchers
continue to look for molecular explanations for comorbid depression in diabetic patients, others write on the
difficulties associated with diabetes management and coping. Diabetes-related stress and trouble coping
may actually contribute to patients experiencing depressive symptoms. For example, diabetes management
requires self-monitoring of blood sugar levels several times a day (via fingertip lancing), insulin injections
and oral medications, care for lower limbs, adequate physical activity, and close monitoring of diet, all of
which can be quite stressful for patients [19]. Additionally, diabetic patients with concurrent depressive
symptomatology are likely to have the worst rates of poor glycemic control, medication adherence, and
higher mortality compared to those with diabetes without depression [20]. Due to the complexity of diabetes
management, some patients believe they lack the ability to handle diabetes; this frequently leaves them
feeling hopeless and depressed [21]. However, coping with diabetes can be stressful and might cause
depressive symptoms. On the other hand, depressive symptoms can result in poor self-care behaviors such
as physical inactivity, unhealthy eating habits, and increased alcohol consumption, all of which are risk
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factors for developing diabetes [22]. As a result, other research studies have revealed a bidirectional
relationship between diabetes and depression. For example, Pan et al. (2010) researched a sample of 65,381
female nurse participants and showed that both depression and diabetes are bidirectionally linked. On one
hand, data suggest that depression is slightly related to the development of T2DM; on the other hand,
diabetes significantly increases the risk of developing depression. Pan et al. propose two possible reasons for
this finding: those who use antidepressants may suffer from more severe depression or they can have a
history of depression, or antidepressants can raise the risk of acquiring diabetes. Moreover, to help explain
the bidirectional relationship, Pan et al. propose that biochemical changes in the brain associated with the
disease or its management place the diabetic individual at an increased risk of developing depressive
symptomatology, or diabetes can cause depression as a result of the stress associated with living with the
disease [23]. Other researchers have indicated similar findings; for example, researchers investigating the
relationships between glucose metabolism and depressive symptoms in a sample of individuals aged 50
years and older discovered a bidirectional relationship between depressive symptoms and diabetes in
individuals aged 52 to 64 years [24].

Factors that increase depression risk in diabetic patients

Risk factors for the presence of depression among type 2 diabetic individuals include the previous history of
depression, presence of comorbidity, younger age, lower education, low social support, low socioeconomic
status, presence of diabetic complications, poor glycemic control, and physical impairment. Similarly, some
studies investigating the link between depression and diabetes showed that type 2 diabetic females are twice
as likely to experience depressive symptoms as men with type 2 diabetes, a finding that is comparable with
depression rates for men and women in the general population [25]. However, several studies show that
certain diabetic women may experience worse health outcomes than males with diabetes. For example,
researchers assessed physical impairment in men and women with and without diabetes. According to the
findings, women with diabetes experience significantly higher rates of physical disability compared to
diabetic men [26]. Furthermore, regardless of age, women with diabetes suffer more from impaired eyesight
and mobility impairments than males with diabetes, ultimately placing them at higher risk of depression. In
a study investigating the biological risk factors for depression in diabetic women and men, researchers
discovered that higher rates of depressive symptoms in males were related to an increased risk of obesity
and diabetes problems [27]. Rates of depressive symptoms appear to vary between men and women with
diabetes, depending on biopsychosocial variables such as physical disability, obesity, and disease
consequences.

Furthermore, Fisher et al. conducted longitudinal research on 508 T2DM patients tested three times over 18
months (baseline, nine months, and 18 months) [28]. Major depression, as measured by the “Composite
International Diagnostic Interview” was present in 14.9% of patients at baseline and 19.8% at some stage
throughout the research. This study also showed that comorbidity and younger age were independently
related with maintenance of major depression across time, while female, less education, younger age, higher
glycosylated hemoglobin (HBA1c) values, and higher comorbidity were independently related with the
persistence of increased depressive symptoms.

Prevalence and risk of suicide in diabetes mellitus

Although the link between diabetes and depression is well-established, the same cannot be said for the link
between the risk of suicide and diabetes. Numerous studies on suicide risk have reported case studies of
diabetic patients who demonstrated poor self-care as an indirect predictor of self-destructive behavior and
demoralization. Additionally, some researchers, for example, Silverstein et al. warned of a possible upsurge
in the risk of suicide among type 1 diabetic adolescents [29]. Similarly, Kyvik et al. observed that young males
with insulin-dependent DM were at more risk of suicide. This study concluded that suicide can be under-
recognized as a root cause of death in these patients, but additional research studies have not been
conclusive [30].

Only a few studies have reported an increase in the suicide rate among diabetic patients. For example, Tseng
followed 256,036 Taiwanese diabetes patients from the years between 1990 and 2001 and discovered that
0.8% of deaths occurred as a result of suicide (0.14% of the total patients). Although this study did not
provide any findings regarding types of diabetes, researchers believed that the findings strongly reflected
the death among patients with T2DM [31]. Similarly, according to a meta-analysis, the suicide rate in
diabetes patients is 2.35 per 10,000 person-years, implying that around 94,000 suicides occur each year
among diabetes patients globally [32].

Another study assessed the suicide attempt prevalence and risk factors in type 2 diabetic individuals in a
Mexican community; normal BMI, depression, and younger age were all associated with a suicide attempt
[33]. According to this study, suicidal behavior was found more prevalent in type 2 diabetic individuals than
in the overall population in Mexico (11.6% in diabetic patients versus 5.2% in the general population). This
study's findings also indicated a high occurrence of suicidal behavior in type 2 diabetic patients. As a result,
mental therapies to prevent depression and suicidal behavior are important to decrease the risk of suicide
among diabetic individuals. Additional research with larger sample sizes is required to replicate and validate
these findings.
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Furthermore, a study revealed that approximately 13.3% of African Americans suffering from TIDM
attempted suicide at some point in their lives [34]. A natural comorbidity survey also indicated that the
prevalence of suicide among diabetics was also higher compared to the 4.6% of the general population who
reported attempting suicide at least once in their lifetime.

Factors that increase suicide risk in diabetic patients

Numerous demographic factors have been investigated for their possible relationship with suicidality in
people with DM. A study revealed that males appear to be at a higher risk of committing suicide. Another
research conducted on a sample of Nigerian patients showed a lower level of education was connected with
an increased risk of suicide [35]. Research data on suicide risk differs by age, sex, and diabetes type. Wibell et
al. discovered that male patients were at more risk of suicide; as nine suicides occurred, whereas only 4.5
suicides were expected (95% confidence interval [CI]: 1.0-3.8, standardized mortality ratio: 2.0) [36]. When
comparing diabetes types, type 1 diabetic individuals committed suicide compared to three persons with
T2DM (v2 = 2.56; p =0.11) [37]. Goldston et al. investigated the prevalence of suicidal conduct and suicidal
ideation (SI) in 91 DM adolescents [38]. This study discovered that the lifetime prevalence of SI was 26.4% (n
=24 of 91) in diabetic adolescents, which seemed to be greater compared to the rates observed in the general
population. This research also revealed that the length of TIDM and the prevalence of mental issues were
associated with SI in adolescents. However, suicide attempts were not more prevalent in the diabetic group
than in the overall population. Additionally, Quan et al. discovered that DM does not increase the risk of
suicide in elderly participants [39].

In 2009, Radobuljac et al. discovered that adolescent females with DM had a significantly greater prevalence
of SI than males (p = 0.001) [40]. In a clinical trial, researchers investigated self-injurious behavior in a
sample of 126 patients and discovered that 38% of those who committed acts of self-harm did go through
treatment modification (neglecting insulin to trigger hyperglycemia or injecting greater doses of insulin to
stimulate hypoglycemia) [41]. A study previously observed a higher lifetime SI prevalence in T1DM adults
and adolescents compared to other people in consideration of sex and age. They emphasized that frequent
screening for depression and SI should be done to facilitate early detection and intervention in these age
groups [42]. A comprehensive research examined the relationship between glycemic control and

suicidality. According to this study conducted on 646 diabetic patients, suicidality was shown to be strongly
linked with worse glycemic control.

Additionally, SI has been linked to depressive cognition in persons with DM. A large Korean research
discovered that depression and diabetes work synergistically to increase the risk of suicidal thoughts [43].
Several researchers have also reported similar findings. Other psychological factors, such as stress, can also
play a role in suicidal thoughts and attempt in people with DM. Female sex, the intensity of childhood
trauma, a history of alcohol misuse, and depression were all found to be strongly and independently related
to attempted suicide [44]. Additionally, individuals with diabetes often have functional disabilities including
amputations and comorbidities, for example, heart diseases, and the resulting low quality of life can
exacerbate depression and raise the risk of suicide.

On the other hand, a study revealed that T2DM suicide attempters had significantly higher blood glucose
levels than individuals with no history of suicide. Because glucose is the major source of cellular fuel in the
brain, psychological functions, for example, emotion regulation, decision-making, and self-control, highly
depend on intracellular glucose availability in the brain. Another study discovered that type 2 diabetic
patients had the maximum suicide rates; also, suicide risk rose as blood glucose levels raised. Chung et al.
reported differences in mental health according to glucose tolerance status in a sample of 34,065 subjects
and discovered that suicidal attempts, suicidal thoughts, and depressive mood for two or more consecutive
weeks were all associated with elevated blood glucose levels. This is because poor glycemic control results in
emotional stress, while emotional stress impedes treatment adherence, resulting in poor glycemic control,
which eventually increases the risk for suicide. However, this theory should be explored in the future by
including a large sample size.

The literature related to risk factors for suicidal conduct in diabetic patients is sparse. However, it has been
noted that risk factors for suicide in general, as well as those associated with chronic medical diseases, likely
apply in the context of DM as well. Risk factors can be inherent to the patient's features, such as coping
abilities, personality profile, co-occurring psychiatric disease such as depression or alcohol use disorder, and
the presence of hopelessness [45]. A patient's condition can be exacerbated by situational or either disease-
related risk factors such as a lack of social support, unfavorable life events, disease worsening, and the
accumulation of diabetes-related comorbidities. Access to the method of self-harm is yet another aspect
that influences whether a suicide plan is carried out or not. Different protective, as well as risk factors,
contribute to a patient's overall suicide risk. However, the exact mechanism through which diabetes is
associated with an increased risk of suicide is not fully known, and further research is needed to understand
this link.

Suicide commitment with antidiabetic medications

Lofman et al. conducted a study on a Finnish population to confirm the prevalence of T1IDM and T2DM in
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patients suspectable of committing suicide and to analyze the suicide technique used [46]. Almost half of
T1DM victims selected poison as a method of suicide, which was nearly double the rate for non-DM patients;
self-poisoning was similarly more prevalent among T2DM victims compared to controls. The earliest report
of high dosage of insulin use with a suicide purpose in a diabetes patient dates back to 1934 when a 50-year-
old female patient used 400 units of insulin reportedly out of depression as a result of financial concerns.
Subsequently, a number of studies have reported cases of suicide via self-administration of insulin where
the patients received medical care and were completely recovered. Another study reported that insulin
overdose was used in half of the self-poisoning cases (six of 13) among T1DM victims, but only in two
patients with T2DM (13%), and none in the non-diabetic reference group preferred this method for suicide.
Insulin has been widely used in suicidal attempts in type 2 diabetic patients. Additionally, half of the suicide
victims with TIDM were under the effect of alcohol, which when consumed in excess can increase the
hypoglycemia risk [47]. Not only insulin but its constituents like insulin lispro or glargine have also been
used for self-harm attempts. A study suggested that the use of insulin as a means of suicide attempt seems
to be more prevalent in people with TIDM compared to the patients with T2DM. This might be due to the
fact that TIDM can only be treated with insulin and hence is more easily available to these individuals. This
easier availability of insulin among depressed diabetic individuals increases the risk for suicide. On the other
hand, for the treatment of individuals with T2DM, several different pharmacological medications are given,
which cannot be delivered by an invasive approach.

However, studies have also reported an increase in suicide cases among type 2 diabetic patients who used
oral hypoglycemic agents as a means of suicide. Avci et al. reported five cases of people attempting suicide
while receiving high dosages of metformin, an oral anti-hyperglycemic medication that promotes lactate
buildup. Moreover, the research describes metformin's interactions with other medications including
ethanol, which may raise the risk of or induce lactic acidosis [48]. Lactic acidosis caused by metformin can
result in cardiac arrest and death. Apart from the aforementioned studies, studies on suicide attempts in
individuals with diabetes have reported cases of deaths associated with excessive sugar consumption,
resulting in a hyperglycemic condition. An incident of deadly self-induced hyperglycemia caused by
excessive sugared tea consumption has been described in a 15-year-old diabetic child. Similarly, mortality
has been reported with the use of the sugary solution by a patient with DM.

Conclusions

Diabetes is a major risk factor for the development of depression, and diabetic individuals are at more risk of
developing depression compared to the general population. Depression and diabetes have a bidirectional
relationship. For example, biochemical changes in the brain associated with the disease or its management,
poor glycemic control, noncompliance to medications, higher glutamate levels, and trouble coping with
diabetes place diabetic individuals at an increased risk of depressive symptomatology. On the other hand,
diabetes can cause depression as a result of the stress associated with living with the disease and its
management. Depression and diabetes co-morbidity is associated with a worse prognosis and leads to higher
medical costs than either disorder alone.

Furthermore, depression in diabetic individuals can also lead to suicide. Suicidal thoughts and behaviors are
a significant clinical and public health issue in diabetic patients. While some researchers suggest that DM is
related to an increased risk of suicidal thoughts and attempts, others find the opposite. However, younger
age, female sex, alcohol abuse, family history of suicide, and stress increase the risk of suicide in diabetics.
Additionally, access to fatal means, such as oral hypoglycemic medications and insulin, appears to facilitate
suicidal attempts. Therefore, regular assessment for suicidal thoughts and treatment of psychiatric
symptoms can help prevent potentially deadly results.
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