Shimaa Yehia Hassan Mahmoud et. al
Possible Correlation Between Type 2 Diabetes Mellitus and Parkinson’s Disease

Possible Correlation Between Type 2 Diabetes Mellitus and

Parkinson’s Disease

Shimaa Yehia Hassan Mahmoud, Akmal Ahmed Hassan Diab, Mohamed Hussein Mohamed
Ibrahim, Maha Abdelhamid Fathy

Medical Physiology Department, Faculty of Medicine - Zagazig University, Egypt
Corresponding author: Shimaa Yehia Hassan Mahmoud

E-mail: Shimaa.yehia201450@gmail.com, shimaychia@medicine.zu.edu.eg

Conflict of interest: None declared.
Funding: No funding sources

Abstract

The relationship between type 2 diabetes mellitus (T2DM) and Parkinson's disease (PD) has
garnered increasing attention, with mounting evidence suggesting a potential correlation,
although the exact nature of the association remains unclear. Several lines of evidence point
towards a shared pathophysiological mechanism contributing to the development of both
conditions. One key link involves insulin resistance and impaired glucose metabolism. Studies
have consistently demonstrated a higher prevalence of T2DM in individuals with PD compared
to the general population. This association may be explained by the observation that insulin
resistance, a hallmark of T2DM, can negatively impact dopaminergic neuronal function and
survival. Insulin signaling pathways are crucial for neuronal health, and their disruption can
contribute to dopaminergic cell loss and the development of PD pathology. Furthermore,
hyperglycemia associated with T2DM can induce oxidative stress and inflammation, both of
which are implicated in the pathogenesis of PD. Mitochondrial dysfunction, another common
feature in both diseases, provides another potential explanation for the observed correlation.
Impaired mitochondrial function leads to decreased energy production and increased
oxidative stress, contributing to neuronal damage in PD. Similarly, mitochondrial dysfunction
is implicated in the pathogenesis of insulin resistance in T2DM. Shared genetic susceptibility
may also play a role, with some genes associated with increased risk of both T2DM and PD.
However, the directionality of the relationship remains a subject of debate. It is unclear whether
T2DM increases the risk of developing PD, or if preclinical PD affects glucose metabolism,
leading to the development of T2DM. Furthermore, confounding factors like age, obesity, and
lifestyle factors need to be carefully considered when investigating this association. Further
research, including longitudinal studies with large sample sizes and carefully controlled for
confounding variables, is needed to fully elucidate the nature and strength of the correlation
between T2DM and PD, ultimately contributing to improved prevention and treatment
strategies for both diseases. Understanding the shared pathophysiological pathways could
lead to the identification of novel therapeutic targets for both conditions.
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Introduction

Worldwide, PD is the second most prevalent neurodegenerative illness [1]. Between 2015 and 2040,
its frequency is projected to more than quadruple because to rising life expectancy and an aging global
population [2, 3]. The pathological hallmarks of Parkinson's disease (PD) can be found in both central
and peripheral tissues, and the disease progresses through the neurological system. Nigrostriatal
dopaminergic neurons degenerate as a defining feature of PD. Chronic systemic inflammation,
abnormal protein buildup, and lysosomal and mitochondrial dysfunction are all disease processes that

have been found to overlap [4].

The chronic illness known as type 2 diabetes mellitus (T2DM) is marked by the dysregulation of
glucose metabolism and chronic systemic inflammation caused by the inability of pancreatic B-cells to
release sufficient insulin to overcome systemic insulin resistance. Similar metabolic dysregulation may
occur in the brain during the early stages of Parkinson's disease, according to studies [5]. Between
1980 and 2014, the worldwide prevalence of type 2 diabetes doubled, and it has already surpassed the
forecasts provided for 2030 by the International Diabetes Federation and the World Health
Organization in 2000 [6]. Type 1 diabetes (T1DM) differs from type 2 diabetes (T2DM) in that it is
an autoimmune illness that causes the pancreatic  cells to be destroyed [7]. The link between PD and
autoimmune illnesses, such as type 1 diabetes, has only been explored in a small number of

publications [8-10], although this review does not go into greater detail on TIDM.

The common therapeutic approaches to type 2 diabetes and Parkinson's disease [4, 13, 16, 17] and
the relationship between the two diseases [4, 11-15] have both been covered in prior review papers.
This study updates previous discussions on the epidemiological link between type 2 diabetes and
Parkinson's disease, the commonalities in the pathophysiology of the two diseases, and the methods

used to treat both conditions.
PARKINSON'S DISEASE AND TYPE 2 DIABETES MELLITUS: A CONNECTION
An increased risk of PD is linked to T2DM.

Sandyk was the first to report a link between type 2 diabetes and Parkinson's disease in 1993. He
found that those with both conditions had poorer motor symptoms and a lower response to therapy
[18]. Although a more current estimate indicates that only approximately 20% of PD patients had

obviously impaired glucose metabolism, a significant prevalence of poor glucose tolerance tests was

found in the same study (50-80%) [19].

The correlation between type 2 diabetes and Parkinson's disease has been the subject of a great deal of

research in the years that followed. The results of various prospective cohort studies show that type 2
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diabetes is linked to a higher risk of Parkinson's disease [20-22]. For instance, one US prospective
study indicated that type 2 diabetics were 40% more likely to acquire PD [21], and a big Finnish study
indicated that individuals with T2DM had an 85% greater chance of developing PD [20]. Patients
with type 2 diabetes mellitus had a 28% increased chance of developing PD, according to a 2016
meta-analysis that compiled effect estimates from seven cohort studies that looked at the general

population [23].

There is evidence between type 2 diabetes and an increased risk of Parkinson's disease (PD), according
to observational studies that have used various research approaches. An elevated risk of PD of 32%
was found to be connected with type 2 diabetes, according to a comprehensive study that used
routinely collected health record data in the UK [24]. The same holds true for Taiwan, where a
retrospective study indicated a 23% higher risk of PD in T2DM patients [25], and Denmark, where
a case-control study indicated a 36% higher risk of PD in T2DM patients [26]. Although multiple
studies have shown that type 2 diabetes raises the chance of acquiring Parkinson's disease, the actual
risk of developing the disease in persons with type 2 diabetes seems to be less than 1%, notwithstanding
these connections. One study found that out of 2,017,115 people with type 2 diabetes, 14,252 (or
0.7% of the total) also had PD [24].

Because of the potential for bias and confounding in observational research, it is unclear if the
correlation between type 2 diabetes and Parkinson's disease reflects a real causal relationship between
the two diseases. Patients with type 2 diabetes may be at increased risk for developing PD due to the
use of oral anti-hyperglycemic medications, which could obscure any links between the two
conditions. There is some evidence from a variety of trials that GLP-1 agonists, metformin, and
thiazolidinediones may lower the incidence of PD in type 2 diabetic individuals [27-31]. Other
vascular risk factors or a high body mass index (BMI) are examples of confounders that may skew

impact estimates because of their connections with type 2 diabetes and Parkinson's disease [20, 32,

33].

Several more factors can also contribute to bias in observational research. There may be bias in
enhanced medical surveillance due to the higher likelihood of patients with T2DM having increased
interaction with healthcare providers [22]. Reverse causality is another potential source of bias; for
example, a correlation between PD and an increased likelihood of type 2 diabetes diagnosis. The
hypoglycemic state is regulated by insulin receptors in the substantia nigra, which are implicated in
food behavior promotion. Consequently, glycaemic regulation may be affected by dopaminergic
neuronal loss [22]. When the first symptoms of Parkinson's disease (PD) manifest, it is well-known
that a significant number of dopaminergic neurons have already died out. Thus, even in prospective

studies with lengthy follow-up periods, it is challenging to reduce the impact of reverse causation [22].

Longer follow-up periods in prospective cohort studies increase the likelihood of participant dropout
and bias due to attrition. The consequence will be a loss of precision without biassing the effect

estimate if the probability of loss to follow-up does not relate to exposure, in this example diabetes.
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The effect estimate could be skewed in either direction, though, if diabetes is linked to a higher or

lower likelihood of staying under follow-up, which is a possible association.

There has not always been a favorable link between type 2 diabetes and Parkinson's disease, but that
is generally what the research mentioned above have found. Recent cross-sectional research using the
NEDICES database found no evidence of a connection between type 2 diabetes and Parkinson's
disease [34]. Patients with type 2 diabetes for more than ten years may be at increased risk for PD,
according to a subanalysis [34]. On the other hand, a different US prospective cohort study failed to
discover a substantial link between type 2 diabetes and the risk of Parkinson's disease [35]. A meta-
analysis of fourteen case-control studies found that type 2 diabetes was linked to a lower incidence of
PD (summary odds ratio 0.75) [36], further complicating matters. Type 2 diabetes was also discovered
to be inversely related to PD in a recent large-scale cross-sectional investigation that relied on self-
report data [37]. Nevertheless, in addition to the aforementioned biases in cohort studies, there may
be additional design difficulties in cross-sectional and retrospective case-control studies that impact

results.

When it comes to type 2 diabetes and Parkinson's disease, various groups have discussed how pooled
impact estimates from cohort studies and case-control studies differ. From the prospective cohort
studies, a meta-analysis of four investigations found a pooled risk ratio for PD in diabetic patients of
1.37; from the case-control studies, an inverse connection (pooled odds ratio of 0.56) between diabetes
and PD was described [32]. After that, researchers analyzed data from nine case-control studies and
four cohort studies, finding pooled effect estimates of 0.72 and 1.31, respectively, [38]. Even later, the
same occurrence was found in the aforementioned meta-analyses as well as in separate analyses of seven
cohort studies (RR1.37) and fourteen case-control studies (OR0.75) [23, 36]. Differences in impact

sizes across studies are usual, but a stark reversal in direction calls for more investigation.

Survival bias, an issue in studies using a retrospective case-control design, may account for the
discrepancy between case-control and cohort studies. The inverse association between type 2 diabetes
and peripheral vascular disease (PD) in these contexts has received little attention up until now, but it

may be due to the higher mid-life mortality rate among diabetic patients [36].

This possibility was investigated by selecting the case-control studies that were part of the meta-
analyses conducted by Cereda et al., 2011, Noyce et al., 2012, and Lu et al., 2014. Each study's odds
ratio for PD risk was plotted against the mean age of participants (Fig. 1). research with the oldest
participants had the highest odds ratio for PD, whereas research with the youngest participants had
the lowest. Since most people have diabetes in their mid-to late-life years and PD in their late-to-old-
age years, this may suggest that the risk of PD grows with the length of time that people are exposed
to type 2 diabetes. The low incidence of PD in mid-life and premature mortality in people with T2DM
before they acquire PD could potentially explain, in part, the inverse correlation in studies with
youngest mean age. Evidence suggests that the risk of early death is higher for people diagnosed with
type 2 diabetes before the age of 45 compared to those diagnosed after the age of 45 [39]. In addition,
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comorbidities including nephropathy and cardiovascular disease, which raise the risk of early mortality,

are more common in younger people diagnosed with type 2 diabetes [40, 41].
Hyperglycemia accelerates the course of Parkinson's disease.

Research has shown that type 2 diabetes worsens the PD phenotype, including cognitive impairment
[42—45], axial motor symptoms (gait abnormalities and postural instability), and the initial report by
Sandyk [18].

Among PD severity measures, such as the motor component of the Unified Parkinson Disease Rating
Scale (UPDRS) and the Hoehn and Yahr stage, a case-control study found that individuals with type
2 diabetes who went on to develop PD had higher scores [46]. Patients with both PD and type 2
diabetes mellitus (T2DM) were found to have motor issues an average of 12 months sooner, regardless
of medication or other disease variables, according to another case-control study of 72 patients with
PD [47]. Results from cognitive tests administered at the bedside, striatal dopamine transporter
availability measured by 18F-FP-CIT PET imaging, cortical thickness measured by MRI, and disease
severity evaluated in a retrospective cohort study of PD patients were considered. All four outcomes
were significantly impacted negatively by the presence of T2DM, according to the investigators [33].
Also lending credence to the idea that the disease progresses more rapidly in type 2 diabetics is a
prospective cohort study that discovered reduced binding of the striatal dopamine transporter and
accelerated deterioration in motor and cognitive function in these patients [48]. Some research
suggests that the more severe phenotype may be mediated by microvascular illness rather than striatal

dopamine or even cholinergic deficiencies, so these traits are not always caused by dopamine depletion

(43, 44].

Research on structural PD alterations in patients with concomitant type 2 diabetes has made use of
magnetic resonance imaging (MRI). Cortical atrophy is more pronounced in PD patients with type 2
diabetes compared to those without the disease, according to a cross-sectional research [49]. Perhaps
indicating a more rapid deterioration in executive function, these results were most pronounced in the
prefrontal cortex of the brain [49]. Cortical thinning in the right inferior temporal cortex was shown
to be substantially more common in PD patients with type 2 diabetes compared to those without the
disease, according to a separate study [33]. These findings and the clinical variables that correlate with
them require further replication. Several neurodegenerative illnesses are characterized by an increase
in cerebrospinal fluid tau, a fluid biomarker that indicates the death of neurons. Therefore, it is a
general indicator of how bad a neurodegenerative process is. Compared to PD patients without type
2 diabetes, those with the disease exhibited elevated tau CSF levels, according to a recent cross-sectional
study that used data from the Parkinson's Progression Markers Initiative [48]. In other
neurodegenerative disorders, researchers have found that patients with mild cognitive impairment who

also have type 2 diabetes had a greater quantity of tau protein in their cerebrospinal fluid (CSF) [50].

Type 2 diabetes mellitus and parkinson's disease share mechanisms in pathophysiology.
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Common pathogenic pathways of insulin resistance in the brain and throughout the body

There is mounting epidemiological data linking PD with T2DM, and there is also mounting
experimental evidence suggesting that the disease processes and pathways may overlap. One of the
hallmarks of type 2 diabetes for quite some time now is systemic insulin resistance. Neurodegenerative
disorders, including Alzheimer's disease (AD) and other dementias [51], and Parkinson's disease (PD)
[52], are associated with insulin resistance in the brain, according to recent investigations. Insulin
resistance, whether systemic or local, may contribute to brain disease. Possible mechanisms by which
systemic insulin resistance manifests include hyperglycemia and its complications [10], microvascular
illness, chronic inflammation, and blood brain barrier dysfunction; comorbidities like hypertension,
dyslipidaemia, and renal impairment [51] can exacerbate these issues. Protein aggregation, localized
insulin resistance in the brain, and impaired clearance pathways can all operate independently of

systemic insulin resistance [51, 53].
Type 2 diabetes and Parkinson's disease may share a same etiology: insulin dysregulation.

Both the basal ganglia [4] and the substantia nigra [59] express insulin receptors; these are the regions
of the brain that Parkinson's disease patients often experience the greatest damage to. Insulin resistance
may lead to decreased insulin-dependent dopamine release in the striatum [62], decreased dopamine
turnover [61], and decreased expression of surface dopamine transporters in the striatum [60],
according to studies conducted in animal models. One of the most popular animal models for
Parkinson's disease is MPTP-treated rats, which generate parkinsonism through oxidative stress in
dopaminergic neurons, leading to mitochondrial malfunction and cell death [63]. The observation
that mice treated with MPTP show concurrent elevations in the production of pro-inflammatory
cytokines and a-synuclein in both the pancreas and the midbrain suggests the possibility of organ-
specific connections between PD and type 2 diabetes [64].

So far, human volunteers have only been used in a small number of mechanistic research. Insulin
receptor mRNA levels were shown to be lower in postmortem human brains with PD compared to
control brains in a 1996 study [65]. This was likely linked to neuronal death in the substantia nigra.
These results, however, are not easily interpretable owing to methodological shortcomings and a
limited sample size. On the other hand, insulin resistance was observed to be increased in the brains
of PD patients, according to a functional brain imaging study that included 63 aged adults [52]. To
deepen our understanding, future human studies should investigate the shared pathogenesis of insulin

dysregulation and PD.
Amyloid aggregation occurs in PD and T2DM

Misfolded proteins can accumulate to create amyloid aggregates; this is a hallmark of both type 2
diabetes and Parkinson's disease. Cellular malfunction and mortality are caused by the aggregation of

islet amyloid polypeptide (IAPP) in pancreatic 8 cells in type 2 diabetes [66, 67]. Lewy bodies, the
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pathogenic characteristic of PD, are formed when a-synuclein aggregates into oligomeric and then

fibrillar structures, as previously mentioned [68].

According to a recent study, there is cross-reactivity between IAPP and a-synuclein, and it was shown
that IAPP in type 2 diabetes can lead to a-synuclein aggregation [69]. Pancreatic proximity ligation
tests provided further proof of protein-protein interaction [70]. Pancreatic 3-cells in most individuals
with PD or T2DM contained aggregates of phosphorylated a-synuclein, and deposits of a-synuclein
were found to be co-localized and interact with IAPP. A different research found that the insulin
degrading enzyme (IDE) can attach to a-synuclein oligomers and thereby prevent a-synuclein
aggregation [53]. Insulin resistance can potentially increase the risk of PD or worsen the disease in

type 2 diabetic patients by inhibiting IDE and leading to the development of a-synuclein fibrils [53].

In a separate study, researchers used co-immunoprecipitation studies to determine that a-synuclein
interacts with Kir6.2 to decrease insulin secretion. Kir6.2 is a subunit of the ATP-sensitive potassium
channel in pancreatic beta cells [71]. There may be a role for neuronal Kir6.2 in Parkinson's disease
[72], as it is implicated in the downregulation of dopamine release in the brain. The PI3K/Akt
pathway, which is implicated in increasing a-synuclein production, IDE aggregation and inactivation,
and GSK3[ activation, was shown in another work conducted in an MPTP animal model [73]. A
research that looked at PD brains after death found that a-synuclein and GSK3p levels were higher,
and that tau hyperphosphorylation was also higher in PD patients [74].

Inflammation throughout the body and activation of microglia raise the danger of type 2 diabetes and

Parkinson's disease.

In the brain and spinal cord live immune cells called microglia, which are mononuclear and
phagocytic. By releasing neuroprotective substances, they aid in synaptic repair and are typically
implicated in the elimination of injured neurons [75]. Both inflammatory and anti-inflammatory
phenotypes of microglia activation are possible. As an illustration, microglia can be induced to activate
their inflammatory response and release pro-inflammatory cytokines such TNFa, interleukin (IL) 183,
and IL6, which in turn drive neuroinflammation, when exposed to lipopolysaccharide [76]. Increased
microglial activation was detected on PET imaging in a study of fourteen PD patients [77]. Research
has demonstrated that individuals with Parkinson's disease (PD) have elevated levels of inflammatory
mediators including IL1PB, IL6, and TNFa in their brains, which is a result of microglial activation

and the subsequent release of inflammatory cytokines [78].

Prolonged microglial activation may have detrimental effects on PD progression [80], whereas initial
microglial activation is typically linked with neuroprotection [79]. The NFkB and PI3K/Akt
pathways, which govern microglial activation and the production of inflammatory mediators, are
impacted by insulin resistance, which in turn affects neuroinflammation [76] (Fig. 2). Furthermore,
it has been observed that inflammatory cytokines like TNFa can cause IRS1 to become inactive, which

therefore prevents the activation of downstream mediators, creating a vicious loop [57]. Advanced
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glycation end-products (AGEs) can be formed in several parts of the brain, including the substantia
nigra, in individuals with type 2 diabetes due to insulin resistance [4]. The interaction between AGEs
and their receptor, RAGE, triggers subsequent pathways that cause oxidative stress, inflammation, and
the death of neurons [81]. Lewy bodies include AGEs in addition to o-synuclein, which is an
intriguing finding [16]. In multiple ways, glycated a-synuclein can exacerbate the course of PD. The
production of a-synuclein oligomers and the induction of cross-links by glycation enhances the
aggregation of a-synuclein. These smaller aggregations of a-synuclein seem to be more harmful than
bigger ones [81]. In addition, the process of glycation prevents the normal clearance of a-synuclein,
which is controlled by ubiquitin, proteasomes, and lysosomes, leading to the buildup of a-synuclein
[16]. The glycation agent methylglyoxal (MGO) hinders the ubiquitin-proteasome system, which is
responsible for breaking down a-synuclein. This leads to an increase in the buildup of a-synuclein,

which could exacerbate the progression of Parkinson's disease [81].

The role of oxidative stress and mitochondrial dysfunction in the development of type 2 diabetes and

Parkinson's disease was

When mitochondrial proteins aren't working propetly, it leads to more oxidative stress and cell death.
By targeting complex I, the initial enzyme in the mitochondrial respiratory chain route, MPTP causes
neuronal death and neurodegeneration in animal models of Parkinson's disease [13]. Type 2 diabetes
and Parkinson's disease may overlap symptoms of mitochondrial dysfunction [82]. Excessive oxidative
stress is associated with impaired insulin signaling in PD [84, 85], and a new study demonstrated that
prolonged insulin resistance in diabetic db/ db mice can lead to mitochondrial breakdown and
degeneration of dopaminergic neurons [86]. The PI3K/Akt pathway is involved in the inhibition of
FOXO1 by IRS1 and IRS2, according to studies conducted in rodent models [85, 87]. This leads to
dysfunctional ATP synthesis, fatty acid oxidation, ROS formation, and oxidative stress. It is probable
that mitochondrial dysfunction and oxidative stress play a significant role in the etiology of PD and
may be relevant to the association with type 2 diabetes, but the precise process by which these factors

contribute to PD is still unknown.
Insulin resistance impairs synaptic plasticity in PD

When dopamine levels drop in Parkinson's disease, synaptic plasticity occurs, leading to an increase in
the expression of factors that inhibit movement and a decrease in the expression of factors that promote
movement [88]. Synaptic remodeling has a role in both the development and storage of memories, as
do the two primary components of synaptic plasticity, long-term depression (LTD) and long-term
potentiation (LTP) [89]. For long-term memory consolidation, dendritic regeneration, neuronal shape
reconfiguration, and synaptic plasticity via actin aggregation, the activation of mTORCI1 and

mTORC2 must occur simultaneously [90].

Through direct activation of glutamate NMDA receptors [57] and an increase in the extra-synaptic
trafficking of GluAl AMPA receptors in neurons [91], which is important in boosting synaptic
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strength and regulating LTP [92], insulin increases NMDA-mediated neurotransmission. Synaptic

transmission was reported to be impaired in streptozotocin-induced diabetic rats due to a decrease in

NMDA and AMPA receptor expression [93].

The common pathophysiological processes linking T2DM and PD offer new avenues for research into

the use of T2DM therapeutic approaches repurposed for use in PD.
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