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Abstract

Cognitive impairment, including memory problems or pathologies related to 
thought processes, can be caused by mental, neurodegenerative, and somatic 
diseases. Parkinson’s disease, Alzheimer’s disease and vascular disease are com-
mon in elderly people who are burdened with chronic diseases such as diabetes 
and can contribute to the deterioration of cognitive functions. Research indi-
cates a possible neuroprotective effect of antidiabetic drugs used in the treat-
ment of type 2 diabetes. Therefore, the use of incretin drugs and fluids in order to 
improve cognitive functions seems to be very promising.

Key words: Alzheimer’s disease (AD), Parkinson’s disease (PD), Neuroinflamma-
tion, Glucagon-like peptide-1 (GLP-1), DPP-4 inhibitors
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Cognitive functions in elderly – introduction

Cognitive functions are activities that serve a  person in obtaining spatial 
orientation, information about themselves and their own body, analyzing 
the situation, formulating conclusions, making appropriate decisions and 
acting [1]. These include perceptual, attention, memory, thought, language, 
learning, and executive functions [1].

The quality of cognitive functions declines with age. It manifests itself 
through deterioration of memory, reaction, focus, reasoning, and accidents 
from structural changes, and aging [2]. According to some authors [3], the 
deterioration of cognitive functions contributes to the increased risk of 
Alzheimer’s disease.

The incidence of dementia increases with age: in people aged 60–64 it 
is 1–2%, aged 75–79 years – 6–8%, over 90 years – over 35% [4]. Also, earlier 
occurrence of mild cognitive impairment (MDI; cognitive impairment that is 
greater than expected for a given age but does not significantly affect daily 
functioning) increases the risk of future dementia [5].

Many mechanisms can lead to the development of cognitive dysfunc-
tion. J. Dzierzewski et al. [2] mention, among others, deposition of amyloid-β 
and Tau protein, increased neurodegenerative processes, hypoxia, vascular 
changes, low physical activity, and sleep problems.

One of the risk factors of cognitive impairment is type 2  diabetes 
(T2D) [12]. It is associated with an increased risk of mild dementia, compared 
to the general population [13], and a  faster transition of MDI to dementia 
[14]. In diabetic patients, the aging process begins earlier and progresses 
faster – this also applies to cognitive functions [1]. People over 60 years of 
age, 4 years after the diagnosis of diabetes, showed a significant deteriora-
tion of cognitive functions compared to healthy people. At the same time, 
it occurs more often than in people of the same age without disturbances 
in carbohydrate metabolism [1]. In a meta-analysis involving over a million 
patients, the risk of dementia in people with diabetes was almost twice as 
high as in people without diabetes. It concerned both Alzheimer’s disease 
and vascular dementia [15].
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This disease is associated with an increased risk of vascular pathologies in 
a more significant way than with atherosclerosis and neurofibrillary tangles 
characteristic of Alzheimer’s disease [16]. Endocrine system disorders may 
cause degenerative-atrophic changes in the CNS [1]. Also, episodes of hypo-
glycemia occurring in the course of diabetes increase the risk of developing 
dementia [14].

Cognitive impairment in patients with diabetes mellitus is associated 
with worse self-control, glycemic control, and greater incidence of hospitali-
zations, episodes of severe hypoglycemia, and cardiovascular events [14].

Although the subject is not new, the question of the influence of dia-
betes on cognitive functions has not been well researched [1]. The society 
gets older, that is why the problem of dementia is current and we found the 
possibility of stopping it using antidiabetic drugs very interesting. The life 
expectancy prolongs, and it is important to provide a good quality of the life 
for the elderly people. Antidiabetic drugs, which connection with cognitive 
functions we researched, are supposed to be a good prophylaxis of dementia 
in elderly patients.

Influence of incretin drugs on cognitive functions in Alzheimer’s Disease:
Alzheimer’s disease (AD) is a neurodegenerative disease that is the most 

common cause of dementia in the world [17]. Most often it appears after the 
age of 65, while in the case of a  genetically determined form, the disease 
emerges around the age of 45 [17]. The disease affects about 3% of people 
aged 65–75, 17% aged 75–84 and 32% of people over 84 years of age. This 
number is expected to increase to 13.8 million by 2050 [34].

The background of the disease includes deposition of β-amyloid (Aβ) 
plaques as well as hyperphosphorylated tau protein in neurofibrillary neu-
ron tangles (NFT), which results in decreased function or loss of synapses 
and neurodegeneration [17, 34]. The lesions attack the areas of the cerebral 
cortex and the hippocampus, most often starting from the frontal and tem-
poral lobes, where senile plaques and neurofibrillary tangles are initially de-
tected [17, 18].

Aβ is a natural product of the cleavage of amyloid precursor protein (APP) 
into peptides of different lengths in healthy individuals, Aβ is rapidly broken 
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down. In patients with AD, the main aggregation is the Aβ42 isoform with am-
yloidogenic properties, which increases the plasma Aβ42/ Aβ40 isoform ra-
tio. Abnormal amyloid plaque (Aβ) contributes to the hyperphosphorylation 
of the tau protein, which spreads to neighboring neurons causing their death 
[18]. Dysfunction of the APO-E gene on chromosome 19, which encodes the 
apolipoprotein E (APOE) protein involved in the catabolism of lipoproteins, 
also contributes to the development of the disease [17, 18]. APOE exists in 
3 isoforms: APOE2, APOE3 and APOE4. Studies have shown that APOE4 is as-
sociated with an increased risk of AD and a reduced risk of developing the 
disease associated with APOE2 [17].

AD proceeds from cognitive and functional deterioration [34]. Episod-
ic memory disorders, i.e. the ability to encode new information and create 
memories, occur in the early stages of the disease [18, 19]. Then there are top-
ographic difficulties, problems with multitasking and loss of self-confidence. 
As the disease progresses, the disorders worsen and become more and more 
burdensome in everyday life. Later in the disease, cognitive disorders may be 
accompanied by behavioral changes, impaired mobility, hallucinations and 
convulsions [35].

One of the risk factors for AD in addition to age is diabetes mellitus (DM). 
Evidence suggests a 2-fold higher risk of AD in people with DM compared 
to healthy people [28]. One of the common features of both AD and DM is 
the presence of aberrant insulin signaling [29]. Research has shown that in-
sulin signaling influences neuronal function, the disturbance of which leads 
to Alzheimer’s disease. Additionally, in diabetics, disturbances in insulin sig-
naling may contribute to the progression of AD [36]. Chronic peripheral hy-
perglycemia is responsible for cognitive impairment in DM, additionally, pa-
tients suffer from chronic peripheral hyperinsulinemia and insulin resistance 
[24]. Hyperinsulinemia can cause insulin resistance in the nerve tissues that 
build the brain, which interferes with the activity of the insulin receptor and 
results in defective transport to the brain [25]. In the brains of AD patients, 
decreased insulin sensitivity was observed despite the lack of concomitant 
diabetes [24, 25]. The presence of insulin resistance reduced Aβ degradation 
by the insulin-degrading enzyme (IDE), while the resulting amyloid plaque 
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accumulation caused the destruction of insulin receptors from the cell sur-
face. Additionally, a decrease in insulin signaling results in an increase in the 
activity of glycogen synthase 3 kinase (GSK-3β) and leads to abnormal phos-
phorylation of the tau protein [27]. Impairment of insulin signaling may affect 
cognitive functions in both DM and AD [19–21]. Both in the course of DM 
and PD, mitochondrial function disorders, increased inflammation, amyloid 
plaque deposition and excessive oxidative stress also occur [26].

Glucagon-1-like peptide (GLP-1) is a hormone secreted in the small intes-
tine in response to the food it receives, but it can also be synthesized in the 
central nervous system by cells of the solitary nucleus (NTS) [32]. A study us-
ing a GLP-1 receptor agonist showed increased proliferation and decreased 
degradation of pancreatic β cells, decreased gluconeogenesis, and increased 
insulin production, and may also provide protection against oxidative dam-
age [33, 34]. Liraglutide and exenatide, which are GLP-1 agonists, inhibit AD 
progression and neurodegenerative processes, reducing the level of Aβ [34]. 
GLP-1, after crossing the blood-brain barrier, binds to its receptor, which re-
sults in the activation of signaling pathways, facilitating insulin signaling. Ad-
ditionally, GLP-1 may act as a growth factor in the brain, causing synaptogen-
esis and neurogenesis [34].

Dipeptidyl peptidase-4 (DPP-4) inhibitors are currently used in the treat-
ment of type II diabetes (T2DM). Studies show their possible effectiveness in 
the treatment of AD [26]. Linagliptin and sitagliptin belong to the group of 
DPP-4 inhibitors [26]. Linagliptin enhances insulin signaling, thereby reduc-
ing tau protein hyperphosphorylation by preventing GSK3β activation [26, 
27]. In a mouse study on the use of Linagliptin in AD, a reduction in the Aβ42/
Aβ40 ratio was also noticed, which resulted in reduced formation of senile 
plaques in the extracellular space and reduced NFT deposition, which in turn 
improved cognitive functions [27].

Research confirms that sitagliptin also reduces the accumulation of Aβ 
in the brain structures by about 60%, which may be related to the stromal 
cell-derived factor 1α (SDF-1α) [31]. DPP-4  inhibitors inhibit DPP-4, which 
reduces the activity of the SDF-1α/CXCR4  axis. The probable cause of CNS 
neurogenesis in adults may be the proliferation of neuronal stem cells (NSCs) 
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and hemopoietic stem cells (HSCs) stimulated by the SDF-1α/CXCR4 Axis and 
the migration of NSCs and HSCs to pathologically altered areas [30]. Block-
ing DPP-4 with DDP-4 inhibitors enables the action of the SDF-1α/CXCR4 axis 
and thus promotes neurogenesis also that the SDF-1α/CXCR4 axis regulates 
synaptic transmission, neuron excitability, which promotes the regeneration 
of lost neurons in the diseased brain. Neurogenesis, on the other hand, in-
fluences learning and memory processes that are disturbed in AD [30]. It has 
been proven that signal propagation in glial networks and reduces Aβ ac-
cumulation (Bezzi et al., 2001, Wang et al., 2012b). CXCL12/CXCR4 signaling 
promotes synaptic integration and reduces beta amyloid deposition through 
astrocyte-mediated glutamate release in CA1 [14]. Additionally, DPP-4 inhibi-
tors slow down the enzymatic degradation of GLP-1, extending its half-life in 
the blood and enhancing its effect [30, 31]. Moreover, sitagliptin reduces the 
level of markers of inflammation and oxidative stress and improves cognitive 
functions in the elderly [31].

Influence on the course of Parkinson’s disease

Parkinson’s disease (PD) is one of the most common neurodegenerative 
disorders in which there is a loss of dopaminergic (DA) neurons in the sub-
stantia nigra of the midbrain [37]. PD is characterized by the presence of the 
Lewy bodies, formed by fibril proteins, mainly α-synuclein [37]. A-synuclein 
is a protein involved in inter-vesicular transport. Its erroneous folding leads 
to a change in the conformation into a β-sheet and aggregation into larger 
structures that may have neurotoxic effects, e.g. by impaired axonal trans-
port or synaptic dysfunction [37]. Neurological deficits are visible in the area 
of motor functions (e.g. ataxia), but there are also problems with memory, 
unexplained pain, mood and sleep disturbances [38].

In the aging global population, we can observe an increase in the inci-
dence of Parkinson’s disease [39]. According to data from 2017, about 1 mil-
lion people are struggling with this disease, most often they are elderly 
people around the age of 60, although the disease is more and more often 
diagnosed in much younger patients, even around the age of 40  [40]. It is 
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estimated that by 2030 the number of people with PD will increase by over 
50% [41]. Metabolic diseases are one of the risk factors for neurodegenerative 
disorders [42], therefore diabetics are approximately twice as likely to devel-
op dementia [43].

Diabetic patients are more prone to PD [44]. It is associated with the par-
ticipation of insulin resistance and chronic microglial inflammation in the 
pathogenesis of PD [44]. The study shows [45] that α-synuclein reduces the 
activity of the insulin signaling pathway by abnormal activation of P13 K, AKT, 
mTORC1  pathways, and also due to activation of JNK [45]. This causes, for 
instance reduction of tissue sensitivity to insulin and loss of homeostasis [45]. 
Insulin resistance, initiated by aggregation of alpha-synuclein, enhances its 
accumulation, which is the self-propelling mechanism of PD [46].

Incretin drugs used in the treatment of diabetes, i.e. glucagon-like pep-
tide 1 (GLP-1) and glucose-dependent insulinotropic peptide (GIP), can find 
their application in the treatment of Parkinson’s disease by influencing the 
mechanisms causing it [47]. The positive effect of incretin drugs in patients 
with PD is indicated by a study [48] involving 45 patients with non-coexist-
ing diabetes who were administered exendin-4 for 12 months, a significant 
improvement in physical activity and cognitive parameters was observed by 
an average of 2.7 points on the MDS-UPDRS. Moreover, 12 months after the 
end of drug administration, these parameters did not change. Phase II dou-
ble-blind studies confirmed the previous findings [48]. GLP-1 may help not 
only in the treatment of Parkinson’s disease, but also in other neurodegener-
ative diseases due to its positive effect on cognitive-motor function [49]. Stim-
ulation of the GLP-1 receptor increases the expression of complex I, formed 
in the basal cytoplasm from cytochrome c and the Apaf-1 protein, and Bcl-2, 
and also reduces the activation of caspase-3, which allows the maintenance 
of mitochondrial function in dopaminergic neurons and translates into im-
proved levels of striatal dopamine in diabetics with PD [50].

GLP-1 analogs are capable of crossing the blood-brain barrier. They show 
neuroprotective effects of GLP-1  receptor stimulation and improvement in 
both motor and non-motor disorders [51]. A  study conducted with the use 
of a  GLP-1  receptor agonist showed increased proliferation and decreased 
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degradation of pancreatic β cells, decreased gluconeogenesis and increased 
insulin production [52]. Exendin-4 protects pancreatic β cells by improving mi-
tochondrial function and inactivating FOX01. Reversal of biochemical and be-
havioral deficits after the use of GLP-1 analogues has also been reported [52].

The same is true of the sister hormone GIP, which as a growth hormone is 
important in resuming the body’s use of energy (this drops significantly with 
PD). GIP analogues reduce the inflammation of cells of the immune system. 
Improvement in motor activities and exploratory behavior was also noted 
[53]. It is very important for the function of nerve cells and the connections 
between them that both hormones are growth hormones – thus the number 
of synapses is maintained [54].

After many studies showing the positive effect of incretin drugs on the 
course of PD, other therapies have been explored. Rosiglitazone, a thiazoli-
dinedione drug, lowers glucose levels by improving the insulin sensitivity of 
cells. Its main task is to regulate the formation of new cells that build adi-
pose tissue together with glucose and metabolism [55]. In the experiment 
from 2016, the degeneration of dopaminergic cells in rodents was achieved 
(so that, similarly to Parkinson’s disease, cytoplasmic Lewy bodies, oxidative 
stress and characteristic stiffness were produced). Thanks to these actions, it 
has been proven that therapy with a drug from the thiazolidinedione group 
responds to inflammation in the body, with the weakening of the activity 
of central nervous system cells, with pro-inflammatory cytokines, oxidative 
stress and astrocytic gliosis. Additionally, it inhibits a very important enzyme 
in the metabolism of dopamine [45].

The data from the United Kingdom Clinical Practice Research Datalink 
(CPRD) database on the incidence of PD in diabetics depending on the medi-
cations taken was also analyzed. In people taking rosiglitazone, the incidence 
of PD was 28% lower than in people taking other drugs for diabetes [21].

Influence on vascular diseases of central nervous system

Worldwide, stroke is the second leading cause of death and the third leading 
cause of disability [56]. Currently, early reperfusion is the only FDA-approved 
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therapy proven to be highly effective and to reduce disability in patients un-
dergoing intravenous thrombolysis (IVT) and endovascular thrombectomy 
(EVT) [58–60].

Due to the high number of deaths, more and more researchers are trying 
to develop complementary treatment strategies that would reduce damage 
to nerve cells or even help renew them. Drugs used in the treatment of diabe-
tes mellitus type 2 (DM2) are also of great interest, especially GLP-1 analogs 
(glucagon like peptide-1), with liraglutide being a  representative of which. 
Many data suggest that it may have neuroprotective effects [59]. Liraglutide 
is widely used in the treatment of diabetes mellitus type 2, administered sub-
cutaneously once a day and in obesity [61]. The mechanism of action leads to 
binding GLP-1 to the glucagon-like peptide-1 receptor (GLP-1R) and secrete 
insulin in a glucose-dependent manner, and cause lowers of glucose level. 
Activation of GLP-1R also leads to the induction of proliferation and increased 
resistance to apoptosis of beta cells. It exerts glucoregulatory effect via slow-
ing of gastric emptying and glucose-dependent inhibition of glucagon se-
cretion [62]. For potentially and neurological benefits, it is important that it 
crosses the blood brain barrier (BBB) [63] and it is also dipeptidyl peptidase-IV 
(DPP-4) resistant analogues of human GLP-1 [64].

The result of ischemia, in particular late reperfusion, is the production 
of reactive oxygen metabolite, which in turn contribute to the activation of 
processes leading to cell death [65]. Clinical research suggests that liraglu-
tide is a  neuroprotective agent, it may prevent apoptosis and reduce oxi-
dative stress [66] and also has antioxidant effects and increases the level of 
vascular endothelial growth factor (VEGF). On the report of Steven P Marso 
et al. [67] liraglutide reduced the rate of the first occurrence of death from 
cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke 
among patients with type 2 diabetes mellitus. According to Zhu et al. [68] 
liraglutide reduced infarct volume caused by the occlusion of middle cere-
bral artery occlusion (MCAO), decreased neurological deficits and decreased 
stress-induced hyperglycemia. Liraglutide inhibited cell apoptosis by reduc-
ing reactive oxygen stages (ROS) as well, increased the expression level of 
the anti-apoptotic Bcl-2 and Bcl-xl proteins, while it decreased the expression 
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level of the pro-apoptotic Bax and Bad proteins. As stated by Briyal S et al. 
[69] the administration of liraglutide for 14 days before induction of MCAO 
markedly attenuated infarct volumes, neurological deficit and the reduc-
tion of oxidative stress markers. Terminal deoxynucleotidyl transferase (TdT) 
dUTP Nick-End Labeling (TUNEL) assay has been designed to detect apop-
totic cells that undergo extensive DNA degradation during the late stages 
of apoptosis  [70]. As a result of the TUNEL analysis of cells, the number of 
TUNEL-positive cells was significantly reduced. In many publications based 
on preclinical studies, GLP-1 mimetics influence the acute inflammatory re-
sponse secondary to ischemia by reducing the release of proinflammatory 
cytokines and biomarkers of oxidative stress [71] Jin et al. [72] introduced 
that exenatide significantly reduced the expression of hypoxia-inducible fac-
tor-1α (HIF-1α), which stimulates the expression of inflammatory cytokines, 
influencing cell apoptosis after ischemic stroke [74]. High doses of exenatide 
(50 µg/kg) delivered 1.5 and 3 hours after the ischemic episode has shown 
neuroprotective effects, but the effect disappeared when the drug was ad-
ministered later [75]. Experimental studies by Basalay et al. [76] compared 
the effects of two GLP-1 analogues, liraglutide and semaglutide. The func-
tional neuroprotective effects of liraglutide in a rat model of acute ischemic 
stroke have been shown to be dose-dependent, and both drugs reduce in-
farct size. It should be noted that this effect was observed when liraglutide 
was administered 90 minutes of middle cerebral artery occlusion (MCAO), 
but not in the 120 and 180 minutes ischaemia. It is related to the difference 
in infarct progression in the brain of rats vs. humans [77, 78]. Therefore, more 
research is needed in order to draw conclusions about the effectiveness of 
liraglutide in acute cerebral ischemia of humans.

Conclusion

Cognitive functions deteriorate among older people [2]. Some factors of 
these processes are unknown [3], others relate to DM [12]. As DM is con-
nected with higher risk of Alzheimer’s disease [28] and Parkinson’s disease 
[44], the more important is appropriate treatment. This article shows the 
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results of the research, which suggest positive role of anti-diabetic drugs in 
the therapy of neurological diseases [26, 47, 60], not only DM. Some results 
also indicate the influence of GLP-1 on neurogenesis [34], what can mean 
that these medicines have improving effect on the cognitive function also 
among patients without DM but suffering from dementia. The use of anti-di-
abetic drugs can be a base for the new way of dementia treatment, but fur-
ther research is needed.
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