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ARTICLE INFO ABSTRACT

Introduction: There is an unclear association between type 2 diabetes and mild cognitive impairment in the
elderly. Both diseases are more prevalent in the older adults compared to the younger counterpart. Some anti-
diabetic drugs seem to influence positively the evolution of mild cognitive impairment. This retrospective study
investigated the effect of vildagliptin, an inhibitor of the enzyme dipeptidyl peptidase-4 (DPP-4), on the cog-
nitive functioning of elderly diabetic patients with mild cognitive impairment (MCI) documented at mini mental
state examination (MMSE).

Methods: We included 60 diabetic elderly people which were divided in 2 groups: Group A, 30 patients with
HbA;c (glycated hemoglobin) =<7.5% and treated with metformin, and Group B, 30 patients with
HbA;c > 7.5%, and treated with metformin plus vildagliptin. We collected data on MMSE, fasting plasma
glucose (FPG) and HbA,c at baseline and after 180 + 10 days from the beginning of treatment.

Results: The two groups exhibited significantly different values in FPG (P < 0.05) and HbA;c (P < 0.01) at
baseline, and in MMSE score (P < 0.001) after treatment. The intragroup comparison showed a significant
(P < 0.05) reduction in MMSE score in group A, and in HbAlc (P = 0.01) in group B.

Conclusion: Vildagliptin in addition to metformin resulted in the maintenance of MMSE score, showing a pro-
tecting role on cognitive functioning compared to the metformin only group.
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1. Introduction dementia without changes in daily functioning. MCI patients have

memory deficit that can be isolated or associated to a slight decline of

Type 2 Diabetes mellitus (T2D) is an increasing global health pro-
blem (Tabish, 2007). T2D affects approximately 150 million people
worldwide, and its prevalence will double by the year 2025 (Wild,
Roglic, Green, Sicree, & King, 2004). T2D is characterized by the
combination of relative insulin deficiency and insulin resistance.
Symptoms of T2D may be absent or mild for several years (Ndisang,
Vannacci, & Rastogi, 2017; Papatheodorou, Papanas, Banach,
Papazoglou, & Edmonds, 2016). Mild Cognitive Impairment (MCI) in-
dicates a transition phase between normal cognitive aging and

other cognitive functions (language, visual-spatial abilities, executive
functions, reasoning abilities) (Petersen et al., 1999, 2001). There is
growing evidence that T2D could be associated to an increased rate of
MCI and progression to dementia (Li, Wang, & Xiao, 2016). In fact,
chronic hyperglycemia is able to induce high oxidative stress levels,
leading to an acceleration in the atherosclerotic process and micro- and
macro-angiopathic complications (Chisari et al., 2019; Fiorentino,
Prioletta, Zuo, & Folli, 2013). The mechanism underlying vascular de-
mentia is the chronic atheromatous process leading to the luminal

Abbreviations: AD, Alzheimer’s disease; AGEs, advanced glycation end products; AIFA, Agenzia Italiana del Farmaco; Af3, amyloid beta; BMI, body mass index; DPP-
4, dipeptidyl peptidase-4; DPP-4i, DPP-4 inhibitors; DSM, Diagnostic and Statistical Manual of Mental Disorders; GDS, geriatric depression scale; GLP-1, increases
glucagon-like peptide-1; HbAlc, glycated haemoglobin; HDL, high density lipoprotein cholesterol; IL, interleukin; KDOQI, kidney disease outcomes quality initiative;
LDL, low density lipoprotein cholesterol; MAGE, mean amplitude of glycemic excursions; MCI, mild cognitive impairment; MMSE, mini mental state examination;

T2D, type 2 diabetes mellitus TSH thyroid stimulating hormone

* Corresponding author at: Department of Clinical and Experimental Medicine, University of Catania, AOU Policlinico, Via S. Sofia 78, 95123, Catania, Italy.
E-mail addresses: antoniomaria.borzi@gmail.com (A.M. Borzi), giocondor81 @gmail.com (G. Condorelli), abiondi@unict.it (A. Biondi),
fbasile@unict.it (F. Basile), enzodante@email.it (E.S.D. Vicari), carola.buscemi@gmail.com (C. Buscemi), salvatoreluca@virgilio.it (S. Luca),

marcovacante@yahoo.it (M. Vacante).

https://doi.org/10.1016/j.archger.2019.06.001

Received 13 April 2019; Received in revised form 2 June 2019; Accepted 2 June 2019

Available online 03 June 2019
0167-4943/ © 2019 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/01674943
https://www.elsevier.com/locate/archger
https://doi.org/10.1016/j.archger.2019.06.001
https://doi.org/10.1016/j.archger.2019.06.001
mailto:antoniomaria.borzi@gmail.com
mailto:giocondor81@gmail.com
mailto:abiondi@unict.it
mailto:fbasile@unict.it
mailto:enzodante@email.it
mailto:carola.buscemi@gmail.com
mailto:salvatoreluca@virgilio.it
mailto:marcovacante@yahoo.it
https://doi.org/10.1016/j.archger.2019.06.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.archger.2019.06.001&domain=pdf

A.M. Borzi, et al.

stenosis of vessels (Hardigan, Ward, & Ergul, 2016; Malaguarnera,
Vacante, Frazzetto, & Motta, 2012).

Furthermore, recurrent hypoglycemic episodes could represent a
cause of cognitive impairment in the elderly; Whitmer et al., observed
that the attributable risk for dementia of 2.39% per year between
subjects with and without a history of hypoglycemia (Whitmer, Karter,
Yaffe, Quesenberry, & Selby, 2009). Elderly patients with diabetes who
experienced hypoglycemia showed a 2-fold increased risk of fall-related
events over a 1-year period (Kachroo et al., 2015). A number of studies
have demonstrated that some oral antidiabetic drugs (OADs) may im-
prove cognitive functioning in patients with MCI and AD
(Alagiakrishnan, Sankaralingam, Ghosh, Mereu, & Senior, 2013). Due
to the lack of effective therapies for MCI and AD, the use of OADs for
reducing or preventing cognitive decline is emerging as a promising
tool.

Vildagliptin, an antidiabetic drug that inhibits the dipeptidyl pep-
tidase-4 (DPP-4), increases glucagon-like peptide-1 (GLP-1) and reg-
ulates blood glucose levels, favouring weight loss and lowering cardi-
ovascular risk (Karagiannis, Bekiari, Boura, & Tsapas, 2016).

A retrospective longitudinal study by Rizzo et al. showed that DPP-4
inhibitors (DPP-4i) administration could have protective effects against
cognitive decline in diabetic elderly with MCI (Rizzo et al., 2014). Is has
been observed that GLP-1 affects brain metabolism, increases neuritic
growth, and protects neuronal cells from oxidative stress and death
(Biswas, Buteau, & Greene, 2008). It is noteworthy that GLP-1 may
cross the blood-brain barrier decreasing ABPP-AP burden in AD
(Holscher, 2010). The administration of DPP-4i, including vildagliptin,
shows some advantages compared to other OADs, in particular they can
be given in all stages of renal impairment and present a low risk of
hypoglycaemia. Furthermore, their side effect risks are not increased in
patients with cognitive impairment (Puttanna & Padinjakara, 2017).

The aim of our study was to evaluate the effect of vildagliptin on the
cognitive functioning of elderly diabetic patients with MCI.

2. Materials and methods
2.1. Patient data

We performed a retrospective medical record search of outpatients
at the Unit of Diabetology of the Cannizzaro Hospital (Catania, Italy)
between June 2016 and June 2017, and selected 146 elderly patients
with type 2 diabetes mellitus. The medical records were selected as
described in the flow-chart (Fig. 1).

Inclusion criteria were age > 65 years, MMSE score =18 and <23
(Monroe & Carter, 2012) and diagnosis of diabetes mellitus treated with
metformin only, at a dosage of 1 g twice a day. We considered patients
with complete data at a follow-up visit after 180 = 10 days.

Exclusion criteria were incomplete data, significant comorbidities,
including heart failure, coronary heart disease, stroke, chronic kidney
disease (G3 grade KDOQI) (National Kidney Foundation, 2012), liver
cirrhosis, history of pancreatic disease, chronic respiratory failure, de-
pression evaluated by Geriatric Depression Scale (GDS, GDS > 15),
diagnosis of dementia based on DSM 5 (Diagnostic and Statistical
Manual of Mental Disorders) criteria, anticholinesterase or memantine
therapy. Clinical (age, body mass index - BMI, duration of diabetes,
number of drugs) and laboratory parameters (hemoglobin, high density
lipoprotein - HDL, low density lipoprotein - LDL, triglycerides, folic
acid, vitamin B12, thyroid stimulating hormone - TSH) were collected
for all patients.

According to the AIFA (Agenzia Italiana del Farmaco, Italian Drug
Regulatory Body) patients with inadequately controlled diabetes, de-
fined as HbAlc =7.5%, could start dual combination of metformin and
DPP-4i. 60 patients showed mild-to-moderate cognitive impairment
documented at MMSE (score between 18 and 23). None of the patients
with cognitive decline was on anticholinesterase or memantine, or
started this therapy until the follow-up visit. 30 patients had HbAlc
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=7.5% and continued therapy with metformin 1 g twice a day, whereas
30 patients had HbAlc > 7.5% and added vildagliptin 50 mg twice a
day to metformin 1 g twice a day.

This study was designed and conducted in compliance with the
ethical principles of Good Clinical Practice Guidelines and the
Declaration of Helsinki (World Medical Association, 2013).

2.2. Anthropometric measurements

All measurements were performed after overnight fasting. Height
and body weight were measured in all patients in the morning with
light dress and without shoes (SECA 220). BMI was calculated as weight
in kilograms divided by the square of height in meters.

2.3. Laboratory tests

All subjects received morning blood testing within 2 h after admis-
sion. Cubital venipuncture was performed after night fasting. The blood
chemistry parameters evaluated at admission were: total cholesterol,
HDL, LDL, triglycerides, folate, vitamin B12 and TSH. All subjects un-
derwent blood testing of HbAlc and FPG at admission and after
180 + 10 days. All blood chemistry parameters were performed on the
same analytical platform and the quality evaluation was performed
through regular quality control procedures.

2.4. Mini mental state examination

The MMSE evaluates the cognitive status and documents the evo-
lution over time. MMSE is used as a screening test and in advanced
stages of disease. Its administration requires from 5 to 15min. The
MMSE is simple and brief and can be used even in the advanced stages
of dementia, unlike a battery of neuropsychological tests (such as the
MODA or the ADAS-Cog).

The score is given by the sum of the correct answers for each item:
from a minimum of 0 (maximum cognitive deficit) to a maximum of 30
(absence of cognitive deficit).

In the calculation of the MMSE score, adjustment coefficients are
applied by age, education and cultural level. Based on the MMSE score,
three cut-scores were identified: 1) 24-30 absence of cognitive im-
pairment; 2) 18-23 mild to moderate cognitive impairment; 3) 0-17
serious cognitive impairment. MMSE is useful for the assessment of
disease progression and treatment response (Folstein, Folstein, &
McHugh, 1975; Mitchell, 2009).

2.5. Geriatric depression scale

The GDS has been used broadly in the elderly. The GDS Long Form
is a 30-item questions structured to a yes/no format. From the Long
Form GDS were selected the 15 items which showed the highest cor-
relation with depressive symptoms and were used for the short version.
Corrections are applied to the test according to age, education, and
complaints. Scores of 0-4 indicate normal condition; 5-8 mild depres-
sion; 9-11 moderate depression and 12-15 severe depression. The Short
Form can be used by patients with mild to moderate dementia who
have brief duration of attention and/or feel easily fatigued. The test
needs about 5-7 min to be completed. The GDS test has been validated
in community, acute and long-term care settings (Fountoulakis et al.,
1999).

2.6. Statistical analysis

The variables are expressed as mean * standard deviation or as a
range. The comparison between the continuous variables represented
was performed with the independent samples Student t-test or Pearson’s
% test was used when appropriate. A P value < 0.05 was considered
statistical significant. Statistical analysis was performed using SPSS
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Elderly Diabetic Patients

146 pt
1 |
HbA1c <7.5% HbA1lc >7.5%
88 pt 58 pt
Excluded: Excluded:
-CVD 13 pt -CVD 8 pt
-CKD 9 pt -CKD 3 pt

- Liver cirrhosis 3 pt

- Pancreatis 2 pt =
-COPD 11 pt

- Depression 8 pt
- Dementia 7 pt

- Liver cirrhosis 1 pt
[ - Pancreatitis 1 pt
-COPD 7 pt
- Depression 3 pt
- Dementia 3 pt

Metformin treatment
35 pt

Metformin + vildagliptin treatment
32 pt

Drop-out:
- Dead 2 pt -
- Missing visit 3 pt

Drop-out:
j=- Dead 1 pt
- Missing visit 1 pt

Metformin treatment
follow-up
30 pt

Metformin + vildagliptin treatment
follow-up
30 pt

Fig. 1. Flow-chart of patients’ selection process.
Pt: patients; CVD: cardiovascular disease; CKD: chronic kidney disease; COPD:

15.0 for Windows (Chicago, IL).

3. Results

Demographic and clinical characteristics at baseline were homo-
geneous (Table 1). No statistically significant differences were observed
in laboratory parameters at baseline between the two groups (Table 1).

Most patients in both groups were females (M/F = 27/33) mean age
76.56 + 7.87 years, overweight (29.01 = 6.32kg/m?) and duration
of diabetes was 16.10 + 6.34 years. The intergroup comparison de-
monstrated statistically significant differences in FPG (p = 0.03) and
HbAlc (p < 0.01) at baseline, and in MMSE score (p < 0.001) after
180 + 10 days (Fig. 2).

The intragroup comparison showed a statistically significant

Table 1
Groups comparison of patients’ characteristics and laboratory parameters at
baseline.

Group A Group B P

metformin metformin + vildagliptin
Sex (M/F) 13/17 14/16 0.80
Age (years) 75.46 + 7.89 77.67 * 8.23 0.29
BMI (kg/mz) 28.48 + 6.69 29.55 * 5.92 0.51
Diabetes duration (years) 15.49 = 6.83 16.72 = 5.81 0.46
Drugs (n) 6.47 * 2.32 6.33 £ 2.62 0.83
HDL-cholesterol (mg/dl) 50.81 + 16.26 52.63 = 14.11 0.65
LDL-cholesterol (mg/dl) 118.33 * 47.16 125.14 * 41.95 0.56
Triglycerides (mg/dl) 137.16 * 69.03 150.86 * 73.96 0.46
Folate (ng/ml) 9.15 + 6.65 8.34 =+ 5.76 0.62
B12 Vitamin (pg/ml) 616.53 = 318.58 531.26 + 396.59 0.36
TSH (uIU/ml) 1.66 = 1.27 1.84 + 1.34 0.60

HDL: high density lipoprotein cholesterol, LDL: low density lipoprotein cho-
lesterol, TSH: thyroid-stimulating hormone, BMI: body mass index [(weight
(kg)/height? (m?)]. Data are expressed as Mean =+ standard deviation.

* Student’s unpaired t-test or %> when appropriate.

chronic obstructive pulmonary disease.

MMSE Score
23

22

21

20
+ Baseline

19

“ 6 months

18

17

16

Metformin

Metformin + vildagliptin

Fig. 2. MMSE score at baseline and at follow-up.
MMSE: Mini Mental State Examination.

reduction in MMSE (p < 0.01) score in group A, and a statistically
significant reduction in HbAlc (p = 0.01) in group B (Table 2).

4. Discussion

In our study, the patients treated with metformin plus vildagliptin
did not show a reduction in cognitive performances at the end of the
study period, contrarily to the patients treated with metformin only. At
the beginning of the study, plasmatic levels of FPG and HbAlc were
higher in vildagliptin plus metformin group; nevertheless, after
180 + 10 days, values of FPG and HbAlc in vildagliptin plus met-
formin group did not show significant differences compared to the
metformin only group. T2D is a risk factor for progression of MCI into
dementia (Li et al., 2016). DPP-4i reduce the central and peripheral
insulin resistance, and indirectly improve cognitive function through
the reduction of inflammation and oxidative stress (Tsai et al., 2015;
Zheng et al., 2016).

Dementia is an acquired disorder on an organic basis with a decay of
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Table 2
Intra- and inter-group comparison at baseline and at follow-up.
Group A P Group B P Inter-group comparison
metformin metformin + vildagliptin
basal Follow-up basal Follow-up basal Follow-up
FPG 136.45 *= 48.70 136.13 + 46.38 0.98 164.79 = 47.93 143.18 = 42.12 0.07 0.03 0.54
HbAlc 7.09 = 1.21 7.01 = 1.28 0.80 8.02 = 1.27 7.13 = 1.32 0.01 < 0.01 0.72
MMSE 20.77 = 1.22 19.67 = 1.47 < 0.01 21.00 = 1.41 21.27 + 1.44 0.47 0.502 < 0.001

FPG: fasting plasma glucose, HbAlc: glycated hemoglobin, MMSE: mini mental state examination score.

intellectual functions. Diagnosis of dementia requires the detection of a
decay of the mnesic function associated with at least one other deficit
concerning cognitive functions and executive functions. These functions
include memory, language skills, visual perception, problem solving,
self-management, and the ability to focus and pay attention. Alterations
of intellectual functions must occur in the absence of alterations in the
state of consciousness and such alterations must compromise the pa-
tient's relationship life on a personal, occupational and social level
(Sachdev, Mohan, Taylor, & Jeste, 2015). MCI refers to an intermediate
stage from normal cognition to dementia, which may involve single or
multiple cognitive domains. Any form of MCI, both amnestic and non-
amnestic, could anticipate vascular dementia (Roberts & Knopman,
2013). Patients with T2D show higher incidence of MCI, compared to
those without diabetes. The mechanism underlying the link between
MCI and T2D remains unknown; there is evidence that glycemic al-
terations, advanced glycation end products (AGEs) and diabetic com-
plications could represent major risk factors (Yuan & Wang, 2017).

A recent systematic review highlighted that GLP-1 and DPP-4i
showed beneficial effects against neurotoxic substances, neurovascular
damage due to free radicals and AGEs in diabetes, and pathological
modifications in neurodegenerative and neurovascular disorders.
Potential neuroprotective mechanisms could involve the increase of
neurotrophic factors neuronal functioning, reduction of apoptosis and
pro-inflammatory factors (Erbil et al., 2019).

Both DPP-4i saxagliptin and vildagliptin have been tested in pre-
clinical studies of streptozotocin induced AD (Femminella et al., 2017).
Patients treated with saxagliptin and vildagliptin showed a reduction of
A deposition, tau phosphorylation, and markers of inflammation, and
an increase in hippocampal GLP-1 levels and memory functioning
(Kosaraju, Gali et al., 2013; Kosaraju, Murthy et al., 2013). Zhang et al.
studied the molecular effect of vildagliptin on cognitive impairment in
a streptozocin-induced T2D rat model. In their study vildagliptin was
found to decrease the apoptosis of hippocampal neurons and to reduce
the hyperexpression of caspase-3, Bcl-2 and Bcl-2 associated X protein
through the Akt/GSK3p signalling pathway (Zhang et al., 2018).

Poor glycemic control and mean amplitude of glycemic excursions
(MAGE) may worse cognitive performances through an augmentation
in oxidative stress, and the consequent production of neurotoxic sub-
stances, such as peroxynitrite and nitrotyrosine (Rizzo et al., 2010). A
study by Rizzo et al. assessed the effects of sitagliptin and vildagliptin,
which showed different efficacy on MAGE, on oxidative stress, and on
systemic inflammatory markers in patients with T2D. The Authors ob-
served a significant reduction in nitrotyrosine (P < 0.01), and in
proinflammatory cytokines involved in the atherosclerotic process such
as (P < 0.05), and IL-18 (P < 0.05), in patients treated with vilda-
gliptin compared to those receiving sitagliptin (Rizzo, Barbieri,
Marfella, & Paolisso, 2012). Furthermore, it has been observed that the
administration of DPP-4i may reduce daily glucose fluctuation and
symptomatic or asymptomatic hypoglycemic events (Dumbrill &
Moulton, 2018; Paolisso, Monami, Marfella, Rizzo, & Mannucci, 2012).
Thus, the action of DPP-4i on hypoglycaemia, could play a significative
protective role on cognitive function, as observed in our patients
treated with vildagliptin.

Our study has some limitations: first of all, it is a retrospective study

that includes a small number of cases, and besides the short duration of
follow-up. If pro-cognitive effects were confirmed in larger prospective
studies and in the long term, vildagliptin could open new horizons in
terms of secondary prevention of cognitive decline. Further studies are
needed to investigate the direct or indirect effects (through an increase
in GLP-1 levels) of vildagliptin on cognitive status of elderly with T2D.
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