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ABSTRACT: Type 2 diabetes mellitus is associated with cognitive 

impairment. The antidiabetic treatment found to delays the impairment. 

However, the benefit is due to antidiabetic drugs, or control of blood sugar is 

debatable. Most of the drug-based studies used monotherapy, which 

contradicts the clinical practice. This study aims to assess cognitive function 

in type-2 diabetes mellitus patients on metformin and other oral 

hypoglycaemic agent combination treatment. The cross-sectional study 

included 325 type 2 diabetes patients based on inclusion and exclusion 

criteria. They were categorized based on a combination of oral antidiabetics. 

Socio-demographic and medication data were obtained using medical 

records and personal interviews. Mini-Mental State Examination Scale- 

Tamil version (MMSE) was applied to measure the cognitive functions. 

Aged patients showed a reduced MMSE score of 18.18 ± 1.34. Increased 

duration of diabetes, >15 years, had the least MMSE score of 21.36 ± 1.37. 

Metformin-DPP-IV inhibitors combination found to benefit the cognition 

MMSE score = 29.11 ± 0.19 (P<0.001), compared to alpha glucosidase-

metformin and thiazolidinedione- metformin combinations. A similar 

observation was found in individual domains of cognition as well. Education 

found to be protective of cognitive impairment. The stability in the blood 

glucose control and inherent mechanisms of sitagliptin might help in 

delaying cognitive impairment among type 2 diabetes. Sitagliptin- 

Metformin combination found to have better cognitive scores compared to 

other metformin-oral antidiabetic combinations. 

INTRODUCTION: Diabetes mellitus, an 

endocrine disease, if left untreated results in 

mortality. Diabetes mellitus affects approximately 

387 million people worldwide, and this number is 

expected to rise by 55% to about 592 million 

people by 2030 
1
.  
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Poor cognition, impaired brain structural integrity, 

and function have been associated with 

uncontrolled diabetes mellitus 
2
. Notably, type 2 

diabetes mellitus affects executive function, 

perceptual speed, complex motor functioning, 

semantic memory, and immediate recall 
3, 4

. Age of 

onset of diabetes mellitus as well as the duration of 

the disease affect the progression of cognitive 

decline but also confounded by other co-morbid 

vascular or non-vascular variables 
4
. Vascular 

diseases in midlife are associated with late-life 

cognitive impairment 
5
. It is speculated that the 

pharmacological management of diabetes decreases 

the rate of cognitive decline 
6
.  
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However, it remains uncertain whether the 

beneficial effects are due to glycaemic control or 

the neuroprotective effects of antidiabetic drugs 
7
. 

For instance, several studies failed to confirm a 

beneficial cognitive function with improved 

glycaemic control 
8, 9

. 

Some studies claim an association between 

metformin and impaired cognitive performance 
10, 

11
. Moreover, findings from a study that used 

rosiglitazone to control diabetes mellitus may offer 

a strategy for the prevention of cognitive decline 

associated with AD 
12

. Also, dipeptidyl-peptidase-4 

enzymes inhibitors when administered to insulin-

resistant rats, increase peripheral insulin sensitivity, 

and decrease brain dysfunction 
13

. However, 

Farlow failed to find any clinical significance in the 

use of antidiabetic drugs to delay the progression of 

MCI to AD 
14

. All these studies fail to come to a 

definite conclusion regarding the benefits of 

antidiabetic drugs in preventing cognitive decline.  

In a clinical setting, diabetes mellitus is treated 

with a combination of drugs. However, most of the 

studies mentioned above are based on single 

pharmaceutical therapeutic agents. Therefore, the 

present study aims are; to assess cognitive function 

in type-2 diabetes mellitus patients who were on 

treatment with combinations of metformin with 

different classes of oral hypoglycaemic agents and 

to analyze if antidiabetic drugs influence cognitive 

function. 

MATERIALS AND METHODS: 

Study Design: This study is a cross-sectional study 

to examine the association of different oral anti-

diabetic combination therapy on cognitive 

functions. The study was conducted in diabetes 

outpatient department in the Govt. Headquarters 

Hospital, Ooty, The Nilgiris for six months 

between 1
st 

October 2015 and 30
th 

March 2016. The 

protocol was approved by the JSS Ethics 
Committee, Ooty (JSSCP, OOTY/IEC/09/2015-16). 

TABLE 1: INCLUSION AND EXCLUSION CRITERIA OF THE PARTICIPANT 
Inclusion Criteria Exclusion Criteria 

Type II Diabetes mellitus patients with or without co-

morbidities 

Type I Diabetes patients, CNS Disorders, previous history of head 

injury 

On combination therapy of oral anti-diabetic agents for at least 

six months 

Patients with less than 6 months duration of disease, on Insulin therapy, 

Neurotic drugs, Psychiatric medicines 

Patients above 25 years of age and willing to participate Pregnant and lactating women 

Participants: A total of 400 adults with diabetes 

mellitus were screened based on prefixed inclusion 

and exclusion criteria (see Table 1). Participants 

were excluded, if they had type 1 diabetes mellitus 

(n = 3), Epilepsy (n = 5), Parkinson’s disease (n = 

2), history of Stroke (n = 8), history of head injury 

(n = 4), were on Psychiatric medication (n = 3), on 

Insulin therapy (n = 22), and on single oral 

antidiabetic medication (n = 21), newly diagnosed 

type 2 diabetes (n = 7) patients who are pregnant (n 

= 4) & lactating (n = 6) were also excluded.  

After exclusions, 325 types 2 diabetes mellitus 

patients, between the ages of 25–-5 years were 

included in the study. An informed consent form 

was obtained from each of the patients. 

Determination of Type 2 Diabetes Mellitus: 

Diabetes mellitus was determined by a self-report 

by the patient or by the use of antidiabetic 

medications. The duration of type 2 diabetes 

mellitus and type antidiabetic medication used were 

obtained from medical history and medical records.  

The duration of the disease was then categorized 

into; <5 years (n = 118), 5-10 years (n = 147), 11-

15 years (n = 46), >15 years (n = 14). Various oral 

antidiabetic combinations used was obtained by 

reviewing the medical history chart. The therapy 

was then classified into sulphonyl ureas + 

metformin (n = 112), dpp-4 inhibitors + metformin 

(n = 151), α-glucosidase inhibitor + metformin (n = 

48) and thiazolidinedione + metformin (n = 14). 

Measurement of Covariates: Risk factors, other 

than diabetes, were evaluated to find its individual 

influence on cognitive functions. Demographic data 

such as age, sex, educational status, and smoking 

status (current smoker, smoker but quit, both 

smoker and alcohol user) were collected using a 

self-reported questionnaire. Presence of 

hypertension was ascertained by self-report or by 

use of antihypertensive medication. 

Cognitive Function Assessment: A validated 

Tamil version of Folstein mini-mental state 

examination (MMSE) scale was used to assess the 
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cognitive function of the patients
 16

. MMSE is a 

neuro-psychometric test containing 11-questions 

that measure various domains of cognitive function 

such as orientation, registration, attention and 

calculation, memory and language and visuospatial 

skills and has a maximum score of 30 points. The 

questionnaire was administered after making sure 

the participant is comfortable. The scores were 

categorized into three groups; severely-moderately 

impaired (0-17, n =15), mildly impaired (18-23, n = 

63), and normal (24-30, n = 247).  

Statistical Analyses: Statistical analysis was 

performed using the Graph Pad Instat 3 to find the 

association between different risk factors and oral 

antidiabetic drug with cognitive function. The 

association of different combination of oral 

antidiabetic drugs with individual domains of 

cognitive functions was also performed. 

RESULTS: Baseline characteristics of the study 

participants are described in Table 2. A higher 

prevalence of type 2 diabetes mellitus was found in 

middle-aged patients.  

We found that 85%of the participants had no social 

habits (n=265) and 4.3% of the participants had 

more than 15 years of diabetes (n=14).  

TABLE 2: CHARACTERISTICS OF STUDY PARTICIPANTS AND ITS ASSOCIATED COGNITIVE FUNCTION 

(MEAN AND SD) 

 

Metformin was the most commonly prescribed 

drug, in combination with other oral antidiabetics. 

Dpp- IV+ metformin (n= 151) and sulphonylureas 

+ metformin (n= 112) were the most commonly 

prescribed oral antidiabetic combinations making 

up for more than 80% of the prescriptions. 

TABLE 3: DIFFERENT COMBINATIONS OF ANTIDIABETIC DRUGS AND THE MEAN MMSE SCORES (MEAN + SD) 

Drug Class F % Mini-mental state examination 

Mean ± SEM 

Group A: Metformin-sulphonylureas 112 34.46 24.64 ± 0.38
(*) 

Group B: Metformin-DPP-IV inhibitors 151 46.46 29.11 ± 0.19
(**) (***) 

Group C: Metformin-Alpha glucosidase Inhibitors 48 14.77 25.33 ± 0.73 

Group D: Metformin-thiazolidinediones 14 4.31 21.36 ± 1.77 

*p<0.001 for (Group A vs. Group B) **p˂0.01 for (Group B vs. Group C) ***p˂0.05 for (Group B vs. Group D) 

Notably, 76% of the type 2 diabetes mellitus 

patients had no cognitive impairment (n=247). 

There was a slight difference between the mean 

MMSE scores of male and female patients (26.01 ± 

0.40, 26.68 ± 0.24) respectively. A trend to 

decrease in MMSE scores with aging was found, 

Variables (N = 325) F % Average of MMSE scores 

 

 

 

Age 

25-35 12 3.69 29.67 

36-45 63 19.38 29.41 ± 0.18 

46-55 141 43.38 27.65 ±0.32 

56-65 60 18.46 24.95 ±0.52 

66-75 38 11.69 22.68 ±0.62 

>75 11 3.38 18.18 ±1.34 

Gender Female 137 42.15 26.01 ± 0.40 

Male 188 57.84 26.68 ± 0.24 

Education Up to 5 years 97 29.85 22.22 ± 0.52 

6 – 12 years 101 31.08 26.85 ± 0.37 

≥15 years 127 39.07 28.92± 0.16 

Social Habits Smokers 12 3.69 29.05 ± 0.42 

Smokers who quit 26 8 27.12 ± 0.69 

Alcohol users 16 4.92 25.75 ± 1.35 

Both smoking and alcohol user 6 1.85 28.83 ± 0.75 

None 265 81.54 26.51 ± 0.27 

Duration of 

disease 

6months - 5 years 118 36.08 27.72 ± 0.37 

5-10 years 147 45.23 26.56 ± 0.35 

11-15 years 46 14.15 25.98 ± 0.62 

>15 years 14 4.3 21.36 ± 1.37 

Co-morbid 

conditions 

Hypertension 75 23.08 24.27 ± 0.49 

None 250 76.92 27.4 ± 0.26 
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with a few participants of 25-35 years maximum 

score of 29.67. Patients whose age was above 75 

years, had a mean score of 18.18 ± 1.34. Those 

who had no specific social habits had a mean 

MMSE score of 26.51 ± 0.27.  

The significant difference of MMSE scores was 

among diabetes patients with hypertension (24.27 ± 

0.49) compared to diabetes only patients (27.4 ± 

0.26). An increase in the duration of diabetes shows 

a trend in the decrease in mean MMSE scores 

ranging from 27.72 ± 0.37 to 21.36 ± 1.37.  

Table 3 presents the comparisons of different 

combinations of oral antidiabetic drugs and their 

mean MMSE scores. We categorized the 

participants into four groups; Groups A (metformin 

- sulphonylureas), B (metformin-dpp-iv inhibitors), 

C (metformin-alpha glucosidase inhibitors), and D 

(metformin-thiazolidinediones) and assessed their 

mean MMSE scores. Group B had significantly 

higher MMSE scores compared to both group C 

and group D (P<0.001). We also found a significant 

reduction in mean MMSE scores for Group A 

compared to Group B (p˂0.01). 

TABLE 4: ASSOCIATION BETWEEN DIFFERENT TYPES OF ORAL ANTIDIABETIC DRUGS AND COGNITIVE 

FUNCTIONS OF INDIVIDUAL DOMAIN 

Drug class Orientation Registration Attention Memory Language & Visio- 

spatial skills 

Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean   ± SEM 

Group A: Sulphonylureas + 

Metformin 

9.03  

± 0.11
1(B)

 

2.68 

± 0.06
1(B)

 

3.35 

± 0.21
1(B)

 

2.37  

± 0.08
1(B)

 

7.21 

± 0.15
1(B) 

Group B: DPP-IV Inhibitors + 

Metformin 

9.93  

± 0.03
1(C)

 

2.97  

± 0.01
1(C)

 

4.48 

± 0.12
1(D),2(C)

 

2.99  

± 0.29
1(C, D) 

8.73 

± 0.06
1(C, D) 

Group C: Alpha glucosidase 

inhibitor + Metformin 

9.22  

± 0.18 

2.78  

± 0.08 

3.54 

± 0.31 

2.44  

± 0.14 

7.38 

± 0.23 

Group D: Thiazolidinedione’s 

+ Metformin 

9.14 

± 0.44 

2.5 

± 0.3 

1.79 

± 0.66 

1.7 

± 0.29 

6.2 

± 0.7 
1 = P<0.001 for (Study group) vs. (Group excluding study group) 2 = P<0.01 for (Study group) vs. (Group excluding study group) 

DISCUSSION: Glycaemic control has little 

influence in preventing T2DM from being the risk 

factor for dementia and is negatively correlated 

with glycosylated HB 
15, 16

. In this regard, we opted 

to use the duration of disease rather than blood 

glucose. A decrease in mean cognitive scores with 

an increase in duration of disease was observed in 

this study. For instance, in a study conducted by 

Hassing et al., a longer duration of disease was 

associated with vascular problems, the pathology 

for vascular dementia 
17, 18

. Hyperglycaemia has 

also been implicated in cases such as end-organ 

damage, hypoglycemia, brain insulin resistance, 

etc. 
19

 

In our study, smokers had higher cognitive 

functions, which are in contrast with previous 

studies. However, smoking has been associated 

with declines in verbal memory, visual search 

speeds, and information processing speed in 

patients with diabetes in other studies 
20, 21

. We also 

did not find a significant difference in cognitive 

function between male and female patients. In 

contrast, one study found that females had a greater 

cognitive decline compared to men 
21

. However, 

that might be only after the post-ovulation period, 

especially in the domain of attention, although, 

they had the upper hand in executive functions 

compared to male 
22

. 

Patients who had a greater number of years of 

education were found to have better cognitive 

functions compared to those who had lesser 

number of years of education. For instance, 

cognitive reserve and brain plasticity are believed 

to be potentiated with the education that delays the 

clinical expression of cognitive impairment 
23

. We 

found that patients who had 15 or a greater number 

of years of education had better MMSE score 

means than other groups. This could imply that 

education protects against cognitive impairment 

later in life.  

Various animal and cell line studies have explored 

neuroprotective and cognitive enhancing effects of 

metformin, mainly by reduction of oxidative stress 

and insulin resistance 
25-27, 11

. However, metformin 

might cause vitamin B12 deficiency, vital for 

cognition, and patients on metformin had poor 

cognitive performance compared to patients 

without metformin 
10

. However, in our study, 95% 

of our participants were having multivitamin 
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prescribed by a physician, which alleviates the 

harmful effect of metformin on cognition (Data not 

showed). 

Metformin is the first line drug in the treatment of 

diabetes and is common in all the groups selected 

for the study. Since it is the first line drug in the 

clinical setting, other antidiabetic medicines are 

usually taken in combination with metformin. In 

the previous study, patients on metformin had a 

better effect on cognitive functions 
25

. In this study, 

metformin-sulphonylurea combination therapy had 

better cognitive functions compared to metformin-

thiazolidinedione combination; however, the effect 

was lower than in metformin-alpha glucosidase 

inhibitors combination. The effect, however, lacks 

statistical significance may be due to a small 

sample size of this study. Also, metformin-DPP-IV 

inhibitors combination group had higher MMSE 

scores, irrespective of the cognitive domain, 

compared to metformin-sulphonylurea combination 

group. Sulphonylureas may induce hypoglycemia 

and fluctuations in blood glucose level compared to 

DPP-IV inhibitors. However, this study did not 

investigate the frequency of hypoglycaemic attacks 

during the duration of treatment. In contrast to our 

findings, Hsu et al., reports that metformin-

sulphonylurea combination reduces the risk of 

dementia by 35% on administration for more than 8 

years 
15

. 

A significant effect was observed to participants 

who used DPP iv inhibitors + metformin in 

cognitive functions compared to all other oral 

antidiabetic combination treatment groups. Dpp iv 

reported to reduce the brain oxidative stress, 

restores hippocampal mitochondrial function, and 

neurogenesis prevents learning and memory 

impairment 
13

. Sitagliptin improved memory by 

hippocampal neurogenesis 
26

. Sitagliptin was found 

to aggravate the tau phosphorylation in insulin-

resistant brains 
27

. In the transgenic mice model, 

early administration of sitagliptin delays the 

amyloid deposition and some forms of AD 

pathology 
28

. 

The present study has several limitations that we 

would like to acknowledge. For instance, because 

this is of its cross-sectional nature, the exposure-

effect relationship cannot be confirmed, although it 

might hint an association.  Furthermore, there are 

many factors which may confound the results 

including; age, blood sugar level, hypertension, 

other comorbid conditions, and use of non-

antidiabetic medications which we could not 

control in the analysis. Also, we did not measure 

patient compliance with the medications and diet 

control measurement. A lack of brain imaging 

made it impossible to rule out other neurological 

diseases. Hence, these results must be interpreted 

with caution. 

In conclusion, this study has strengths. First, the 

microanalysis of multiple cognitive domains 

(individual domain) was done and found a 

significant association with the type of oral 

diabetes medicines. Additionally, variables like 

age, duration of disease, education, etc., which 

have a direct influence on cognition were 

measured. Importantly, to the best of our 

knowledge, this is one of the primary studies which 

analyzed the effect of combination therapy on 

individual cognitive domains.  

CONCLUSION: A combination of metformin and 

DPP IV inhibitors showed better cognitive scores 

in five cognitive domains using MMSE as a 

cognitive assessment tool. The association between 

the combination of anti-diabetes medication and 

cognitive function warrants further longitudinal 

studies. 
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