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ABSTRACT

Introduction: Diabetes mellitus (DM) is a chronic disease that has high
morbidity and mortality related to cardiovascular complications and
microvascular disease, especially in the elderly. In addition, DM is known to
increase the risk of Alzheimer’s dementia by two to three times. Therefore it
is important to inhibit its development and progression during the
management of DM. However, there is a concern that metformin which is
widely used as the first line antidiabetic medication is associated with a
decrease in cognitive function. The aim of the present study is to investigate
the associations between metformin use and cognitive impairment in patients

with diabetes.

Methods: As an observational study, over 5457 patients registered with the
Department of Mental Health of Boramae Medical center (BMC) and the
Dementia Project from 2011 could be evaluated. We reviewed the medical
records of patients and compared baseline characteristics according to DM
and non-DM, and divided the DM groups into metformin user and nonuser
groups then compared their cognitive function using mainly the Mini-Mental
state Examination-KC (MMSE-KC), the Korean version of the Consortium to
Establish a Registry for Alzheimer’s Diseases Assessment (CERAD-K),
activities of daily living (ADL) skills and Short form of the Geriatric
Depression Scale (SGDS). Subjects performed the tests at baseline and at one-

or two- year follow-up periods.



Results: Among the 2208 individuals who participated in this study, 608 had
diabetes mellitus, and 34.7% (n=211) of the DM group used metformin at
baseline. The mean age of metformin users was 73.8 years, and 38% were
male. Patients with metformin were younger (73.8£7.5 vs. 75.5+£7.9 years, p-
value 0.01), had higher HbA1c levels, lower HDL — C levels, lower LDL - C
levels, and lower AST levels, all showing statistical significance. There were
no significant differences in cognitive dysfunction as assessed by MMSE-KC,
CERAD, and ADL between metformin users and nonusers after adjusting for
age, sex, education-year, HbA1c levels, and LDL levels. In an analysis of each
component on the CERAD test, the working memory test revealed that
metformin users required significantly more time to perform a certain task
compared to nonusers. There was no significant association between

metformin use and the progression of cognitive impairment.

Conclusions: Taken together, in this study, metformin treatment was not
significantly associated with a higher risk of cognitive impairment in older
adults with diabetes, after adjusting for age, gender, education duration, other
variables and glycemic and metabolic controls. A well controlled study on a
larger-scale is necessary in order to explain the effects and determine the

association between metformin use and cognitive dysfunction more clearly.

Keywords: Diabetes, Metformin, Cognitive impairment, Alzheimer’s

disease, MMSE, CERAD

Student number: 2013-21723
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INTRODUCTION

Diabetes as a risk factor for cognitive dysfunction

The prevalence of type 2 diabetes mellitus (T2DM) has been rising in
many counties in the world [1]. Many studies have established the T2DM is a
risk factor for cognitive dysfunction and dementia in elderly. Rotterdam study
with 6,370 participants reported T2DM increased all dementia (RR; 1.9, 95%
Confidence interval (Cl) 1.3-2.8) and Alzheimer’s disease (AD) (RR; 1.9, CI
1.2-3.1) [2]. In a population-based study conducted in Honolulu, Hawaii, with
2,574 Japanese-American males (diabetes: 900), T2DM was shown to
increase the occurrence of all forms of dementia (RR: 1.5, 95% CI: 1.01-2.2),
AD (RR: 1.8, 95% CI: 1.1-2.9), including vascular dementia (VD) (RR: 2.3,
95% CI: 1.1-5.0) [3]. In a study which systematically reviewed and
summarized prospective observational studies, people with diabetes had a
greater rate  of decline in cognitive function and a greater risk

of cognitive decline compared to people without diabetes [4].

Possible mechanisms about T2DM related cognitive dysfunction

The precise mechanisms underlying T2DM-related cognitive dysfunction
or the development of dementia remain to be elucidated. However many
hypothetical mechanisms have been proposed. Causative roles for
hyperglycemia, hypoglycemia, vascular disease, inflammation, insulin
resistance and amyloid deposition have been proposed with regard to

cognitive dysfunction [5, 6]. Basic and animal experiments have indicated
1



that a hyperglycemic environment induces the proliferation of adult neural
progenitors, but is damaging to their survival. The impaired neurogenesis
found in T2DM subjects may underlie associated cognitive impairment and

brain atrophy [7 , 8]. Diabetes is also associated with changes in both the

blood-brain barrier (BBB) and transport functions of the cerebral micro
vessels [9]. Dysfunction in the BBB may be associated with cognitive
impairment and the incidence of dementia. Hyperglycemia, a major
pathological characteristic of diabetes exerts a negative influence on cognition
and causes structural changes in the hippocampus [10]. High glucose levels
may have toxic effects on neurons in the brain through osmotic insults and
oxidative stress [6]. Recurrent hypoglycemic attacks are one of the causes of
cognitive impairment in the elderly. One longitudinal cohort study
demonstrated that the attributable risk of dementia when compared to
individuals with and without a history of hypoglycemia was 2.39% per year
[11]. This may contribute to the decline of cognitive dysfunction. Patients
with diabetes have a 2- to 6-fold increased risk in thrombotic stroke [12], and
vascular disease has long been hypothesized to cause abnormalities in
cognition in such patients. Also, the dysfunction of cerebral autoregulation
with increasing age along with structural and functional alterations in cerebral
blood vessels due to diabetes mellitus impairs the functioning of
neurovascular units. These changes may induce functional deficits in neurons
and increase neuronal degeneration and the susceptibility to hypoxia and
ischemia, thus exasperating cognitive dysfunction [13]. Inflammation plays a
role in the pathogenesis of insulin resistance (IR) and T2DM [14]. It has also
2
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been suggested that inflammation is associated with the pathogenesis of AD
[15]. Chronic low-grade inflammation may be a contributor to the disease
process of AD. Proinflammatory cytokines such as tumor necrosis factor
alpha (TNF-a) are known to be involved in the pathogenesis of both T2DM
and AD [16]. As listed above, various characteristics of T2DM may be
associated with cognitive dysfunction through the acceleration of AD

pathology, ischemia or other mechanisms not yet found.

Importance of appropriate glucose control to prevent of decline of cognitive
dysfunction; the impact of metformin

Appropriate glucose control and a decline in insulin resistance may
improve cognition in older individuals with DM [17, 18, 19]. As a result, the
role of anti-diabetic treatments to reduce or prevent cognitive decline is
important. Metformin (MTF) is used as a first-line treatment for T2DM and
reduces hyperglycemia and hyperinsulinemia by decreasing insulin resistance.
It works by increasing glucose uptake in the muscle while reducing liver
gluconeogenesis, as mediated by AMP-kinase [20]. However, metformin can
lead to vitamin B, deficiency because metformin inhibits the uptake of
vitamin By, from the distal ileum through competition with the receptors that
absorb vitamin By,. The rate of vitamin B,, deficiency among patients who are
taking metformin can be as high as 30% [21]. Vitamin By, is an essential
vitamin for brain function; deficiency in this vitamin can lead to cognitive

impairment in the elderly.



Controversies about the effects of metformin on the cognitive function;
clinical study

Recently, an Australian clinical study which included AD and cognitively
intact patients, with 126 participants with diabetes in all, reported that reduced
cognitive performance was associated with metformin use after adjusting for
age, sex, level of education, a history of hypertension, and serum vitamin B,
[22]. Also a case control study from the United Kingdom, found that long-
term users of metformin were at greater risk of developing AD [23]. On the
other hand, a population-based longitudinal study conducted in Singapore on
aging in with diabetes reported that the long term use of metformin was
significantly associated with the lowest risk of cognitive impairrment [24].
Another Taiwanese study of subjects aged 50 years or older found that the use
of metformin significantly decreased the risk of dementia, after adjusting for
cerebrovascular disease compared to those who took no medication (HR 0.76,

95% C10.58-0.98) [25].

Controversial results about the effects of metformin on the cognitive
function; experimental data

Several animal studies and clinical researches suggest possible negative
effects of metformin on cognitive dysfunction. Kacee et al. reported that the
activation of AMPK pathways, a common target of metformin, results in
gender-divergent cognitive effects in a murine model of the disease, which
show that the activation of AMPK increased memory dysfunction in males but

was protective in females [26]. In recent in vitro study, metformin was found
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to increase the biogenesis of AP protein [27], which is evidence that
metformin may promote the development of AD. Another animal study also
suggested that metformin may attenuate tau phosphorylation and contribute to
the progression of AD [28].

On the other hand, an experimental study with endothelial cells (ECs)
suggested that metformin can exert a direct vascular anti-inflammatory effect
by inhibiting NF-«xB [29] by blocking the PI3-kinase/Akt pathway. Anti-
inflammatory mechanisms of metformin can explain in part the apparent
clinical reduction of macrovascular complications such as cardiovascular
events after taking metformin. This may also be related a lower risk of
cognitive impairment.

Oxidative damage plays an important role in the pathogenesis of diabetic
neuropathy and neurodegenerative diseases. EI-Mir et al. found a direct
neuroprotective effect of metformin, using an etoposide-induced cell death
model. They found that metformin also improved oxygen-glucose
deprivation-induced neuronal injury [30] and proposed that metformin,
beyond its antihyperglycemic role, can also function as a new therapeutic tool
for diabetes-associated neurodegenerative disorders.

In other in vitro studies, metformin modified important steps in the
biogenesis of neuritic plague and neurofibrillary tangles or improved impaired
neuronal insulin signaling [31], raising speculations about the potential to
reduce the risk of developing AD. However, all of these observations
involved the cortical neurons of mice, and the results may not be applicable to

humans.



AIM OF STUDY

As metformin is the most widely used medication even in elderly diabetic
patients, it is very important whether it would be harmful in cognitive
function. The aim of the present study was to investigate the effect of

metformin on cognitive impairment in patients with diabetes.



METHODS

Study design and Study population

We conducted a retrospective cohort study using longitudinal follow-up
data from a database of dementia managed by Dongjak-gu and Boramae
Medical Center (BMC).

The study subjects were identified from a database managed by the BMC-
Dongjak-gu dementia center. They were among those, who took at least one
MMSE-KC (Mini-mental state examination-KC) test during the baseline year
(1 January, 2011 to 30 January, 2014). At baseline, more than 5,000
participant cases were identified. Among them, we excluded individuals who
did not appear at the mental health department or at other department of BMC
regularly. Therefore we could not obtain additional medical information.
Finally, a total of 2208 subjects (mean age 77.1+6.7 years, male to female
ratio = 780:1428) were enrolled. 718 subjects took one-year follow-up
cognitive impairment test, including the MMSE-KC, and 317 participants
were invited to return for a two-year-follow-up test for the purpose of
evaluating their cognitive function. Among them 254 persons undertook both
one and two-year-follow-up tests. In DM the group, all of them took the
MMSE at baseline, 174 subjects took one-year follow-up MMSE and other
cognitive tests, 75 took two-year follow-up test and only 59 subjects took
cognitive function tests every year. (Figure 1)

Subjects were evaluated and categorized into diabetes and non-diabetes

groups according to the following conditions 1) HbA1¢>6.5% at baseline or 2)



fasting plasma glucose>126mg/dL or 3) subjects with history of a prescription
diabetes medication (oral anti-diabetics; metformin, sulfonylurea, a-
glucosidase inhibitor, thiazolidinediones, dipeptidyl peptidase-4 inhibitors, or
insulin). Finally, 608 subjects were classified as having diabetes mellitus.

This study was approved by the Institutional Review Board of Boramae

Medical Center.

Dementia Database of Dongjak-gu (n=2208)

DM (n=608, 27.5%) NonDM (n=1600, 72.5%)

Metformin user (n=261) Metformin nonuser (n=347)

Figure 1. Subjects recruitment, inclusion and classification

Measurements of biochemical parameters

Fasting plasma glucose and HbAlc were measured to evaluate the status of
diabetes at baseline and upon one- year and two-year follow-up periods. Other
risk factors that may be confounders with regard to the relationship between
metformin use and cognitive impairment were identified. Vitamin B, levels,
folate levels, and TSH levels were measured. Additional lipid profiles (total
cholesterol, low-density lipoprotein-cholesterol (LDL-C) levels, high-density

lipoprotein cholesterol (HDL-C) levels, triglyceride (TG) levels), and C -
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reactive protein (CRP), insulin, serum creatinine, AST levels, and ALT levels,

were all measured at baseline and during each follow-up.

Metformin use
During the baseline assessments, anti-diabetic medications taken in the past
year were ascertained from self-reports and medical records reviews. All drug

information, including the drug name, and duration of use, was recorded.

Evaluation of cognitive function

For evaluation of cognitive impairment Mini-Mental State Examination —
KC (MMSE-KC), Korean version of the Consortium to Establish a Registry
for Alzheimer's Disease Assessment Packet (CERAD-K), the Korean version
of Barthel Activities of Daily living (ADL) index, Lawton ADL index, short
form of geriatric depression scale (SGDS) were administered at baseline year,
one-year and two-year follow up.

The Mini-Mental state Examination-KC (MMSE-KC), which has been
validated for use in elderly Korean populations, was administered to measure
the level of global cognitive function. It scores from 0 to 30 where higher
scores indicate better cognition and scores of <25 cognitive impairment. It can
be administered in 5 to 10 minutes. The Korean version of MMSE is
composed of orientation (10 points), short-term memory registration and
recall (6 points), attention (5 points), naming (2 points), following verbal

commands (4 points), judgment (2 points), and copying a double pentagon (1



point) [supplements 1]. The MMSE-KC is assessed every year

To diagnose MCI, dementia, and other psychiatric disorders, the Korean
version of the Consortium to Establish a Registry for Alzheimer’s Disease
Assessment Packet (CERAD-K) is used by neuropsychiatrists. It contains the
following elements: verbal fluency, the Boston naming test, word list memory
(registration), visuo-constructional praxis, word list recall, word list
recognition, recall of constructional praxis and trail making test A & B
(working memory).

In addition, to evaluate skills related to activities of daily living (ADL), the
Korean version of Barthel ALD index, which mainly measures physical ADL
skills, and the Korean version of the Lawton ALD index for instrumental ADL
were also administrated.[supplements 2]. Mood was assessed using the Short

form of the Geriatric Depression Scale (SGDS).

Statistical analysis

Student’s t tests and Mann-Whitney U-tests were used for continuous
variables for comparison of characteristics between groups. Also y* tests were
used for a comparison of demographic and metabolic parameters between the
baseline DM and non-DM groups and between metformin users and nonusers
at baseline and follow-up.

An analysis of covariance (ANCOVA) was used to evaluate cognitive
impairment as assessed by the MMSE-KC after adjustment for age, sex and
level of education. A repeated measures ANOVA was used to analyze a trend

of cognitive impairment as assessed by MMSE and each component of

10 :
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CERAD battery during follow-up periods. Multivariate logistic regression
tests were conducted to evaluate the odds ratio of metformin use to
progression of cognitive impairment.

All statistical analyses were performed with SPSS software (version 18.0;

SPSS, Chicago, IL). Data with a p value <0.05 were considered significant.

11



RESULTS

Baseline characteristics of study population by DM

Among the 2208 individuals, 608 (27.5% of the total) were in the DM
group and 1600 were in the non-DM group. A comparison of baseline
characteristics according to DM and non-DM group status is shown in the
Tablel. There were no significant differences in the mean age (74.9 year + 7.8
vs. 74.6 years = 9.0), male percentage (35% vs. 34.3%), education-years
(7.15%5.2 vs. 6.70+5.3) between subjects in DM and non-DM groups. The
mean MMSE scores between the two groups were compatible (17.02+7.22 in
DM group vs. 17.52+7.36 in non DM group). Subjects in the DM group had
higher scores on the Lawton IADL1 and IADL2 assessments, with statistical
significance (IADL1; 8.9+5.4 vs. 8.1+5.7, p=0.005, IADL2; 12.7+8.7 vs.
11.6+£9.0, p=0.021). SGDS, which reflects depression, was significantly
higher in patients in the DM group (p=0.006). Vitamin B12 levels, glucose
levels, HbAlc levels, serum creatinine levels and the prevalence of
albuminuria were much higher in the DM group than in the non-DM group,
with all results statistically significant. Total cholesterol levels, HDL-C levels
and LDL-C levels were significantly lower in patients with DM. The
prevalence rate of hypertension, and stroke were higher in the DM group than
in the non-DM group. More statins were taken by subjects in the DM group

compared to those in the non-DM group (43.9% vs. 16.3%, p<0.001).
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Table 1. Baseline characteristics of study participants by DM

DM nonDM P-value
(n=608) (n=1600)

Age (year) 74.9+7.8 74.6£9.0 0.339
Sex (% of male) 38.0 34.3 0.111
HTN Hx (%) 37.7 23.9 <0.001
Stroke Hx (%) 4.8 2.7 0.022
Statin (%0) 43.9 16.3 <0.001
Education (year) 7.15%5.2 6.70%5.3 0.069
Glucose (mg/dL) 143.6£63.2 106.0+£23.8 <0.001
HbAlc (%) 7.3x1.7 5.7+0.5 <0.001
Insulin (ulU/mL) 10.5+11.4 12.0+£22.0 0.571
Total cholesterol (mg/dL) 163.3x41.7 182.4+38.4 <0.001
HDL-C (mg/dL) 46.0£13.8 50.8+14.0 <0.001
LDL-C (mg/dL) 97.0+33.3 114.6+31.4 <0.001
Triglyceride (mg/dL) 127.9+67.8 115.8+57.2 0.001
AST (1U/L) 26.5+20.4 28.4+34.3 0.242
ALT (1U/L) 20.9+20.5 19.6+21.3 0.249
serum Creatinine (mg/dL) 1.12+0.95 0.89+0.50 <0.001
Vitamin Byy(ng/mL) 907.0+976.4 796.3+817.2 0.045
Folate (ng/mL) 9.0+11.4 8.1+17.6 0.386
TSH (ulU/mL) 2.39+2.6 2.51+4.7 0.628
Free T4 (ng/dL) 1.24+0.22 1.22+0.25 0.263
Albuminuria (%) 12.2 2.6 0.003
MMSE 17.0£7.2 17.5+7.4 0.150
CERAD 38.2+20.2 38.7+22.0 0.648
Barthel_ADL 13.8+7.6 13.8+8.1 0.989
Lawton_IADL1 8.9+5.4 8.1£5.7 0.005
Lawton_IADL2 12.7+£8.7 11.6£9.0 0.021
SGDS 7.1+4.1 6.6+4.1 0.006

MMSE;mini mental status examination, CERAD;the Consortium to Establish a
Reqgistry for Alzheimer’s Diseases Assessment Packet, ADL,; activities of daily living,
IADL,; instrumental activities of daily living, HDL ;high density lipoprotein, LDL; low
density lipoprotein, SGDS; Short form of Geriatric Depression Scale, HTN;

hypertension
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Comparison of medical histories and biochemical parameters between
metformin users and nonusers

Metformin users accounted for 34.7% (n=211) of the DM group at baseline.
The mean age of metformin users was 73.8 years, and 38.4% were male.
Patients treated with metformin were younger (73.8 years £ 7.5 vs. 75.5 years
+ 7.9, p=0.01) than patients who did not take metformin. Metformin users had
significantly higher HbAlc levels. Vitamin B, levels and folate levels were
not different (Vitamin B,,; 841.3+602.7 vs. 935.0+1097.0 and folate; 7.98+5.4
vs. 9.41+13.1) between the MTF user group and the MTF nonuser group
(Table 2). Metformin users had lower HDL-C, LDL-C levels and AST levels
compared to those who did not use metformin. Metformin users took more
statins than MTF nonusers (70.6% vs. 29.7, p<0.001). Among metformin
nonusers, only 28.2% received medication for DM, whereas almost all MTF
users (97.2%) took other types of medications for DM (such as sulfonylurea,

dipeptidyl peptidase 4 inhibitors, and thiazolidinedione).
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Table 2. Baseline characteristics of study participants by Metformin use

MTF nonMTF

(n=211) (n=397) P-value
Age (year) 73.8£7.5 75.5£7.9 0.010
Sex(% of male) 38.4 37.8 0.930
Education (year) 7.5£5.2 7.0£5.2 0.253
Glucose (mg/dL) 150.0+68.3 140.0+60.0 0.095
HbA1c (%) 7.6+1.8 7.1+1.6 <0.001
Total cholesterol
(mg/dL) 158.1+41.2 166.4+41.8 0.209
HDL-C (mg/dL) 44.6+12.9 46.6+14.2 <0.001
LDL-C (mg/dL) 88.4+31.5 100.5+33.5 0.003
Triglyceride (mg/dL) 132.2+67.0 125.4+68.3 0.305
AST(IU/L) 24.1+12.3 28.0+23.9 0.013
ALT(IU/L) 19.3+10.2 21.8+20.7 0.098
Creatinine (mg/dL) 1.01+0.5 1.18+1.13 0.015
VitBy, (ng/mL) 841.3+602.7 935.0+1097.0 0.561
Folate (ng/mL) 7.9815.4 9.41+13.1 0.909
TSH (ulU/L) 2.22+2.11 2.48+2.86 0.359
Free T4 (ng/dL) 1.26x0.24 1.22+0.22 0.154
Albuminuria (%) 12 6.8 0.175
HTN Hx (%) 26.5 43.6 <0.001
Stroke Hx (%) 3.3 5.5 0.317
SU (%) 55.9 15.60 <0.001
TZD (%) 4.3 1.3 0.024
DPP4i (%) 28.0 4.3 <0.001
Statin (%) 70.6 29.7 <0.001

Statistical significance test for TG, VitB12, and folate were done by Mann-Whitney
U-test, SU; sulfonylurea, TZD;thiazolidinedione, DPPA4i;dipeptidyl peptidase 4
inhibitor, Statin; HMG-CoA reductase inhibitor

15



Cognitive impairment according to metformin use at baseline

The MMSE score of diabetic patients was 17.07+7.22. There were 25
(11.85%) and 60 (15.11%) individuals in the MTF user group and in the
nonuser group, respectively, whose MMSE-K scores were under 1SD.

There were no significant differences in MMSE-K (17.28+7.30 vs.
16.88+7.18, p=0.521), CERAD (39.56+18.28 vs. 37.44+21.20, p=0.232), and
ADL scores (13.89+7.37 vs. 13.74+7.79, p=0.603) between MTF users and
nonusers (Table 3). After adjusting for age, sex, and education-years, there
was no significant differences in MMSE scores, CERAD and ADL (Table 3,
P,

Age, HbAlc and LDL-C levels were different significantly between MTF
users and nonusers; thus, we adjusted for HbAlc and LDL-C levels. After
adjusting for HbAlc level, cognitive function as assessed by MMSE, CERAD

was not significantly different between MTF users and nonusers (Table 3, PT).

16



Table 3. Comparison of cognitive function between metformin user and nonuser

group at baseline.

MTF n nonMTF n P pP* Pt
MMSE-KC 17284730 211 16.88:7.18 397 0521 0678 0.827
CERAD 30.56+18.28 100 37.44+21.20 326 0232 0129 0.092
Barthel ADL

13.89+7.37 207 13.74+7.79 391 0.603 0.071 0.372

Lawton IADLL  gge,511 207 897:¢558 391 0.781 0162 0.851

Lawton IADL2 15614840 207 12738894 391 0973 0525 0.647

SGDS 7144393 207 7.13+417 391 0792 0514 0.865

P for unadjusted value. P* for age, sex and education year-adjusted results. P' for age,
sex, education year and HbAlc-adjusted MMSE, CERAD, ADL, IADL.
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Cognitive dysfunction assessment over the follow-up period

We processed the follow-up MMSE data through last observation carried
forward (LOFC) imputation. Repeated measured ANOVA analysis used to
analyze the trend of MMSE change. The decline of MMSE score during
follow-up period both in MTF users and in nonusers was statistically
significant (p<0.001). However, there was no difference in the slope of
MMSE value change between MTF users and nonusers (Baseline; 17.28+7.30
vs.16.88+7.18, one-year follow-up; 16.99+7.37 vs. 16.82+7.07, two-year

follow-up; 16.73+7.43 vs. 16.59+7.17) (Figure 2) .

@ MTF_user
&% MTF_nonuser

17.41

17.2

17.0

MMSE score, point

16.8+

o P N

v Y Y

Figure 2. MMSE-K scores changes between metformin users and nonusers
during follow-up periods.

The decline of MMSE score during follow-up period in each group was statistically
significant (p<0.001). However, there was no difference in the slope of MMSE value

change between MTF users and nonusers.

18



Because there was a significant difference in the total scores of CERAD
battery after an adjustment for age between MTF users and nonusers at

baseline (38.32+1.41 vs. 38.21+1.07, p=0.037) (Table 4), we analyzed

changes of CERAD battery between MTF users and nonusers during the
follow-up periods after adjusting for age by repeated measured ANOVA with
processed follow-up data through LOFC imputation. In our study, the decline
of CERAD score during follow-up periods in each group was statistically
significant (p=0.024). However, there was no difference in the decreasing
trend of CERAD battery value change between MTF users and nonusers
(Baseline; 39.56 +18.28 vs. 37.44 £ 21.20, one-year follow-up; 38.94 £18.75
vs. 36.74+21.81, two-year follow-up; 38.40+19.09 vs. 36.02+22.13)
(Figure 3).

CERAD battery is consisted of four parts, such as assessment of language,
memory, attention, and working memory, we analyzed each component of
CERAD battery according to MTF use during the follow-up periods after
adjusting for age and adjusting for age, sex and education years (Table 4).
There were significant differences in Boston naming (7.39 = 0.29 vs. 7.24 +
0.22, p=0.027 after adjusting for age, p=0.014 after adjusting for age, sex,
education-years), word registration (9.57 + 0.40 vs. 9.57 + 0.30, p=0.030 after
adjusting for age), praxis (7.38 £ 0.25 vs. 7.00 + 0.19, p=0.034, 0.009 after
adjusting for age, sex, education-years) and trail making test B (working
memory) (291.50 seconds + 9.82 vs. 268.43 seconds * 7.45, p=0.005) at

baseline. We found statistically significant decline in verbal fluency score
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(p=0.002), Boston naming score (p<0.001), word registration score (p=0.014),
and praxis score (p=0.009) during follow-up periods in each group. However,
there were no differences in the slope of each component between MTF users
and nonusers, respectively. Train making test B revealed that MTF users
required significantly more time than MTF nonusers did to perform task

during follow-up periods (p=0.037) (Figure 4).
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Table 4. Assessment of each component of CERAD battery over follow up period

E3

Baseline MTF nonMTF P P
(n=183) (n=316)

CEARD 38.32+1.41 38.21+1.07 0.037  0.129
Verbal fluency 7.67 +0.36 7.66 = 0.27 0.174  0.140
Boston naming 7.39+0.29 7.24+0.22 0.027 0.014
Word registration 9.57+£0.40 9.57+£0.30 0.030 0.105
Word recall 1.86+0.19 2.14+0.14 0.402  0.239
Word recognition 4.86 £0.25 470 0.19 0.141 0.221
Constructive praxis 7.38£0.25 7.00£0.19 0.034  0.009
Recall of praxis 1.86+0.19 2.14+0.14 0.408  0.810
Trail making A (sec) 168.87 + 9.64 158.06 + 7.32 0.459  0.835

Trail making B (sec) 291.50 + 9.82 268.43 £ 7.45 0.005 0.008

1-year-follw-up MTF nonMTF P P
(n=72) (n=100)

CEARD 34.38 £ 1.95 36.04 + 1.65 0.610 0.264
Verbal fluency 6.21 + 0.53 7.72+0.45 0.724  0.737
Boston naming 6.86 + 0.43 6.96 + 0.36 0.960 0.805
Word registration 8.90 + 0.57 9.26 + 0.48 0.566  0.614
Word recall 1.12+0.20 1.19+0.17 0.046  0.030
Word recognition 3.86 £ 0.38 419+ 0.32 0.039  0.035
Constructive praxis 7.43 £ 0.37 6.72+0.31 0.730  0.843
Recall of praxis 1.27+0.25 155+0.21 0.886  0.468

Trail making A (sec) 185.12 + 15.20 165.91 +12.84 0.861  0.604
Trail making B (sec) 315.62 + 14.28 288.19+12.07 <0.001 0.001

*

2-year-follw-up MTF nonMTF P P
(n=31) (n=40)

CEARD 33.42+3.15 35.48 £ 2.77 0.643 0.774
Verbal fluency 599+ 0.74 6.76 + 0.66 0.048 0.058
Boston naming 6.40 £ 0.67 6.79 £ 0.59 0.045 0.142
Word registration 9.32+0.95 8.85+0.88 0.407 0.392
Word recall 1.29+0.36 1.52+0.32 0.819 0.730
Word recognition 3.35+0.63 4,55+ 0.55 0.847 0.627
Constructive praxis 7.06 £ 0.54 7.00+0.48 0.809 0.494
Recall of praxis 1.086 + 0.325 1.083 £ 0.286 0.666  0.506

Trail making A (sec) 218.50 £ 23.16 177.34 £ 20.38 0.312 0.287
Trail making B (sec) 337.10 £ 19.90 299.75+ 17.51 0.012 0.012

P for age-adjusted results, P” for age, sex, and education u-year adjusted results. All
values are suggested mean + (standard error).
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Figure 3. CERAD battery score changes between metformin users and nonusers

during follow-up periods.
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The decline of CERAD score during follow-up periods in each group was statistically
significant (p=0.024). However, there was no difference in the slope of CERAD value

change between MTF users and nonusers.

Figure 4. Each component of CERAD battery score changes between metformin

users and nonusers during follow-up periods.
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(A) Word registration assessment; the decline of scores during follow-up periods in
each group was statistically significant (p=0.014). However, there was no difference

in the slope of registration score change between MTF users and nonusers.
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(B) Praxis assessment; the decline of praxis score during follow-up periods in each
group was statistically significant (p=0.009). However, there was no difference in the

slope of praxis score change between MTF users and nonusers.
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(C) Working memory assessment (Trail making test B); there was no difference in
working memory score during follow-up periods in each group. However, MTF users
required more time to perform task than nonusers did (p=0.037).
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Cognitive dysfunction assessment over the follow-up period between age-
matched MTF users and MTF nonusers

As there was a significant difference in ages between MTF users and
nonusers, we created two groups matched for age. There were 210 persons in
each group and there was no significant difference in age, education year at
baseline. There was no specific trend changed in other parameters; higher
HbALc levels, lower HDL-C levels and LDL-C levels, lower serum creatinine
levels in MTF users. Significant difference previousely observed in AST
levels disappeared. However, with regard to history of hypertension and
medication, statistically significant differences were not overcome. (Table 5).
We found that patient treated with metformin got lower scores in MMSE
(P<0.001), CERAD total score (P=0.001), verbal fluency test (P=.0003), and
word registration score (p=0.034) during follow-up periods. This shows the
opposite trend when compared to the previous total group analysis. But MTF
users got higher scores in word recognition test (p=0.018). There were
significant declines but no differences in the slope of each component
between MTF users and nonusers, respectively (Figure 5). Significant
difference previously observed in word recall, praxis, and working memory

(trail making test B) between two groups disappeared.
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Table 5. Baseline characteristics of study

MTF users and MTF nonusers

participants between age-matched

MTF nonMTF

(n=210) (n=210) P-value
Age (year) 73.7+7.3 73.8+7.2 0.872
Sex(% of male) 38.1 40.0 0.764
Education (year) 7.4%5.1 7.8%5.3 0.544
Glucose (mg/dL) 149.8+68.4 136.4+56.6 0.045
HbAlc (%) 7.6+£1.8 7.0+1.4 <0.001
Total cholesterol
(mg/dL) 158.2+41.3 169.1+41.3 0.011
HDL-C (mg/dL) 44.6+12.9 47.9+15.0 0.038
LDL-C (mg/dL) 88.4+31.5 101.2+33.7 0.004
Triglyceride (mg/dL) 132.4+67.1 128.2+66.9 0.572
AST(IU/L) 24.1+12.3 28.1+25.4 0.060
ALT(IU/L) 19.4+10.2 23.3+28.8 0.086
Creatinine (mg/dL) 1.00£0.5 1.20+1.13 0.032
VitBy, (ng/mL) 841.3+602.7 1053.4£1409.3 0.117
Folate (ng/mL) 7.98+5.4 9.30+14.3 0.370
TSH (ulU/L) 2.22+2.11 2.36+2.75 0.632
Free T4 (ng/dL) 1.26x0.24 1.21+0.24 0.073
Albuminuria (%) 12 10.0 0.789
HTN Hx (%) 26.7 48.1 <0.001
Stroke Hx (%) 3.3 4.8 0.622
SU (%) 56.2 15.2 <0.001
TZD (%) 4.3 1.0 0.062
DPP4i (%) 27.6 4.8 <0.001
Statin (%) 70.5 29.0 <0.001

Statistical significance test for TG, VitB12, and folate were done by Mann-Whitney

U-test, SU; sulfonylurea, TZD;thiazolidinedione, DPPA4i;dipeptidyl peptidase 4

inhibitor, Statin; HMG-CoA reductase inhibitor
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Figure 5. Cognitive function changes between age-matched metformin user

group and nonuser group during follow-up periods.
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(A) MTF users got lower MMSE scores. The decline of MMSE score during follow-
up period in each group was statistically significant (p<0.001). However, there was no

difference in the slope of MMSE value change between MTF users and nonusers.
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(B) The score is found to be lower in the MTF user group. The decline of CERAD
score during follow-up period in each group was statistically significant (p=0.001).
However, there was also no difference in the slope of MMSE value change between

MTF users and nonusers.
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(C) Word recognition test; the decline of word recognition score during follow-up

periods in each group was statistically significant (p=0.018). However, there was no

difference in the slope of praxis score change between MTF users and nonusers.
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Association of metformin use and progression of cognitive impairment

Cognitive performance was categorized into four strata by MMSE score;
“most impaired’ (MMSE<18), “mildly impaired” (MMSE 18-23), “minimally
impaired” (MMSE 24-27), and “not impaired” (MMSE 28-30). Cognitive
performance was also evaluated by neuropsychiatrist and categorized into five
strata by diagnosis; Normal, MCI, mild AD, moderate AD, and severe AD.
Progression was defined when the categories worsened for a participant
according to MMSE grade or diagnosis. Nonprogression refers to those whose
diagnoses of cognitive function remained the same or improved during the
follow-up. At baseline and during the two-year follow-up, there were no
association between metformin use and progression (Figure 6).

Multivariate analyses of relationship between metformin use and cognitive
impairment upon one- and two-year-follow-up controlling for the
confounding effects of age, sex, education years, HbAlc, LDL cholesterol
levels, and Vitamin B12 levels are shown Tables 5 and 6. Only age was
positively related to cognitive impairment progression (OR = 1.051, 95% ClI
1.007-1.096, p= 0.023) at one-year-follow-up after adjusting for age, sex,
education-years and metformin use. Other variables were not significntly

related to cognitive dysfunction.
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Figure 6. Proportion of cognitive impairment progression as assessed by MMSE

grade and diagnosis between metformin users and non-users at one-year and

two-year follow-up.
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A) Progression of cognitive dysfunction according to MTF use at one-year follow-up.

There were 60 patients who were using metformin from baseline utill their one-year

follow-up, and 635 who had never taken metformin. (progression defined by MMSE
grade, MTF user; 6/60 (10%), p=0.817, progression by diagnosis, MTF user;12/60

(20%), p=0.285)
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B) Progression of cognitive dysfunction according to MTF use at two- year follow-up.

There were 19 patients who used meformin from baseline untill their two-year follow-

up and 194 had never used metformin up to the point of two-year follow-up (for each

definition of progression, the p-values were 1.000, and  0.194, respectively).
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DISCUSSION

Our data indicate that treatment with metformin is not significantly
associated with a higher risk of cognitive impairment in elderly adults with
diabetes after adjusting for age, gender, education duration, and other
variables including glycemic control status, LDL-C levels and vitamin B,
levels.

It is well known that patients with diabetes are at an increased risk for
AD. Various characteristics of T2DM may be associated with cognitive
dysfunction through the acceleration of AD pathophysiology. Therefore, it is
important for diabetes patients to control the diabetes appropriately to prevent
deterioration of cognitive function.

Metformin is the most widely used medication for T2DM. However,
there is continued controversy about the relationship between metformin use
and a decline of cognitive function, as not all studies reported equivalent
results.

The results of our study also suggest that effect of metformin on
cognitive function is not so simple to say definitively positive or negative.
There were differing results depending on which indicators were applied or
which variables were adjusted to evaluate cognitive impairment.

It is important to clarify the relationship between metformin use and
cognitive dysfunction, as there will be an increasing number of older adult
with DM and cognitive impairment. Our work is consistent with several prior

investigations, and it extends those findings in several ways. Some significant
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differences exist between that trial and the present work. First, we could
assess cognitive function longitudinally by accessing one- and two-year
follow-up data. Therefore, we could evaluate the relationship between
metformin use and the progression of cognitive dysfunction. Many previous
studies utilized cross sectional study design with limitations with regard to
progression. Second, we administered several tests in addition to the MMSE
to evaluate cognitive function. Thus, we could offer fine diagnoses.

There was a significant age-difference in comparison between MTF
users and nonusers at baseline. After adjusting for age by using statistical
methods, there was significant difference in CERAD battery results. So we
made age-matched MTF nonuser group in order to overcome age-difference.
Age-matched nonusers showed higher scores in MMSE, CERAD battery, and
word recognition test (Figure 5). It was somewhat opposite trend when
compared with the previous analysis. Since there was no difference observed
in slope of changes on cognitive function between MTF users and nonusers, it
could explained by other difference of the metabolic characteristics of MTF
users rather than taking metformin itself.

First of all, a geriatric dementia cohort study reported that the age of the
elderly is the most relevant factor in cognitive impairment [32]. MTF users
were younger than nonusers in total group analysis. Considering the result of
the geriatric study, young age in MTF user group gave the possibility to show
a relative good scores in cognitive function test, so that we could not find out
the same results after creating age-matched group.

However, as can be shown in the table 5, baseline characteristics between
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two age-matched groups had not changed significantly except age. Patients
taking metformin still had higher HbAlc level, took more medications to
control DM and had more histories of hypertension. It demonstrates that blood
glucose control and hypertension can affect on the cognitive function more
strongly. It also proves that there may be confounding variables other than age
failed to control.

As an observational study unobserved confounding variables could be a
threat to our analysis. Over 97% of MTF users took other types of
medications for DM, whereas only 28% of MTF nonusers received
medication at baseline, which suggests that MTF users had high-severity
diseases and high levels of comorbidity, which may have influenced their
cognitive functions. It is known that effect of DM on dementia becomes lower
in advanced dementia. Therefore, if there were more subjects with high
severity disease in MTF user groups, the relationship between MTF use and
cognitive dysfunction might have been underestimated.

Some studies reported that compared to persons found to have no
cognitive impairment, rate of cognitive decline during follow-up increased
approximately twofold in MCI and fourfold in AD [33]. The initial status of
cognitive function may influence the changes in cognitive deterioration. So
we planned to divide study population into three groups according to initial
cognitive function state; normal, MCI, and AD group and evaluate their
changes on cognition. But there were few cases followed up to analyze. It
could be one of limitations in this study.

The follow-up intervals were not long enough that they did not
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sufficiently show subtle progression of cognitive impairment. Therefore, cases
of progression may have been underestimated. Also even though we analyzed
serial follow up data, there were only 44 cases which recorded both 1 year
follow up and 2 year follow up test. That is not enough to find out statistically
significant change.

Finally, nearly all of those in our population were registered in a
dementia database and took medication for the regulation of AD. The effects
of such medications on their cognitive function could not be adjusted.

In summary, the findings of this observational study indicate that there is
no certain evidence whether the use of metformin increases the risk of
developing AD. These results suggest that there is not sufficient evidence to
hesitate to prescribe metformin as a first-line treatment for elderly subjects
with cognitive dysfunction. However, some indicators which reflect cognition
showed significant deterioration after adjusting for age, possible a confounder.
A well controlled study on a large scale is necessary in order to confirm these

effects.
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