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Context: Depression, mild cognitive impairment, and dementia are highly prevalent chronic conditions
associated with social, medical, and economic burdens. Although there are several epidemiological
studies that have reported the prevalence of mild cognitive impairment or depressive syndrome in
elderly diabetic population little is known about the comorbidity of these conditions. We aimed to study
the prevalence of comorbid mild cognitive impairment (MCI) and depression in patients with Type 2
diabetes mellitus and its relation to glycemic control.
Materials and methods: the present work was carried on 400 patients with T2DM. History taking,
physical examination, laboratory investigations (with special emphasis on glycemic profile and lipid
profile parameters) were done for every patient. Assessment of anxiety and depression using the HADS
score and assessment of mild cognitive impairment using MoCA score were done.
Results: 76% of studied patients had depression of varying degrees while 56.8% of studied patients had
MCI. Decreased level of HDL-cholesterol and increased HADS anxiety score were significant predictors of
depression. On the other hand, increased level of total cholesterol, decreased level of HDL-cholesterol,
increased HADS depression score and decreased MoCA score were significant predictors of anxiety.
HDL-cholesterol HADS anxiety score, FBG, and duration of DM were the significant predictors of MCL
Conclusion: Increased level of total cholesterol, decreased level of HDL-cholesterol, increased HADS
depression score and decreased MoCA score were significant predictors of anxiety. HDL-cholesterol,
HADS anxiety score, FBG, and duration of DM were the significant predictors of MCIL.

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

million deaths worldwide were attributable to high blood glucose
and the increased risks of cardiovascular disease and other asso-

Globally, an estimated 422 million adults have DM according to
the latest 2016 data from the World Health Organization (WHO) [1].
DM prevalence of 8.3% is increasing rapidly and previous 2013 es-
timates from the International Diabetes Federation (IDF) is that 381
million people having DM and the number is projected to almost
double by 2030 [2]. There were over 7.8 million cases of DM in
Egypt in 2015.

The WHO estimates that DM resulted in 1.5 million deaths in
2012 making it the 8th leading cause of death. However another 2.2
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ciated complications (e.g. renal failure) which often lead to pre-
mature death and are often listed as the underlying cause in death
certificates rather than DM [1].

Mild cognitive impairment (MCI) is a clinical label which in-
cludes elderly subjects with memory impairment and with no
significant daily functional disability. MCI is an important target for
future Alzheimer's dementia (AD) prevention studies [3]. Because
the majority of MCI individuals show progressive memory decline
due to the presence of AD pathology in its earliest stages, this may
be the optimum stage at which to intervene with preventive
therapies [4]. Clinical studies reported a conversion rate from MCI
to AD of 10—15%/year [5].

MCI has been associated with decreases in psychomotor speed
[6], frontal lobe/executive function [7], verbal memory [8],
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processing speed [8], complex motor functioning [9], working
memory [10], immediate recall, delayed recall [11], verbal fluency
[9], visual retention [12], and attention [13].

The incidence of both T2DM and dementia increase in later life,
which increases the prevalence of the comorbidity of these pa-
thologies. Moreover, recent studies have indicated that older peo-
ple with T2DM have a higher risk of cognitive dysfunction or
dementia [14]. Ample evidence has indicated that T2DM is related
not only to vascular dementia (VD) but also to the clinical diagnosis
of Alzheimer's disease (AD)-type dementia [15].

One of the earliest findings from a large epidemiological study
showing that T2DM patients had an increased risk for developing
dementia came from the Rotterdam Study. Another study demon-
strated a 65% increase of the risk for developing AD in T2DM sub-
jects [16].

The National Institutes of Health (NIH) Diabetes Mellitus Inter-
agency Coordinating Committee, in its 2010 strategic planning
report, identifies cognition among the strategic priorities for dia-
betes research over the next decade. The report recommends in-
clusion of validated cognitive instruments in epidemiologic studies
to further elucidate mechanisms of CNS complications in diabetes
[17].

The cause of cognitive impairment and depression in type 2
diabetes is unknown, but it is most likely multifactorial. Chronic
hyperglycemia, cerebral microvascular disease, severe hypoglyce-
mia, and an increased prevalence of macrovascular disease could
play significant role in pathophysiology of brain disturbances.
Diabetes is associated with an increased release of inflammatory
cytokines, and the excess inflammation may be neurotoxic [18].

Depressive disorders are a significant public health issue. They
are prevalent, disabling, often chronic illnesses which cause a high
economic burden for society related to both direct and indirect
costs. Depressive disorders also influence significantly the outcome
of comorbid medical illnesses such as cardiac diseases and cancer.
Depression can be defined as a state of low mood and aversion to
activity that can affect a person's thoughts, behavior, feelings and
sense of well-being [19].

An association between depression and diabetes was recognised
as early as the 17th century, when British physician Thomas Willis
noted that diabetes frequently appeared in individuals who had
experienced previous life stresses or sadness [20].

There is growing evidence regarding the bidirectional adverse
interaction between diabetes and depression. A study found that
depressive symptoms at baseline were associated with an
increased incidence of diabetes. Also it is a predictive factor for the
number and severity of diabetic complications [21].

Depressive symptoms are associated with decreased glycemic
control and increased diabetic complications; conversely, poor
metabolic control and functional impairment due to increasing
complications may cause or worsen depression and lessen
response to antidepressant treatment [22].

The reason for this timely relationship between depression and
diabetes manifestation is unclear. It could be that people with
elevated depressive symptoms are less attentive toward a healthy
lifestyle, therefore increasing their risk for type 2 diabetes.

Alternative explanations for this finding refer to chronic dysre-
gulations of the hypothalamic—pituitary—adrenal (HPA) axis such
as high cortisol levels and reduced insulin sensitivity or an activa-
tion of the immune system leading to or fostering chronic inflam-
matory processes [23].

A third explanation stems from study results indicating that
blood glucose is itself a potent regulator for mood states. In
particular, hypoglycemia or severe hyperglycemia is able to induce
negative emotional states in patients with diabetes [24].

The presence of depression in a patient with diabetes has been

suggested as one of the possible causes of an inadequate metabolic
control, especially for those patients who cannot achieve an
adequate glycemic control despite intensive medical recommen-
dations [25].

The present piece of work aimed to study the prevalence of
comorbid Mild cognitive impairment (MCI) and depression in pa-
tients with Type 2 diabetes mellitus and its relation to glycemic
control.

2. Materials and methods

The present work was carried on 400 patients with T2DM.
History taking, physical examination, laboratory investigations
(with special emphasis on glycemic profile and lipid profile pa-
rameters) were done for every patient. 198 patients were males and
202 patients were females. The age of the study group ranged from
30 to 70 years with a mean age of 50.01 + 11.71 years. The duration
of DM among studied cases ranged from 1 to 45 years with a mean
duration of 18.14 + 12.65 years.

Assessment of anxiety and depression using the HADS score and
assessment of mild cognitive impairment using MoCA score were
done.

3. Results
3.1. Age, sex, duration of diabetes

The ages of the studied cases ranged from 30 to 70 years with a
mean age of 50.01 + 11.71 years. Nearly a half (49.5%) of studied
cases were males and the rest (50.5%) were females.

The duration of DM among studied cases ranged from one to 45
years with a mean duration of 18.14 + 12.65 years. The majority
(70%) of studied cases had DM for 10 years or more (see Table 1).

3.2. Glycemic profile

Table 3 revealed that the mean fasting blood glucose (FBG)
among studied patients was 154.2 + 35.23 mg/dl. About a third
(32.2%) of the patients were controlled (FBG < 130 mg/dl) while the
other two thirds (67.8%) were uncontrolled. The mean HBA1c of
studied patients was 7.76 + 1.68%. Less than half (40.8%) of the
patients were controlled (HBA1c<7) while 59.2% were uncon-
trolled (see Table 2).

3.3. Prevalence of depression and anxiety

Fig. 1 show that more than three quarters (76%) of studied pa-
tients had depression of varying degrees according to HADS test
scoring. These patients were classified according to severity into

Table 1
Distribution of the studied cases according to demographic data.

Demographic data Studied cases (n =400)

No. %
Age (years)
30- 97 243
40- 85 213
50- 114 28.5
60—70 104 26.0
Min. — Max. 30-70
Mean + SD. 50.01+11.71
Median (Q1-Q3) 51.0 (40.0-60.0)
Sex
Male 198 49.5
Female 202 50.5
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Table 2
Distribution of the studied cases according to duration of diabetes.

Duration of diabetes (years) Studied cases (n = 400)

No. %
<10 120 30.0
>10 280 70.0
Min. — Max. 1-45
Mean + SD. 18.14+12.65

Median (Q1-Q3) 14.0 (8.0—-27.0)

Table 3
Distribution of the studied cases according to glycemic profile.

Glycemic profile Studied cases (n =400)

No. %
FBG (mg/dl)
<130 (Controlled) 129 32.2
>130 (Not controlled) 271 67.8
Min. — Max. 110-240
Mean + SD. 154.2 +35.23
Median (Q1-Q3) 143.0 (125.0-175.0)
HBA1c (%)
<7 (Controlled) 163 40.8
>7 (Not controlled) 237 59.2
Min. — Max. 6.2—-13.0
Mean + SD. 7.76 £1.68
Median (Q1-Q3) 7.15 (6.7-7.9)
M De...
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Fig. 1. Distribution of the studied cases according to HADS score.

patients with mild depression (34.3%), patients with moderate
depression (30.8%) and those with severe depression (11%).

Similarly, more than three quarters (76.5%) of studied patients
had anxiety of varying degrees according to HADS test scoring.
These patients were classified according to severity into patients
with mild anxiety (36%), patients with moderate anxiety (30%) and
those with severe anxiety (10%).

3.4. Prevalence of mild cognitive impairment

Fig. 2 demonstrate that more than half (56.8%) of studied pa-
tients had mild cognitive impairment (MCI) according to Montreal
Cognitive Assessment (MoCA) Test Score.

3.5. Relation between HADS and MoCA scores

Table 4 reveals a strong positive significant correlation was

M Normal
\[d]

56.8%

Fig. 2. Distribution of the studied cases according to MoCA test Score.

Table 4
Correlation between HADS scores and MoCA score for total sample.

Studied variables HADS score (n=400)

Depression Anxiety

r P r P
Depression score 0.921" <0.001"
Anxiety score 0.921" <0.001"
MoCA score -0.772" <0.001" —-0.847" <0.001"

r: Spearman's coefficient.
*: Statistically significant at p < 0.05.

found between HADS depression score with HADS anxiety score
(r=0.921, p<0.001). Moreover, a strong negative significant cor-
relation was found between HADS depression score with MoCA
score (r = —0.772, p < 0.001) and between HADS anxiety score with
MoCA score (r=—0.847, p <0.001).

3.6. Multiple linear regression analysis of factors affecting
depression and anxiety HADS scores

Table 5 shows variables that were significantly associated with
the high risk of depression and anxiety among studied diabetic
patients as examined by multiple linear regression analysis.

Results of the linear regression analysis revealed that decreased
level of HDL-cholesterol and increased HADS anxiety score were
significant predictors of depression. On the other hand, increased
level of total cholesterol, decreased level of HDL-cholesterol,
increased HADS depression score and decreased MoCA score
were significant predictors of anxiety.

Table 5
Multiple linear regression analysis of factors affecting Depression and Anxiety HADS
scores among studied cases.

Studied variables HADS score

Depression Anxiety

B t P B t P
Duration of DM 0.007 0.025 0.197 —0.003 0.005 0.461
HbA1lc -0.389 —-0.900 0.369 —-0.295 -0.824 0410
Cholesterol -0.013 -1.012 0312 0.025 2.275 0.023"
HDL -0.047 -2.724 0.007" 0.046 3.248 <0.001"
Depression score 0.706 32.086 <0.001"
Anxiety score 1.025 32.086 <0.001"
MoCA score 0.001 0.008 0.994 -0.143 -8541 <0.001"
F(P) 502.927" (<0.001%) 698.150" (<0.001%)
R? 0.885 0914

B: Regression coefficient.

t, p: calculated and p-value of t-test.

F (P): calculated and p-value of ANOVA test.
*: Statistically significant at p < 0.05.
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3.7. Predictors of MCI; results of multivariate logistic regression
analysis

Table 6 shows variables that were significantly associated with
the high risk of MCI among studied diabetic patients as examined
by multivariate logistic regression analysis. Results of the logistic
regression analysis revealed that HDL-cholesterol HADS anxiety
score, FBG, and duration of DM were the significant predictors of
MCI. The patients with low HDL-cholesterol level were about three
times more prone to MCI than those without (OR = 2.697). More-
over, patients having anxiety and those having uncontrolled FBG
were about two times at higher risk of MCI (OR = 1.965 and 1.715
respectively). Also, patients with long duration of DM were slightly
more prone to MCI (OR = 1.075).

4. Discussion

Type 2 diabetes mellitus and prediabetes have been associated
with an increased risk of cognitive impairment, accelerated
cognitive decline, and dementia among older adults.”® Depression
is commonly found as a co-morbid condition in chronic medical
illnesses in general, and diabetes mellitus (DM) in particular.
Depression in patients with DM represents a complex, co-morbid
condition, which is the result of complicated interactions be-
tween bio-psycho-social and genetic factors. Depression originates
as a direct consequence of neurochemical changes with DM, which
harmfully affects health outcomes. The combination of diabetes
and depression is associated with decrease in functional abilities
and self-care.% 196-198

The aim of the present work was to study the prevalence of
comorbid Mild cognitive impairment (MCI) and depression in pa-
tients with Type 2 diabetes mellitus and its relation to glycemic
control.

The present work was carried on 400 patients, 49.5% of them
were males and 50.5% were females. The mean age of the studied
subjects was 50.01 + 11.71 years and the mean duration of diabetes
was 18.14 + 12.65 years. The majority (70%) of studied cases had DM
for 10 years or more.

The mean FBG was >154.2 + 35.23 mg/dl two thirds (67.8%) of
the patients were uncontrolled (FBG > 130 mg/dl).

The mean HbAlc percentage was 7.759 + 1.676%. There were
163 controlled patients (HBA1c < 7) and this represented 40.8% of
the patients and 237 uncontrolled patients (HBAlc > 7) which
represented 59.2% of the patients.

More than three quarters (76.5%) of studied patients had anxiety
of varying degrees according to HADS test scoring. Similarly, more
than three quarters (76%) of studied patients had depression of
varying degrees.

Mikaliukstieneé A. et al., found that the prevalence of anxiety in

Table 6

Predictors of MCI; results of multivariate logistic regression analysis.
Studied variables B P OR 95% C.I
Duration of DM 0.073 0.001" 1.075 1.030—-1.122
FBG 0.539 <0.001" 1.715 1.394-2.109
Cholesterol 0.023 0.296 0.977 0.936—1.02
HDL —0.992 <0.001" 2.697 1.657-4.39
Depression score 0.132 0.400 1.141 0.839-1.55
Anxiety score 0.675 <0.001" 1.965 1.356—-2.847
Model Chi-square (P) 368.895" (<0.001")
Constant (P) 7.2457 (0.007")

B: Regression coefficient.

OR: Odds ratio.

C.L: confidence interval.

*: Statistically significant at p < 0.05.

T2DM was 42.4% and the prevalence of mild to severe depression
score was 28.5% [26]. Rajesh R. et al., found the that prevalence of
anxiety was (21.0% vs. 7.3%, P=0.001) as compared to healthy
controls, while the prevalence of depression was (26.3% vs. 11.2%,
P =0.001) as compared to healthy controls [27].

Rustad et al., conducted a meta-analysis of 42 published studies
that included 21,351 adults, and found that the prevalence of major
depression in people with diabetes was 11%, and the prevalence of
clinically relevant depression was 31% [28].

We reported higher prevalence of anxiety and depression
compared to these studies but this can be explained by:

i. Different studies didn't agree on an approximate fixed
prevalence rate of either anxiety or depression in T2DM
ii. In the present work we included patients with longer dura-
tion of T2DM compared to the previously mentioned studies.
iii. Different ethnic characteristics might have a role in the
variability of reported prevalence rate of anxiety and
depression in T2DM.

In the present work we demonstrated that more than half
(56.8%) of studied patients had mild cognitive impairment (MCI)
according to Montreal Cognitive Assessment (MoCA) Test Score.

Gao Y. et al, reported that the prevalence of MCI with T2DM
prevalence was 13.5% which was more frequent than the preva-
lence of MCI for the general population [29], while Chukwuemeka
0. et al, reported found that 40% of patients with T2DM had
cognitive impairment [30].

We reported higher prevalence of MCI compared to these
studies but this can be explained by the following:

i. Difference in the test used to assess the state in MCI, in the
present work we used the MoCA test while Gao Y. et al., used the
Petersen's diagnostic standard test for MCI [29], while Chuk-
wuemeka O. et al.,, used the Mini mental state examination
(MMSE) [30].

ii. Advanced age, low education attainment, unskilled occupation
and presence of diabetic complications may play a role in the
reported higher prevalence of MCI in the present work.

A strong positive significant correlation was found between
HADS depression score with HADS anxiety score (r=0.921,
p <0.001). Moreover, a strong negative significant correlation was
found between HADS depression score with MoCA score
(r=-0.772, p<0.001) and between HADS anxiety score with
MoCA score (r = —0.847, p < 0.001).

To our knowledge and after reviewing literature, the present
work is the first study to speculate direct correlation between HADS
and MoCA scores in patients with T2DM.

A positive significant correlation was found between HADS
depression and anxiety scores with HbA1c% (r = 0.451 and 0.544)
(p<0.001).

These results match the results stated by Balhara et al., who
found that the anxiety/depression scores were related to HbAlc
levels (correlation-coefficient, 0.41; P = 0.03) [31]. In addition, Eren
et al., reported that the number of depressive episodes correlated
positively with HbA1c levels [32].

Another longitudinal study investigated the correlation be-
tween depression and A1C levels in T2DM patients with and
without depression. The authors observed that type 2 diabetic
patients with depression exhibited higher HbA1c levels compared
to patients without depression in all time points evaluated [33].

Results of the linear regression analysis revealed that decreased
level of HDL-cholesterol and increased HADS anxiety score were
significant predictors of depression. On the other hand, increased
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level of total cholesterol, decreased level of HDL-cholesterol,
increased HADS depression score and decreased MoCA score
were significant predictors of anxiety.

These results are in concordance with what was reported by
Chew et al., who stated that There were significant and distinctive
associations of anxiety, depressive symptoms, health-related
quality of life, and medication adherence with glycemic state,
blood pressure and lipid profile biomarkers [34].

Results of the logistic regression analysis revealed that HDL-
cholesterol, HADS anxiety score, FBG, and duration of DM were
the significant predictors of MCI. The patients with low HDL-
cholesterol level were about three times more prone to MCI than
those without (OR = 2.697). Moreover, patients having anxiety and
those having uncontrolled FBG were about two times at higher risk
of MCI (OR = 1.965 and 1.715 respectively). Also, patients with long
duration of DM were slightly more prone to MCI (OR = 1.075).

These results matched the results stated by Chen et al., who
found that age, years of education, duration of diabetes, fasting
blood glucose, glycated hemoglobin, hypertension and waist-to-hip
ratio were correlated with total MoCA score in patients with type 2
diabetes mellitus [35].

Similarly, the results reported by Ashrafi F. et al., who found that
Lower FBS level was significantly associated with better MoCA
score.

These results match those reported by Ming et al. who
demonstrated that type 2 diabetic patients with MCI had a longer
duration of diabetes; higher low density lipoprotein cholesterol
(LDL-C), triglycerides, total cholesterol, HbA1c, and BMI; and lower
high-density lipoprotein cholesterol (HDL-C) (P < 0.05) [36].

5. Conclusion

Patients with T2DM have a high prevalence of mild cognitive
impairment, anxiety and depression. A strong positive significant
correlation was found between HADS depression score and HADS
anxiety score and a strong negative significant correlation was
found between HADS anxiety and depression scores with MoCA
score.

In view of results and conclusion of the study, we recommend
that maintaining tight glycemic control and within normal range
lipid profile parameters is very important to avoid long term
complications and to decrease the incidence of mild cognitive
impairment, anxiety and depression in diabetic patients.
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