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Mild Cognitive Impairment in Young Type 1 Diabetes Mellitus
Patients and Correlation with Diabetes Control, Lipid Profile,
and High-sensitivity C-reactive Protein
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Background: It has been an established fact that diabetes mellitus (DM) is associated with lower levels of cognitive function and may be a
risk factor for the development of mild cognitive impairment (MCI) and dementia. Most of these studies involved elderly diabetes patients
and aging itself may contribute to cognitive impairment. Since a majority of the individuals with DM are between the ages of 40 and 59 years,
it is crucial to determine the factors that contribute to cognitive impairment in these patients. So this study was done to correlate the various
physical and metabolic parameters with MCI in young individuals with type 1 DM. Materials and Methods: In this cross-sectional study,
126 patients with type 1 DM underwent cognitive assessment by the Montreal Cognitive Assessment test and their cognitive levels were
correlated with their HbA ¢, lipid profile, and high-sensitivity C-reactive protein (hs-CRP). Results: The prevalence of MCI was 71.42%.
MCI was significantly correlated with HbAlc, serum triglycerides, low-density lipoprotein, very low-density lipoprotein, and hs-CRP
levels. The factors that were statistically insignificant were the duration of diabetes, body mass index, and high-density lipoprotein levels.
Conclusion: Cognitive impairment is seen even in type 1 DM patients. It should be considered along with the other complications of DM.
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INTRODUCTION hypertension, and depression play significant roles.[** Much
research has been done on cognitive dysfunction in patients
with type 1 DM (T1DM) and type 2 DM (T2DM)), especially
more in T2DM patients. Most of these studies involved
elderly diabetes patients and aging itself may contribute to
cognitive impairment. Since a majority of the individuals with
DM are between the ages of 40 and 59 years,"! it is crucial
to determine whether the factors described above contribute
to cognitive impairment in young individuals with DM as
well. As for TIDM, which is less common and has an onset
in childhood, information relating to cognitive function is
relatively scanty.

The prevalence of diabetes mellitus (DM) is rapidly increasing
and it has become a major health problem in recent years in
the world. It has been a known fact that diabetes is associated
with lower levels of cognitive function and may be a risk factor
for the development of mild cognitive impairment (MCI) and
dementia.l"? It is reported that a diagnosis of diabetes increased
the odds of cognitive decline 1.2-fold and future dementia
1.6-fold.’ MCI, also known as incipient dementia or isolated
memory impairment is a brain function syndrome involving
the onset and evolution of cognitive impairments beyond those
expected based on the age and education of the individual, but
which are not significant enough to interfere with their daily

activities.!* It is often found to be a transitional stage between o Address fOI’SGON'ESPOIldBﬂCB: Dr.CNaveen Kumar,
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in diabetes is unclear, hyperglycemia, vascular disease,
hypoglycemia, insulin resistance, amyloidosis, concomitant
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This study was designed to examine the associations between
diabetes control, dyslipidemia, chronic inflammation, and
cognitive function of young T1DM patients.

MareriaLs AND METHODS

This cross-sectional study included young patients with T1IDM
attending medical outpatient department and those admitted
to the hospital from January 2017 to December 2017. All the
subjects included in the study were interviewed regarding age,
gender, education level, duration, type of diabetes, history of
smoking, history of alcohol abuse, sleep status (sleepless or not),
history of hypertension, and dyslipidemia using a predesigned
and pretested proforma. Medication history regarding the
use of lipid-lowering medications, antidiabetes medications,
antihypertensive medications, antiplatelet medications, or
any drug causing cognitive impairment recorded through
questionnaires and pill bottle review. Socioeconomic status was
classified using the BG Prasad scale (updated for 2017).01%11

The patients between 15 to 59 years of age, who are either
known or recently diagnosed to have T1DM (according to the
ADA 2017 guidelines) and the patients willing to participate
in the study were included.[" The criteria for diagnosing the
T1DM was fasting blood glucose >126 mg/dl or HbA1c>6.5%
along with the positive test for the two autoantibodies of
T1DM (GAD65, TIAA, TA-2A, and ZnT-8).1'2

The exclusion criteria were age >60 years, T2DM patients,
patients with established diagnosis of dementia due to any
cause, patients who were seriously ill, patients who were on
long-term corticosteroid therapy, patients on lipid-lowering
medications, patients with thyroid disorder, patient with a history
of cerebrovascular accidents, patients who were either known
case of hypertension or recently diagnosed as hypertensive,
patients with spine deformities, pregnant females/lactating
females, patients on drugs like benzodiazepines, opiates,
tricyclic antidepressants, corticosteroids, anticonvulsants, and
so on that may cause cognitive impairment,!'>'4! patients with
chronic diseases like chronic liver disease, rheumatological
disorders, chronic kidney disease, history of auditory disorders,
and psychological disturbances which might interfere with the
Montreal Cognitive Assessment (MoCA) test, history of alcohol
or any drug abuse, and patients who were not co-operative.

After obtaining informed consent, the data were collected which
included age, sex, duration, and relevant biochemical tests. For
assessment of cognitive functions, MoCA (Hindi version 7.1)
arapid screening test for MCI was used.["! It assesses different
cognitive domains: attention and concentration, executive
functions, memory, language, visuoconstructional skills,
conceptual thinking, calculations, and orientation. The total
possible score is 30 points; a score of 26 or above is considered
normal.

Ethical clearance
The study was carried out in accordance with the declaration
of Helsinki (2000) of the World Medical Association and

approved by the institutional medical ethics committee.
Informed consent was obtained from all participants.

Statistical analysis

The sample size was calculated by the formula Z2 x p x (1 —p)/d?,
Z = standard normal variate (at 5% type 1 error it is 1.96),
p = expected proportion, d = absolute error. The expected
proportion was taken as 70% based on the previous study!®
and the absolute error was kept at 10%. The calculated sample
size was 81.

The data obtained were tabulated on the Microsoft excel
spreadsheet. Categorical data were expressed as rates,
ratios, and percentages. Continuous data were expressed as
the mean + standard deviation (SD). Pearson’s correlation
coefficient () was used to assess the correlation between HbA lc,
lipid profile, high-sensitive C-reactive protein (hs-CRP), and
various domains of cognitive impairment. SPSS 17 trial version
software was used for analysis.

ResuLts

A total of 383 patients with TIDM were screened and
126 patients were enrolled in the study after satisfying the
inclusion and exclusion criteria. MCI was seen in 71.42% of
patients.

Baseline characteristics

Most of the patients in this study were between 20 to 40 years
of age (65.1%). The mean age group in patients with MCI
was 28.10 years and without MCI was 26.41 years. Male
patients (57.1%) were more in our study and they were
represented more in both the groups. Gender did not have
the significant impact on MCI. Patients from the rural
area (54.8%) and low socioeconomic status (57.9%) were
more in both the groups. The prevalence of MCI was also
more in the patients from the rural area (72.5%) and low
socioeconomic group (71.2%), but the observation was not
significant.

Duration of TIDM and MCI

About 68.25% of patients had the disease of <10 years duration
and the MCI was observed in 66.3% of patients in this group.
Around 23% of patients had the disease of >15 years duration
and 82.75% of the patients in this group had MCI. The mean
duration of diabetes was also higher in patients with MCI and
it was not significant.

Body mass index and MCI

About 19.8% of patients had body mass index (BMI)
<18.5 kg/m? and 68% of patients in this group had MCI. Only
11.1% had BMI >25 kg/m? but the prevalence of MCI was
85.7% in this group. Although the mean BMI was higher in
patients with MCI, it was not significant as 69% of patients
had normal BMI [Table 1].

Glycemic control and MCI
MCI with optimal glycemic control (HbAlc <7%) was
observed in 11.1% of the patients and 61.3% had MCI without
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optimal glycemic control (HbAlc >7%). This observation
was significant (P = 0.015). About 19% of the patients with
HbAlc >7% had normal cognitive functions. HbAlc values
correlated negatively with MoCA score (r=-0.387) [Table 2].
On correlating the components of MoCA test with HbAlc
significant correlations were found with visuospatial/executive
function (P < 0.001), delayed recall/memory (P <0.001), and
language (P < 0.05) [Figure 1].

Table 1: Baseline characteristics

Variable MCI present (MoCA  MCI absent (MoCA
score <26) =90  score =26) n=36

Age

Years, mean (SD) 28.10 (8.69) 26.41 (9.36)
Gender

Male, n (%) 50 (55.6) 22 (61.1)

Female, n (%) 40 (44.4) 14 (38.9)
Residential area

Rural, n (%) 50 (55.6) 19 (52.8)

Urban, n (%) 40 (44.4) 17 (47.2)
Socioeconomic status

Lower, n (%) 52(57.8) 21(58.3)

Lower middle, n (%) 29 (32.2) 10 (27.8)

Upper middle, n (%) 9 (10.0) 5(13.9)

Upper, n (%) - -
Duration

<5 years, n (%) 25(27.8) 17 (47.2)

6-10 years, n (%) 32 (35.6) 12 (33.3)

11-15 years, n (%) 9 (10.0) 2 (5.6)

>15 years, n (%) 24 (26.7) 5(13.9)
Mean (SD) 10.66 (8.42) 8.17 (8.43)
BMI (kg/m?), mean (SD) 21.36 (4.38) 20.46 (2.91)
HbAIc (%), mean (SD)* 9.18 (2.55) 8.04 (1.72)

Lipid profile, mean (SD)

TC (mg/dl)* 274.41 (69.54) 232.78 (57.50)
TG (mg/dl)* 243.49 (76.46) 208.83 (76.58)
HDL (mg/dl) 38.70 (5.75) 40.33 (5.64)

LDL (mg/dl)* 187.99 (65.11) 150.33 (52.58)
VLDL (mg/dl)* 48.91 (15.65) 42.12 (15.10)
hs-CRP (mg/l)* 4.11 (3.48) 2.32(2.47)

ESR (mm/h)* 23.14 (11.63) 16.86 (10.51)

SD: Standard deviation, BMI: Body mass index, TC: Total cholesterol,
TG: Triglycerides, HDL: High-density lipoprotein, LDL: Low-density
lipoprotein, VLDL: Very low-density lipoprotein, hs-CRP:
High-sensitivity C-reactive protein, ESR: Erythrocyte sediment rate,
MoCA: Montreal Cognitive Assessment score. *P<0.05

Dyslipidemia and MCI

The prevalence of dyslipidemia [triglycerides (TG)
>150 mg/dl] was 78.6% and the mean values were higher
in patients with MCI. The observation was significant with
total cholesterol (TC), TG, low-density lipoprotein (LDL),
and very low-density lipoprotein (VLDL) levels. The
significant correlations among the MoCA test were found with
orientation (P < 0.001), delayed recall/memory (P < 0.001),
naming (P < 0.05), and attention (P < 0.05) [Figure 2].

hs-CRP and MCI

In our study, 81.2% of patients with hs-CRP levels of >1 mg/1
had MCI, while MCI was found in 43.3% of patients with
hs-CRP levels of <1 mg/l. It was found that in patients with
MCI the hs-CRP levels were higher and the observation was
significant (P =0.005). On correlating the hs-CRP values with
components of MoCA test, significant correlations were found
with visuospatial/executive functioning, attention, language,
and abstraction (P < 0.05) [Figure 1].

We also found a significant correlation between MCI
with erythrocyte sediment rate (ESR). Overall, delayed
recall/memory was significantly affected, cognitive function
affected in our study.

Discussion

T1DM is also on the increase like T2DM, even though not in
the same proportion, but still with a 3—5% increase/year. India
accounts for most of the children with TIDM in South-East
Asia.”! Along with the focus on early identification of the
microvascular and macrovascular complications in the TIDM,

i y delayed
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Figure 1: Correlation of different components of MoCA score with HbA1c
and hs-CRP

Table 2: Correlations coefficients of serum values of HbA1c, TG, LDL, VLDL, hs-CRP MoCA score

HbA1c TG VLDL hs-CRP MoCA score
HbAlc 1 —0.210% —0.227* —0.189% 0.400%* —0.387%*
TG —0.210% 1 0.326%* 0.981%* 0.039 —0.042
LDL -0.227* 0.326%* 0.311%* 0.062 —0.189*%
VLDL —0.189* 0.981%* 0.311%* 1 0.067 -0.036
hs-CRP 0.400%* 0.039 0.062 0.067 1 —0.376%*
MoCA score —0.387%* —0.042 —0.189* -0.036 —0.376%* 1

TG: Triglycerides, LDL: Low-density lipoprotein, VLDL: Very low-density lipoprotein, hs-CRP: High-sensitivity C-reactive protein, MoCA: Montreal

Cognitive Assessment score. *P<0.05, **P<0.001
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Figure 2: Correlation of different components of MoCA score with lipid
profile

the screening for MCI should be considered because of the
high prevalence in our study. The high prevalence of MCI
may be due to the early onset of disease, more incidences of
glycemic fluctuations and hypoglycemia due to insulin therapy,
and the underestimated metabolic derangements in T1DM.
The children with TIDM tend to perform less in cognitive
and intellectual functions when compared to children with
no diabetes.!'$:1"]

Age at the time of diagnosis, gender, residential area, and
socioeconomic status had no significant effect on MCI in our
study. It has also been observed that cognitive impairments
appear in TIDM irrespective of their age. Studies have shown
the appearance of MCI in TIDM patients who were diagnosed
as early as 2 years of age, whereas some remain unaffected
even at late stages of life.?*?!! A decline in verbal intelligence
was seen in TIDM boys with worse glycemic control when
compared to girls of similar ages.”” The confounding factor
of education was removed by employing MoCA test in our
study. The residential area has shown not to influence the
MClI in studies on both the TIDM and T2DM patients.t!¢2324]
Socioeconomic status had no effect on MCI, may be due to
the distribution of insulin at free of cost to T1DM patients in
the community hospitals.

The mean duration of disease in patients with MCI was more
when compared to patients without MCI, but the finding was
statistically insignificant. The HbAlc values were higher in
patients with MCI, which has a significant negative correlation
with MoCA scores (r = —0.387). It suggests that rather than
the duration of diabetes in T1DM, the degree of chronic
hyperglycemia had more impact on cognitive functions./?”
Numerous underlying mechanisms of hyperglycemia that lead
to MCI has been proven through multiple studies. Blood—brain
barrier microvascular dysfunction may occur as a result of
transient hyperglycemia.?! Altered synthesis or reuptake of
monoamine neurotransmitters as a result of altered precursor
availability to the brain or changes in insulin availability to the
brain are other possible explanations.?*? Complex effects on
peptide neurotransmitters may be produced by uncontrolled
diabetes.®! Any one of these mechanisms alone may be
insufficient, and several of these mechanisms could be additive.

The mean BMI was more in patients with MCI and it did
not correlate with MCI in our study. Higher BMIs were
associated with poorer cognitive performances in a linear
way. Relationships between BMI and cognitive test scores
have already been shown in a few previous studies such as
the Framingham Study."

In our study, we found that dyslipidemia contributed
significantly to decrease in cognitive functions. The prevalence
of dyslipidemia in TIDM was found to be >50% in large
population-based studies.?'3! Cognitive function has been
reported to be significantly poorer in people with T2DM who
have elevated levels of plasma TG?**! and in those with higher
cholesterol levels,?* but neither of these observations have
been confirmed. TG, LDL, and VLDL levels had the weakly
negative correlation with cognitive functions; whereas, HDL
did not show the positive correlation with cognitive functions.
The hyperglycemia may be a confounding factor for TG.

The mean hs-CRP and ESR were higher in patients with MCI
and hs-CRP showed a negative correlation (» = —0.376) with
MoCA scores. Inflammatory mediators may have a role in the
accelerated development of cognitive impairment in individuals
with DM either by a direct effect on the brain or through an
influence on the development of vascular disease.** Two large
cross-sectional studies (Edinburg study and GDMD study) has
shown a significant association between chronic inflammation
and MCI in T2DM.P¢37 This association has not been derived
in TIDM, so further studies are required to confirm this
association.

On comparing the components of MoCA test with the
metabolic profile of the TIDM patients with MCI we found
that delayed recall/memory, attention, visuospatial/executive
function, and language were significantly affected. In a similar
study done by Kumar et al., significant parameters affected
were attention, followed by the delayed recall, naming, and
abstraction.!'® The DCCT/EDIC study which was carried out
in T1DM patients reported that motor speed and psychomotor
efficiency were reduced more in patients with poor glycemic
and metabolic control.?%*"!

There were few limitations in our study. It was conducted on
a small sample size, which may not be a true representative
of the whole population. Baseline cognitive functions were
not available. All the participants were from the same health
center and a selection bias could not be excluded.

ConcLusioN

Cognitive impairment is seen in early stages of TIDM. Poor
glycemic control and associated metabolic derangements
in TIDM are associated with cognitive impairment. The
management of metabolic derangements from the early stage
of diabetes may prevent the cognitive impairment and the
risk of dementia. Individuals with T1DM should be screened
for cognitive impairment along with other known macro- and
microvascular complications of diabetes.
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