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Association of Blood Pressure with Mild Cognitive Impairment in
Patients with Type 2 Diabetes Mellitus: A Multicenter Cross-Sectional
Study

Ameena Nasir,' M. Suliman Sajid,” M. Adil Abid,’ M. Haris,* Muhammad Auns,’ Shazia Sukhera®

ABSTRACT
BACKGROUND & OBJECTIVE: Type 2 diabetes mellitus (T2DM) and hypertension frequently coexist and independently
elevate the risk of cognitive decline. Although blood pressure (BP) dysregulation is hypothesized to accelerate
neurovascular damage, its independent association with mild cognitive impairment (MCl) among individuals with T2DM
remains insufficiently characterized in real-world multicenter cohorts.
METHODOLOGY: This multicenter cross-sectional study evaluated 489 adult patients with T2DM recruited from
tertiary outpatient clinics. Cognitive performance was measured using the Montreal Cognitive Assessment (MoCA,
including MoCA-Basic for low-literacy participants), with MCI defined as a score < 26. Resting blood pressure was
measured using standardized protocols. Statistical analyses included Pearson and Spearman correlations, multiple
linear and binary logistic regression, independent samples t-tests, ROC analyses, and age-stratified subgroup
assessments.
RESULTS: Overall, 79.8% (n = 390) of the participants met the criteria for MCI, with a sample MoCA score of 21.40 +
5.35. In multivariable models, cognitive performance was independently predicted by:

Education: Higher formal education was protective and associated with higher MoCA scores (B = 0.70, p <

0.001; aOR =0.93, 95% Cl: 0.86-1.00).

Age: Advancing age independently increased the odds of impairment (B = -0.08, p < 0.001; OR =1.03, 95% Cl:

1.00-1.05).

Sex: Female sex was associated with lower cognitive scores and elevated MCl risk (B =-1.71, p < 0.001; OR =

2.02,95%Cl: 1.21-3.37).
In contrast, systolic BP, diastolic BP, pulse pressure, and hypertension status showed no significant independent
associations with cognitive scores or MCI risk after multivariable adjustment (all p > 0.05). Blood pressure
parameters demonstrated negligible discriminative accuracy for MCI (AUC range: 0.52-0.53), and MoCA scores did
not significantly differ between normotensive and hypertensive patients (21.64 vs. 20.94, p = 0.175).
CONCLUSION: Mild cognitive impairment affects nearly four in five diabetic patients in this population. Poorer
cognitive performance is primarily driven by demographic and socioeconomic determinants—specifically older age,
female sex, and limited education—rather than clinic blood pressure indices. These findings highlight the critical need
for routine cognitive screening protocols tailored to high-risk demographic profiles within diabetes management
pathways.
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Decline, Cross-Sectional Study
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INTRODUCTION

Type 2 diabetes mellitus (T2DM) and hypertension are
among the most prevalent non-communicable diseases of
the 21st century, affecting hundreds of millions of people
worldwide. These conditions frequently coexist, with

diabetic brain is vulnerable to pathological processes such
as chronic hyperglycemia, insulin resistance, oxidative
stress, neuroinflammation and cerebrovascular disease,
all of which may impair neuronal function and synaptic
plasticity.”® Mild cognitive impairment (MCI) is

hypertension reported in more than 50% of patients with
T2DM, thereby increasing their susceptibility to
cardiovascular, renal and neurological complications.!
Diabetes is associated with numerous complications,
among which cognitive decline is often overlooked. The
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characterized by cognitive decline exceeding that
expected with normal ageing but not severe enough to
substantially interfere with activities of daily living. It has
therefore emerged as an important clinical outcome in
T2DM and a potential prodromal stage of dementia.*

Blood-pressure dysregulation is a characteristic
feature of coexisting T2DM and hypertension and may
contribute to neurovascular damage through increased
arterial stiffness, impaired cerebral blood-flow auto
regulation, white-matter hyper intensities and lacunar
infarctions.”” Elevated systolic and diastolic blood
pressure have independently been associated with
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cognitive dysfunction in middle-aged and older
populations.”” However, the relationship between
metabolic and vascular abnormalities and cognitive
impairment among patients with T2DM remains
insufficiently investigated, particularly in multicenter
settings that capture real-world clinical variability.

The Montreal Cognitive Assessment (MoCA)is a
brief and validated screening instrument with good
sensitivity and specificity for detecting MCI across
various clinical settings."" Its use provides a standardized
cognitive outcome measure and facilitates comparisons
across participants, studies and research sites.

To address these gaps, this multicenter cross-
sectional study was designed to evaluate the association
between blood-pressure parameters and MCI among
patients with T2DM. The relationship was examined
using correlation analysis, multiple linear regression,
multivariable logistic regression, independent-samples
*t* tests and age-stratified subgroup analyses. The specific
objectives of this study were:

1. To describe the distribution of MoCA scores,
systolic BP, and diastolic BP in the study sample.

2. To determine the direction and magnitude of
Pearson correlations between systolic BP,
diastolic BB, and MoCA scores.

3. To identify independent predictors of MoCA
scores through multiple linear regression
analysis.

4. Tocompare MoCA scores between normotensive
and hypertensive T2DM patients using an
independent samples t-test.

5. To explore age-group differences (<50 years vs.
>50 years) in the relationship between BP and
cognitive performance.

To assess the diagnostic accuracy of systolic BP in
classifying MCI status using ROC curve analysis.

METHODOLOGY

This observational, multicentre cross-sectional study
was conducted in the diabetes and endocrinology
outpatient clinics of two tertiary-care hospitals. Ethical
approval was obtained from the relevant authorities at
Mayo Hospital and Farooq Hospital, and the study was
conducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all
participants before enrolment.

Participants were recruited through non-
probability convenience sampling. All eligible patients
with type 2 diabetes mellitus (T2DM) attending the
outpatient clinics during the data-collection period were
consecutively approached until the required sample size
was achieved. The minimum sample size was calculated
using the WHO formula for cross-sectional studies:
n=frac{Z"2P(1-P)}{d"2}

where (Z=1.96) for a 95% confidence level,
(P=30.4%), representing the expected prevalence of mild
cognitive impairment among patients with T2DM, and
(d=6%), representing the margin of error.!? The calculated
minimum sample size was 226 participants.

To account for potential non-response and
missing data and to provide sufficient statistical power for
age-, sex- and centre-stratified analyses, the sample size
was deliberately increased. A total of 489 participants were
enrolled, representing an approximately 116% increase
over the minimum requirement. This larger sample
improved the precision of prevalence estimates, stability
of regression models and reliability of subgroup
comparisons.

The inclusion criteria were age 218 years,
diagnosis of T2DM for at least three years, willingness to
participate and ability to undergo cognitive assessment.
Patients with previously diagnosed dementia, severe
psychiatric illness, active neurological disease, recent
acute illness, inability to cooperate with MoCA
administration, use of medications known to impair
cognition or current night-shift employment were
excluded.

Before blood-pressure measurement, each
participant rested in a seated position for five minutes.
Blood pressure was measured using a standardized
digital sphygmomanometer, with the participant's feet
flat on the floor and the arm supported at heart level. Two
readings were obtained five minutes apart and averaged
for analysis, in accordance with standard blood-pressure
measurement recommendations.’® For the primary
analysis, participants were classified as normotensive
when systolic blood pressure (SBP) was <140 mmHg and
hypertensive when SBP was >140 mmHg, according to the
JNC 7 threshold.’® For descriptive analysis, SBP was
further categorized as normal (<120 mmHg), elevated
(120-129 mmHg), stage 1 hypertension (130-139 mmHg)
or stage 2 hypertension (2140 mmHg), consistent with the
2017 ACC/AHA classification.™

Cognitive function was assessed using the
Montreal Cognitive Assessment (MoCA), a validated 30-
point screening instrument used to evaluate multiple
cognitive domains.’®> A score of <26 was considered
indicative of possible MCI according to the conventional
MoCA threshold. The assessment was administered by
trained research staff using a standardized protocol across
both study sites to minimize inter-rater variability.

For participants who were illiterate or had no
formal education, the MoCA-Basic was used because it
was specifically developed for individuals with limited
education and minimizes dependence on reading and
writing while retaining assessment of core cognitive
domains.’® As a validated Urdu version of the MoCA-
Basic was unavailable during the study, the instrument
was translated into Urdu by a bilingual clinical expert,
with attention to conceptual and linguistic equivalence.
This locally translated version was administered
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consistently by trained personnel at both sites.
Nevertheless, the absence of formal linguistic validation
should be acknowledged as a potential source of
measurement bias.

In the study dataset, SBP values were recorded in
discrete increments of 110, 120, 130 and 140 mmHg.
Participants with SBP of 140 mmHg were classified as
hypertensive, whereas those with SBP <140 mmHg were
classified as normotensive for the primary analysis.'3

All statistical analyses were performed using R
software (version 4.3.1; R Core Team, Vienna, Austria,
2023) (17). Descriptive statistics were computed for all
continuous variables and reported as mean, standard
deviation, median, interquartile range, and range.
Categorical variables were summarized as frequencies
and percentages. The prevalence of mild cognitive
impairment (MCI) was defined using a standard MoCA
cut-off score of less than 26.

Bivariate associations between blood pressure
parameters and MoCA scores were examined using
Pearson correlation coefficients, with Spearman rank
correlations computed in parallel as a non-parametric
check. Differences in continuous variables between
participants with and without MCI were assessed using
independent samples Welch t-tests, with Mann-Whitney
U tests performed as sensitivity analyses. Chi-square tests
were used to examine associations between categorical
variables and MCl status.

Multiple linear regression was performed to
identify independent predictors of MoCA scores, with
age, sex, years of education, systolic blood pressure, and
pulse pressure entered as predictors. Binary logistic
regression was conducted to determine adjusted odds
ratios for MCI, reported with 95% confidence intervals.
Statistical significance was set at p < 0.05 for all analyses.
Receiver operating characteristic (ROC) curve analysis
was conducted to calculate the area under the curve
(AUC) and evaluate the discriminatory accuracy of
individual predictors and multivariable models for
identifying MCI. The assumption of equal variances for
independent samples t-tests was verified using Levene's
test, and Cohen's d was calculated to report the
standardized effect sizes for group differences.
Additionally, a formal interaction term was tested to
determine whether age strata modified the association
between hypertension status and cognitive performance.

RESULTS

A total of 489 participants were included in the
analysis, with complete data on every variable. The mean
age was 49.41 years (SD 10.91), and ages ranged from 22 to
79 years. The sample was split fairly evenly by sex, with
258 (52.8%) women and 231 (47.2%) men. Formal
schooling was limited on the whole. Participants had
completed a mean of 5.6 years of education (SD 3.48), and
half had 7 years or fewer. Table I sets out the full profile of
the sample. Table II shows the frequency distribution of
categorical variables.

Table I: Descriptive statistics for the continuous study variables

. Median
Variable |Mean (SD) Range
[IQR]
Age 49.41 50 [42 to
22to 79
(years) (10.91) 56]
MoCA 23 [18 to
21.4 (5.35) 6 to 30
score 25]
Education
5.6 (348) | 7[1to8§] 1to 11
(years)
SBP 127.61 |125[115to
105 to 160
(mmHg) (13.51) 135]
DBP 80 [75 to
80.89 (8.26) 65 to 100
(mmHg) 85]

Table II: Frequency distribution of the categorical variables.
Blood pressure category and hypertension status
describe the same participants under two groupings

Characteristic n % of sample
Women 258 52.80%
Men 231 47.20%
MCI present (MoCA <26) | 390 79.80%
No MCI 99 20.20%
Normal BP 111 22.70%
Elevated BP 63 12.90%
Stage 1 hypertension 148 30.30%
Stage 2 hypertension 167 34.20%
Normotensive 322 65.80%
Hypertensive 167 34.20%
Aged under 50 239 48.90%
Aged 50 or over 250 51.10%

MoCA scores averaged 21.4 (SD 5.35) and spanned

almost the full range of the instrument, from 6 to 30. The
distribution leaned toward the lower end of the scale
(Figure 1). Applying the standard cut point of 26, 390
(79.8%) participants screened positive for mild cognitive
impairment, so close to four in five people in this sample
fell below the threshold. Impairment was therefore the
norm rather than the exception, which shapes how the rest
of the results should be read. Figure 1 shows distribution
of MoCAsscores.

Education showed the clearest relationship with
cognition. Years of schooling correlated positively and
moderately with the MoCA score (r = 0.54, p < 0.001), so
people with more education tended to score higher
(Figure 2). Age worked in the opposite direction, with a
weaker but still clear negative correlation (r = -0.19, p <
0.001): older participants scored a little lower on average.
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The blood pressure measures told a different story.
Systolic pressure, diastolic pressure and pulse pressure
each showed a negligible, non-significant correlation with
the MoCA score (all Ir| <0.09, all p>0.05). Table III reports
every coefficient, alongside the Spearman values, which
point to the same conclusions

MCI cutoff (MoCA<26)
Mean = 21.4

60

a1
S

'S
()

[}
=}

[N
S

Number of Participants

—
o

5 10 15 20 25 30
MoCA Score

Figure 1: Distribution of MoCA scores across the sample,
with the MCI cut point and the sample mean marked.

Table III: Correlation of each continuous variable

Table IV: Comparison of continuous variables between
participants with and without MCI. The p value column shows
the Welch t test and the Mann-Whitney test, in that order.

. MCI, mean No M(],
Variable p value
(SD) mean (SD)
Age (years) 49.91 (10.99) |47.44(10.41) | 0.039/0.083
Education (years) | 5.33(3.44) 6.68 (3.42) [<0.001/<0.001
SBP (mmHg) | 127.85(13.45) | 126.67 (13.76)| 0.445/0.285
DBP (mmHg) 81.01(8.28) | 80.40(8.20) | 0.511/0.585
Pulse pressure 46.83 (10.22) | 46.26 (9.43) | 0.598 /0.588

with the MoCA score
Variable Pearson r| Spearman rho | p value
Education 0.535 0.478 <0.001
Age -0.193 -0.229 <0.001
SBP -0.029 -0.067 0.521
DBP -0.082 -0.054 0.071
Pulse pressure |  0.028 -0.011 0.539
MoCA score versus years of education
1 r=o0ss, p < 0.001 .- 3 : - -
R T -5
2 0l = ¢ = . I
s | 5. - ¥ %
S5 = » =
o] B
5 [
2 4 6 8 10

Education (years)

Figure 2: MoCA score plotted against years of education,
with the fitted line. Points are lightly jittered on the
horizontal axis to reduce overlap.

Splitting the sample by MCl status reinforced the same
pattern. Participants with MCI had completed fewer years
of education than those without (mean 5.33 versus 6.68
years, p < 0.001). They were also somewhat older (mean
49.91 versus 47.44 years, p = 0.039 by t test, p = 0.083 by
Mann-Whitney). Blood pressure did not separate the two
groups. Systolic pressure, diastolic pressure and pulse
pressure were all but identical whether or not a person
was impaired (all p > 0.28). Table IV gives the full
comparison, and Figure 3 shows the education gap
directly.

Education by MCI Status (p < 0.001)

10

Education (years)
N

No MCI MCI

Figure 3: Years of education in the groups with and
without MCL

Sex was linked to impairment. MCI was more common
among women than men, and the difference was clear on
the chi-square test (chi-square =11.03, p <0.001; Figure 4).
Blood pressure category showed a weaker signal that just
cleared the conventional threshold (chi-square =7.94, p =
0.047), though the gradient across the four categories was
not orderly (Figure 5). Neither hypertension status as
coded here (p = 0.134) nor age group (p = 0.483) was
associated with MCI onits own.

100 MCI Prevalence by sex (p < 0.001)

86%
80

60

40

MCI Prevalence (%)

20

Male

Female

Figure 4: MCI prevalence in men and women.

A multiple linear regression tested whether these
relationships held once the variables were considered
together. The model regressed the MoCA score on age, sex,
education, systolic pressure and pulse pressure. It
explained about a third of the variation in cognitive score
(R-squared = 0.329, adjusted R-squared = 0.322) and was
highly significant overall (F = 47.4, p < 0.001). Three
predictors carried the model. Each additional year of
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education raised the MoCA score by 0.70 points (p <0.001).
Women scored 1.71 points lower than men on average (p
<0.001), and each additional year of age lowered the score
by 0.083 points (p < 0.001). Neither systolic pressure (p =
0.108) nor pulse pressure (p = 0.614) contributed once the
other factors were in place. Table V reports the full model.

100 MCI Prevalence across blood pressure categories (p = 0.047)

83% 84%

30 78%

60

40

MCI Prevalence (%)

20

Normal Elevated Stage 1 HTN Stage 2 HTN

Figure 5: MCI prevalence across the four blood pressure
categories.

Table V: Multiple linear regression predicting the
MoCA score. Reference category for sex is male.

Predictor B SE P 95% CI
21.89 to
Intercept | 26.694 | 2.447 | <0.001
31.50
Age -0.12 to -
-0.083 | 0.019 [ <0.001
(years) 0.05
Female -2.59 to -
-1.707 | 0.452 (< 0.001
sex 0.82
Education
0.698 | 0.064 |<0.001]0.57 to 0.82
(years)
SBP -0.09 to
-0.039 | 0.024 | 0.108
(mmHg) 0.01
Pulse -0.05 to
0.017 | 0.033 | 0.614
pressure 0.08

Alogistic regression looked at the same question from
the other side, modelling the odds of screening positive for
MCI from age, sex, education, hypertension status and
pulse pressure. The model was significant overall
(likelihood ratio p < 0.001). Older age raised the odds of
impairment slightly, by about 2.5 percent per year (OR
1.03, 95% CI 1.00 to 1.05, p = 0.028). Women had roughly
double the odds of men (OR 2.02, 95% CI 1.21 to 3.37, p =
0.007). Education was protective, with each additional
year trimming the odds by about 7.2 percent (OR 0.93, 95%
CI0.86 to 1.000, p = 0.049). Hypertension status (p =0.179)
and pulse pressure (p=0.741) were not associated with the
odds of MCI. Table VI and Figure 6 present the adjusted
oddsratios.

Table VI: Multivariable logistic regression for the odds of MCL
Reference categories are male sex and normotensive status.

Predictor Odds ratio 95% Cl1 P
Age (years) 1.03 1.00to 1.05 [ 0.03
Female sex 2.02 1.21t03.37 | 0.01
Education (years) 0.93 0.86 to 1.00 [ 0.05
Hypertension 1.48 0.83to2.64| 0.18
Pulse pressure 1 0.98 t0 1.03 | 0.74
Adjusted odds Ration for MCI
Age (Per Year) o
Female Sex hd
Education (Per Year) -—0—-
Hypertension ®
Pulse Pressure (Per mmHg) &

° 3 x10°

2 x 100
0Odds Ratio (95% Cl), log scale

Figure 6: Adjusted odds ratios for MCI with 95 percent
confidence intervals, on alog scale. The dashed line marks
an oddsratio of one.

Taken together, the picture is consistent across every
test. Cognitive performance in this sample was driven by
education, age and sex, not by blood pressure. Low
education and older age went with poorer scores, women
were more likely to screen positive than men, and none of
the blood pressure measures held any independent
relationship with cognition once those three factors were
accounted for.

Receiver operating characteristic analysis asked
how well each measure, on its own, separates the
participants who screened positive for MCI from those
who did not. The area under the curve (AUC) sums this
up: 0.5 means no better than a coin toss, 1.0 means perfect
separation. None of the measures came close to strong
discrimination. Education did best but was still weak,
with an AUC of 0.61 (95% CI 0.54 to 0.67). The blood
pressure measures were essentially uninformative:
systolic pressure reached only 0.53 (95% CI 0.47 to 0.60),
diastolic pressure 0.52, and pulse pressure 0.52, each with
a confidence interval that crosses 0.5. Age landed in
between at 0.56. Figure 7 shows the curves. Table VII
shows AUC with 95% CI.

Table VII: AUC with 95 percent confidence interval for each
single predictor of MCI, plus the sensitivity and specificity
at the Youden optimal cut point.

Measure AUC 95% CI Sens. | Spec.
Education 0.606 | 0.54t00.67 | 049 | 0.72
Age 0.556 | 049t00.62 | 0.36 | 0.76

SBP 0.535 | 0.47t00.60 | 0.49 | 0.69

DBP 0.517 | 046t00.58 | 04 [ 0.66
Pulse pressure | 0.517 | 0.45t00.58 | 0.32 | 0.77
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ROC curves: single predictors of MCI

1.04

0.8 1

0.6

0.4

Sensitivity (true positive rate)

Education: AUC 0.61 [0.54-0.67]
Age: AUC 0.56 [0.49-0.62]

SBP: AUC 0.53 [0.47-0.60]

DBP: AUC 0.52 [0.46-0.58]

PP: AUC 0.52 [0.45-0.58]

0.24

LI

0.04

02 0.4 0.6 0.8 1.0
1 - Specificity (false positive rate)

Figure 7: ROC curves for single predictors of MCL

Combining age, sex, education, hypertension status
and pulse pressure in one logistic model lifted
discrimination to an AUC of 0.66 (95% CI 0.59 to 0.72),
which counts as fair but not clinically useful (Figure 8).
The gain over education alone is modest, and it comes
almost entirely from age, sex and education rather than
fromblood pressure.

ROC: full model versus education alone

1.0
0.8 -
»06
=
3
ko
c
(7]
¥ 0.4 A
0.2 -
= Full model: AUC 0.66 [0.59-0.72]
0.0 = Education: AUC 0.61 [0.54-0.67]
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 8: ROC for the full multivariable model against
education alone.

An independent samples t test compared the MoCA
score between the two blood pressure groups.
Normotensive participants scored 21.64 on average (SD
5.31, n=322) and hypertensive participants 20.94 (SD 5.42,
n=167). The gap of 0.70 points was small and did not reach
significance (t=1.36, p = 0.175; 95% CI for the difference -
0.31 to 1.71). Levene's test gave no sign of unequal
variances (p = 0.91), and the non- parametric Mann-
Whitney test agreed (p = 0.257). The effect size was
negligible (Cohen's d = 0.13). In plain terms, hypertensive

patients scored a fraction of a point lower, well within
what chance would produce. Figure 9 shows the two
distributions. Table VIII shows comparison of MoCA
scores between both groups.

MoCA by Hypertension Status (p = 0.18)

30

25

S}
(=}

MoCA Score

—_
a1

10

&> mean

Hypertensive
(n=167)

Normotensive
(n=322)

Figure 9: MoCA score by hypertension status. Diamonds
mark the group means.

Table VIII: MoCA score compared between normotensive
and hypertensive participants.

Statistic Normotensive | Hypertensive
n 322 167
Mean (SD) 21.64 (5.31) | 20.94 (5.42)
Median 23 23

Mean difference | 0.70 (95% CI-0.31 to 1.71)

t test t=1.36, p=0.175
Mann-Whitney p=0.257
Cohen's d 0.13

Splitting the sample at age 50 brought out the one clear
pattern in these data, which is the pull of age itself. The
younger group scored noticeably higher on the MoCA
than the older group (22.7 versus 20.2), yet MCI was
common in both, affecting 78 percent of the under-50s and
81 percent of those 50 and over. Blood pressure, again,
made little difference inside either age band.

Among the under-50s, normotensive
participants scored 23.0 and hypertensive participants
22.0, a difference that was not significant (p = 0.155).
Among those 50 and over the two groups were almost
identical (20.3 versus 20.0, p = 0.731). A formal test for
interaction confirmed that age group does not change the
(absent) effect of hypertension on MoCA (interaction p =
0.479). Figures 10 and 11 show the scores and the
impairment rates side by side. Table IX shows Age
subgroup comparisons.

J Allam Igbal Med Coll Vol. 24 No. 03  https://jaimc.org/ | 55



Table IX: Age subgroup comparison. Correlations are Pearson coefficients within each stratum.

Ameena Nasir et al

Measure Under 50 (n = 239) 50 and over (n = 250) P
MoCA, mean (SD) 22.70 (4.58) 20.16 (5.74) <0.001
MCI, n (%) 187 (78.2%) 203 (81.2%) 0.48
SBP, mean (SD) 127.4 (14.3) 127.8 (12.7)
Pulse pressure, mean (SD) 46.0 (9.9) 47.4 (10.1)
MoCA, normotensive 23.01 (n=162) 20.26 (n=160)
MoCA, hypertensive 22.05 (n=77) 20.00 (n=90)
Normo vs HTN, p 0.155 0.731
MoCA ~ SBP, r -0.117 (p=0.07) 0.053 (p=0.41)
MoCA ~ pulse pressure, r -0.124 (p=0.06) 0.174 (p=0.006)
MoCA ~ education, r 0.422 0.6

MoCA by Hypertension Status within age groups

mmm Normotensive
251 23.0 mmm Hypertensive
20.0
@ 20
[=]
s}
[
3 15-
[=]
=
H
S 104
=3
5
0-

Under 50

50 and Over

Figure 10: Mean MoCA by hypertension status within
each age group. Errorbars are standard errors.

100 MCI Prevalence by Age Group and Hypertension Status

B Normotensive
s Hypertensive o
82% 86%

D o}
[=} [=}
1 1

MCI Prevalence (%)
>
o

20

Under 50

50 and Over

Figure 11: MCI prevalence by age group and hypertension
status.

One detail is worth a cautious mention. In the older
group, pulse pressure showed a weak positive correlation
with the MoCA score (r =0.17, p = 0.006), the opposite of
what a vascular-damage account would predict. The
coefficient is small and this is one of several exploratory
tests, soitis best treated as a curiosity to revisit rather than
a finding to lean on. Education stayed the strongest

correlate of cognition in both age bands, and its pull was
even stronger in the older group (r=0.60).

The three analyses point the same way. Blood
pressure does not discriminate against cognitive
impairment (all AUCs near 0.5), MoCA does not differ
between normotensive and hypertensive patients (p =
0.18), and neither pattern shifts when the sample is split by
age. Age and education remain the variables that matter
for cognition in this dataset.

DISCUSSION

This multicentre cross-sectional study found that
blood pressure was not significantly associated with
cognitive function in patients with Type 2 Diabetes
Mellitus (T2DM) after adjustment for age, sex, and
education.™” Instead, older age, female sex, and lower
educational attainment were the principal predictors of
cognitive impairment. The high proportion of participants
screening positive for Mild Cognitive Impairment (MCI)
highlights its substantial burden in this population.”*

Overall, 79.8% of participants scored below the
MoCA cut-off for MCI, exceeding rates reported
previously. Differences in population characteristics,
education, diabetes duration, and assessment methods
may explain this variation. Nevertheless, our results
support evidence that cognitive dysfunction is a common
and clinically important complication of T2DM.?2 The low
mean educational attainment of 5.6 years may have
contributed to this high prevalence.

Education was among the strongest predictors of
cognition: additional years of formal education were
associated with higher MoCA scores and lower odds of
MCI. This protective relationship has also been observed
in socioeconomically disadvantaged populations.”*
These findings support the cognitive reserve hypothesis,
according to which education strengthens the brain's
ability to tolerate age- and disease-related changes before
clinical impairment becomes apparent.” Consequently,
individuals with greater educational exposure may retain
better cognitive function despite comparable underlying
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pathology.”* Incorporating health-literacy interventions
and cognitively stimulating activities into diabetes care
may therefore help preserve cognitive function.

Advancing age was independently associated
with higher odds of MCI and lower MoCA scores. Aging-
related neuronal loss, vascular alterations, and reduced
neuroplasticity may be accelerated by chronic diabetes.””
This agrees with previous studies identifying age as a
major predictor of cognitive impairment in diabetes.3!
Hyperglycaemia may further accelerate neurodeg-
eneration through advanced glycation end-product
accumulation, oxidative stress, polyol pathway activation,
and mitochondrial dysfunction.

Female participants had lower cognitive scores
and higher odds of MCI. Postmenopausal hormonal
changes, vascular-risk differences, and unequal
educational opportunities may contribute to this
association.™ Although sex-related differences have been
reported previously, findings remain inconsistent across
populations.3* In our population, lower educational
attainment among women may have reduced cognitive
reserve, suggesting that social factors may be as important
asbiological mechanisms.

Contrary to our hypothesis, systolic blood
pressure, diastolic blood pressure, pulse pressure, and
hypertension status were not independently associated
with cognition.™ Correlations with MoCA scores were
weak, and blood pressure remained non-significant in
adjusted linear and logistic regression models.37-4
Normotensive and hypertensive participants also had
identical median MoCA scores, a non-significant
difference, and anegligible effect size (Cohen's d =0.13).

ROC analysis further showed that systolic blood
pressure, diastolic blood pressure, and pulse pressure had
little ability to identify MCI, with AUC values of
approximately 0.52. Education was the strongest
individual predictor (AUC =0.61), while the multivariable
model achieved an AUC of 0.66, mainly because of age,
sex, and education. Thus, blood pressure alone should not
be used as a proxy for cognitive-risk screening in patients
with T2DM.

The absence of an association may reflect the
multifactorial nature of diabetes-related cognitive
impairment, which involves hyperglycaemia, insulin
resistance, oxidative stress, inflammation, and
microvascular injury.”** Moreover, a single clinic blood
pressure measurement may not adequately represent
long-term vascular exposure.®> Blood pressure was
measured at one visit according to JNC 7
recommendations.’® Cumulative blood pressure
exposure, ambulatory measurements, and visit-to-visit
variability may be more closely associated with cognitive
decline than a single measurement.* The influence of
blood pressure may also have been overshadowed by
stronger predictors, particularly age and education.”*

The absence of HbAlc measurements was an
additional limitation because chronic hyperglycaemia

may contribute substantially to neurovascular injury.
Future longitudinal studies should incorporate HbAlc,
HOMA-IR, lipid profiles, ambulatory blood pressure, and
repeated blood pressure measurements to clarify the
respective contributions of metabolicand vascular factors.

MCI remained highly prevalent in both age
groups, affecting 78% of participants younger than 50
years and 81% of those aged 50 years or older. Education
correlated more strongly with MoCA scores in older
participants (r = 0.60) than in younger participants (r =
0.42), supporting the protective role of cognitive reserve.
The weak positive correlation between pulse pressure and
MoCA scores in older participants (r = 0.17) was
counterintuitive and may represent a chance finding.
Overall, demographic and educational factors appeared
to influence cognition more strongly than blood pressure
in this population.

STRENGTHS AND LIMITATIONS

This study has several strengths. It had a relatively
large number of participants from multiple centers, thus
improving the generalizability of the results. The
validated MoCA instrument was used to assess cognitive
function and several additional statistical techniques were
used to explore the association between blood pressure
and cognition. The consistency in results obtained from
the correlation analysis, regression models, and group
comparisons helps to boost confidence in overall results.

This study has a few drawbacks. First, its cross-
sectional design does not allow conclusions about cause
and effect. Blood pressure was measured on a single visit
following a standardized protocol in accordance with JNC
7 guidelines which may not fully capture long-term blood
pressure variability or cumulative vascular exposure.
Future studies should consider ambulatory or repeated
blood pressure monitoring to better characterize the
relationship between chronic blood pressure burden and
cognitive decline in patients with Type 2 Diabetes
Mellitus. Third, information on diabetes duration,
glycemic control, medication use, and other vascular risk
factors was not included in the analysis. These factors may
also influence cognitive function. Fourth, cognitive
assessment relied on the MoCA, which is a screening tool
and not a comprehensive neuropsychological evaluation.
Finally, although participants were recruited from
multiple centers, the findings may not be fully generalized
to all populations with Type 2 Diabetes Mellitus. The
MoCA-Basic has not been formally validated in Urdu;
therefore, an expert-translated version was used for
illiterate participants. Additionally, convenience
sampling was employed, which may limit the
representativeness of the findings to the broader
population of patients with Type 2 Diabetes Mellitus.
From a clinical standpoint, these results advocate for
integrating routine cognitive screening into diabetes care
pathways, particularly for older patients, women, and
those with limited formal education. The MoCA provides
a practical and validated tool for this purpose. Given the
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high MCI burden observed — nearly four in five patients
— a single negative screen is insufficient; longitudinal
monitoring across clinic visits would be more appropriate.
Referral pathways to neuropsychology, social support,
and caregiver education should be established in diabetes
clinics managing high-risk profiles.

CONCLUSION

Mild cognitive impairment was highly prevalent
among patients with Type 2 Diabetes Mellitus in this
multicenter study. Older age, female sex, and lower
educational level were independently associated with
poorer cognitive performance. In contrast, blood pressure
measurements and hypertension status were not
independent predictors of cognitive impairment after
adjustment for important confounding factors. These
findings suggest that routine cognitive screening should
receive greater attention in patients with diabetes,
particularly among individuals with advanced age and
lower educational attainment. Future prospective studies
should evaluate the combined effects of long-term blood
pressure exposure, metabolic control, and other vascular
risk factors on cognitive decline.

Ethical approval:

Ethical approval was taken from institutional
review board of both Akhtar saeed Medical & Dental
college and King Edward Medical University with the IRB
number M-22/90/-Physiology, Dated 25-08-2022 and IRB
number 193/RC/KEMU, Dated 21-03-2024 respectively.

Conflict of Interest:

Authors declare no conflict of interest.
Financial Disclosure:

None

REFERENCES

1. YouY, Liu Z, ChenY, Xu Y, Qin J, Guo S. The prevalence of
mild cognitive impairment in patients with type 2 diabetes
mellitus: a systematic review and meta-analysis. Acta
Diabetol. 2021;58(6):671-685. doi:10.1007/s00592-020-01648-
9.

2. ZhaoY,WangH, Tang G, Wang L, Tian X, Li R. Risk factors for
mild cognitive impairment in type 2 diabetes: a systematic
review and meta-analysis. Front Endocrinol (Lausanne).
2025;16:1617248. doi:10.3389/fend0.2025.1617248.

3. Mao S, Wang Y. Risk factors for cognitive decline in adults
with type 2 diabetes mellitus: a systematic review and meta-
analysis. Mol Cell Biochem. 2025;480(9):4961-4972.
do0i:10.1007/s11010-025-05306-y.

4. Yu X, He H, Wen ], Xu X, Ruan Z, Hu R. Diabetes-related
cognitive impairment: mechanisms, symptoms, and
treatments. Open Med (Wars). 2025;20(1):20241091.
doi:10.1515/med-2024-1091.

5. Aderinto N, Olatunji G, Abdulbasit M, Edun M, Aboderin G,
Egbunu E. The impact of diabetes on cognitive impairment: a
review of current evidence and prospects for future
investigations. Medicine (Baltimore). 2023;102(43):e35557.
doi:10.1097/MD.0000000000035557.

6.

10.

11.

12.

13.

14.

15.

16.

Milstein JL, Ferris HA. The brain as an insulin-sensitive
metabolic organ. Mol Metab. 2021;52:101234.
doi:10.1016/j.molmet.2021.101234.

Dove A, Shang Y, Xu W, Grande G, Laukka EJ, Fratiglioni L, et
al. The impact of diabetes on cognitive impairment and its
progression to dementia. Alzheimers Dement.
2021;17(11):1769-1778. d0i:10.1002/alz.12482.

Barbiellini Amidei C, Fayosse A, Dumurgier ], Machado-
Fragua MD, Tabak AG, van Sloten T. Association between age
at diabetes onset and subsequent risk of dementia. JAMA.
2021;325(16):1640-1649. d0i:10.1001/-jama.2021.4001.

Gao R, Zhan M, Ke S, Wu K, He G, Qi L. Potential risk factors
for mild cognitive impairment among patients with type 2
diabetes experiencing hypoglycemia. Diabetes Res Clin
Pract. 2024;207:111036. d0i:10.1016/j.diabres.-2023.111036.

Li YS, Li JB, Wang JJ, Wang XH, Jiang WR, Qiu HN. Risk
factors for cognitive impairment in middle-aged patients
with type 2 diabetes: a cross-sectional study. BMJ Open.
2024;14:e074753. d0i:10.1136/bmjopen-2023-074753.

Zhang H, Farooqui HEM, Zhu W, Niu T, Zhang Z, Zhang H.
Impact of insulin resistance on mild cognitive impairment in
patients with type 2 diabetes mellitus and non-alcoholic fatty
liver disease. Diabetol Metab Syndr. 2023;15:229.
doi:10.1186/513098-023-01211-w.

Ma F, Zhang Q, Shi J, Li S, Wu L, Zhang H. Risk factors for
cognitive dysfunction and glycemic management in older
adults with type 2 diabetes mellitus: a retrospective study.
BMC Endocr Disord. 2023;23:220. doi:10.1186/s12902-023-
01476-2.

Jiang Y, Liu X, Gao H, Yan J, Cao Y. A new nomogram model
for the individualized prediction of mild cognitive
impairment in elderly patients with type 2 diabetes mellitus.
Front Endocrinol (Lausanne). 2024;15:1307837.
doi:10.3389/fend0.2024.1307837.

Ma L, Yuan YX, Cheng FJ, Liu Y, Wei Q, Peng YF. Association
between blood lipids and cognitive impairment in type 2
diabetes mellitus. Eur ] Med Res. 2024;29(1):1.
d0i:10.1186/s40001-023-01574-w.

moca test in urdu - Google Search[Internet]. [cited 2026 Aug
25]. Available from: https://www.google.com/-
search?q=moca+test+inturdudsca_esv=a9d440f4a026b81dé&
udm=2&biw=1280&bih=631&sxsrf=APpeQnsdr5OW1KmZh
pOUQBL5GOMrZzLt_Q%3A1787654683694&ei=G3KNatf_
KbXY7M8P5Y0d4Q4&ved=0ahUKEwiX-
ZvTzZLuWAxU1LPsDHeVBJwQ4dUDCBE&uact=5&og=moc
attest+inturdu&gs_lp=Egtnd3Mtd216L W1tZyIRbW9jYSB0OZ
XNOIGluIHVyZHUyBRAAGIAESOQNUHBY9AtwAXgAk
AEAMAGpAqABsAqAQMyLTe4AQPIAQD4AQGYAgigAs
wPwgIKEAAYgAQYigUYQSICBhAAGACYHpgDAIgGAZI
HBzEuMC42LjGgB7EUsgcFMi02LjG4B8UPwgcFMC43LjHI
BxOACAE&sclient=gws-wiz-
img#sv=CAMSURoyKhBILUtmNzg2Z1dKQmZ6VVINMg5
LZjc4NmdXSkJmelVZTToOX2E3ZUtPLU5SmbW16WUO0gBC
0XCgFzEhBILUtmNzg2Z1dKQmZ6VVINGAEWARgHIM3I
_0sISggQARgBIAE0AQ

moca basic test - Google Search [Internet]. [cited 2026 Aug 25].
Available from: https://www.google.com/-
search?q=mocatbasict+testé&sca_esv=a9d440f4a026b81d&ud

m=2&biw=1280&bih=631&sxsrf=APpeQnsLp_tCZprNtJg]C
_9HshwYwRsgOQ%3A1787654724289&ei=RHKNatKcEaO
akdUPo9aJuAw&ved=0ahUKEwjSzsnmzLuWAxUjTaQEHS
NrAscQ4dUDCBE&uact=5&oq=moca+basict+test&gs_lp=Eg

tnd3Mtd2I6LWI1tZyIPbW9jYSBiYXNpYyB0OZXNOMgcQIxj]
AhgnMgUQABiABDIGEAAYCBgeMgYQABgIGB5IyQIQK
FifC3ABeACQAQCYAZ8CoAGkEaoBAZItOLgBA8gBAPgB

J Allam Igbal Med Coll Vol. 24 No. 03 https://jaimc.org/ | 58



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ameena Nasir et al

AZgCAqACIQTCAgQQABgemAMAiIAYBkgcDMiOyoAed
D7IHAzItMrgHtQTCBwMwLjLIBWSACAE&sclient=gws-
wizimg#sv=CAMSURoyKhBILU5GZ1dxRzNacGhmb1BN
Mg50RmdXcUczWnBoZm9QTToOZXZuck]ZdXFNQIlyU
U0gBCoXCgFzEhBILU5GZ1dxRzNacGhmb1BNGAEwWARg
HIIPj308LSggQAREBIAE0AQ

éwiqtoniowska—LonC N, Polanski J, Tanski W, Jankowska-
Polanska B. Impact of cognitive impairment on adherence to
treatment and self-care in patients with type 2 diabetes
mellitus. Diabetes Metab Syndr Obes. 2021;14:193-203.
doi:10.2147/DMS0O.5284468.

Martinez M, Dawson AZ, Lu K, Walker R], Egede LE. Effect of
cognitive impairment on risk of death in Hispanic/Latino
adults aged over 50 years with and without diabetes.
Alzheimers Dement. 2022;18(9):1616-1624.
doi:10.1002/alz.12521.

LiuY, Lu G, Liu L, He Y, Gong W. Cognitive reserve over the
life course and risk of dementia: a systematic review and
meta-analysis. Front Aging Neurosci. 2024;16:1358992.
doi:10.3389/fnagi.2024.1358992.

Livingston G, Huntley ], Liu KY, Costafreda SG, Selbaek G,
Alladi S, et al. Dementia prevention, intervention, and care:
2024 report of the Lancet standing Commission. Lancet.
2024;404(10452):572-628. d0i:10.1016/50140-6736(24)01296-0.
Canavan M, O'Donnell M]. Hypertension and cognitive
impairment: a review of mechanisms and key concepts. Front
Neurol. 2022;13:821135. doi:10.3389/fneur.2022.821135.

de Heus RAA, Tzourio C, Lee EJL, Opozda M, Vincent AD,
Anstey KJ, et al. Association between blood pressure
variability and dementia and cognitive impairment: a
systematic review and meta-analysis. Hypertension.
2021;78(5):1478-1489. doi:10.1161/HYPERTENSIONAHA .-
121.17797.

Liu Y, Dong YH, Lyu PY, Chen WH, Li R. Hypertension-
induced cerebral small vessel disease leading to cognitive
impairment. Chin Med ] (Engl). 2018;131(5):615-619.
doi:10.4103/0366-6999.226069.

Gupta A, Perdomo S, Billinger S, Beddhu S, Burns ], Gronseth
G. Treatment of hypertension reduces cognitive decline in
older adults: a systematic review and meta-analysis. BMJ
Open. 2020;10(11):e038971. do0i:10.1136/bmjopen-2020-
038971.

Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S,
Whitehead V, Collin I. The Montreal Cognitive Assessment,
MoCA: a brief screening tool for mild cognitive impairment. |
Am Geriatr Soc. 2005;53(4):695-699. doi:10.1111/j.1532-
5415.2005.53221 .x.

Julayanont P, Tangwongchai S, Hemrungrojn S,
Tunvirachaisakul C, Phanthumchinda K, Hongsawat J. The
Montreal Cognitive Assessment-Basic: a screening tool for
mild cognitive impairment in illiterate and low-educated
elderly adults. ] Am Geriatr Soc. 2015;63(12):2550-2554.
doi:10.1111/jgs.13820.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green
LA, Izzo JL]Jr. Seventh report of the Joint National Committee
on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure. Hypertension. 2003;42(6):1206-1252.
doi:10.1161/01.HYP.0000107251.-49515.C2.

Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ,
Dennison Himmelfarb C, et al. 2017 guideline for the
prevention, detection, evaluation, and management of high
blood pressure in adults. ] Am Coll Cardiol. 2018;71(19):e127-
€248. doi:10.1016/j.jacc.2017.11.006.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Jamalnia S, Javanmardifard S, Akbari H, Sadeghi E, Bijani M.
Association between cognitive impairment and blood
pressure among patients with type 2 diabetes mellitus in
Southern Iran. Diabetes Metab Syndr Obes. 2020;13:289-296.
doi:10.2147/DMS0.5238247.

R Core Team. R: a language and environment for statistical
computing. Vienna: R Foundation for Statistical Computing;
2026. Available from: https://www.R-project.org/.

Biessels GJ. Intensive glucose lowering
and cognition in type 2 diabetes. Lancet Neurol. 2011
Nov;10(11):949-50. d0i:10.1016/51474-4422(11)70199-5
Koekkoek PS, Kappelle L], van den Berg E,
Rutten GEHM, Biessels GJ. Cognitive function in patients
with diabetes mellitus: guidance for daily care. Lancet
Neurol. 2015 Mar;14(3):329-40. doi:10.1016/51474-
4422(14)70249-2

Velayudhan L, Poppe M, Archer N, Proitsi P, Brown RG,
Lovestone S. Risk of developing dementia in people with
diabetes and mild cognitive impairment. Br ] Psychiatry. 2010
Jan;196(1):36-40. doi:10.1192/bjp.bp.109.067942

Mansur RB, Lee Y, Zhou AJ, Carmona NE, Cha DS, Rosenblat
JD, et al. Determinants of cognitive function in individuals
with type 2 diabetes mellitus: A meta-analysis. Ann Clin
Psychiatry. 2018 Feb;30(1):38-50.

Biessels GJ, Despa F. Cognitive decline and dementia in
diabetes mellitus: mechanisms and clinical implications. Nat
Rev Endocrinol. 2018 Oct;14(10):591-604. doi:10.1038/s41574-
018-0048-7

Roberts RO, Knopman DS, Geda YE, Cha RH,
Pankratz VS, Baertlein L, et al. Association of diabetes with
amnestic and nonamnestic mild cognitive impairment.
Alzheimers Dement. 2014 Jan;10(1):18-26.
doi:10.1016/j.jalz.2013.01.001

Li W, Risacher SL, Huang E, Saykin A]J,
Alzheimer's Disease Neuroimaging Initiative. Type 2
diabetes mellitus is associated with brain atrophy and
hypometabolism in the ADNI cohort. Neurology.
2016 Aug 9;87(6):595-600.
doi:10.1212/WNL.-0000000000002950

Ott A, Stolk RP, van Harskamp F, Pols HA,
Hofman A, Breteler MM. Diabetes mellitus and the risk of
dementia: The Rotterdam Study. Neurology. 1999 Dec
10;53(9):1937-42.d0i:10.1212/wnl.53.9.1937

Xu W, Qiu C, Gatz M, Pedersen NL,
Johansson B, Fratiglioni L. Mid- and late-life diabetes in
relation to the risk of dementia: a population-based twin
study. Diabetes. 2009 Jan;58(1):71-7.

doi:10.2337/db08-0586

Strachan MW, Deary 1J, Ewing FM, Frier
BM. Is type II diabetes associated with an increased risk of
cognitive dysfunction? A critical review of published studies.
Diabetes Care. 1997 Mar;20(3):438-45. doi:10.2337/-
diacare.20.3.438

Zhao Y, Wang H, Tang G, Wang L, Tian X,
Li R. Risk factors for mild cognitive impairment in type 2
diabetes: a systematic review and meta-analysis. Front
Endocrinol (Lausanne). 2025;16:1617248.
doi:10.3389/fend0.2025.1617248

van den Berg E, Kloppenborg RP, Kessels
RPC, Kappelle L], Biessels GJ. Type 2 diabetes mellitus,
hypertension, dyslipidemia and obesity: A systematic

comparison of their impact on cognition. Biochim Biophys
Acta. 2009 May;1792(5):470-81.d0i:10.1016/-

J Allam Igbal Med Coll Vol. 24 No. 03  https://jaimc.org/ | 59



43.

44.

45.

46.

Ameena Nasir et al

j-bbadis.2008.09.004.

Mao S, Wang Y. Risk factors for cognitive
decline in type 2 diabetes mellitus adults: a systematic review
andmeta-analysis. Mol Cell Biochem. 2025
Sep;480(9):4961-72. d0i:10.1007/s11010-025-05306-y

van Harten B, de Leeuw FE, Weinstein HC,
Scheltens P, Biessels GJ. Brain imaging in patients with
diabetes: a systematic review. Diabetes Care. 2006
Nov;29(11):2539-48. doi:10.2337/dc06-1637

Winkler A, Dlugaj M, Weimar C, Jockel KH,
Erbel R, Dragano N. Association of diabetes mellitus and
mild cognitive impairment in middle-aged men and women.
] Alzheimers Dis. 2014;42(4):1269-77. doi:10.3233/JAD-
140696

van Elderen SGC, de Roos A, de Craen AJM,
Westendorp RG], Blauw GJ, Jukema JW. Progression of brain
atrophy and cognitive decline in diabetes mellitus: a 3-year

follow-up. Neurology. 2010 Sep 14;75(11):997-1002.
doi:10.1212/WNL.0b013e3181£25f06

Authors’ Contributions:

AN & SS: Conceptualization and study design

MAA& MSS: Data Collection and manuscript drafting.
MA, MH & AN: Data Analysis and critical review.

SS, MAA & MSS: Supervision & Manuscript drafting &
proof reading.

All authors have read and approved the final version of
the manuscript and are responsible and accountable for
the accuracy and integrity of the work.

1. Ameena Nasir
Associate Professor, Allama Igbal Medical College/Jinnah Hospital,
Lahore, Pakistan.

2. Muhammad Suliman Sajid
MBBS Student, Allama Igbal Medical College/Jinnah Hospital,
Lahore, Pakistan.

3. MuhammadAdil Abid
Demonstrator, Northwest Institute of Health Sciences, Peshawar,
Pakistan.

4.  Muhammad Haris
House Officer, Allama Igbal Medical College/Jinnah Hospital,
Lahore, Pakistan.

5. MuhammadAuns
MBBS Student, Allama Igbal Medical College/Jinnah Hospital,
Lahore, Pakistan.

6. ShaziaSukhera
Associate Professor, Allama Igbal Medical College/Jinnah Hospital,
Lahore, Pakistan.

J Allam Igbal Med Coll Vol. 24 No. 03  https://jaimc.org/ | 60



	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65

