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ABSTRACT

Background: There is little documentation describing the correlation between plasma adiponectin and the
severity of ischemic stroke in the Indian population. The present study was aimed to find the correlation
between plasma adiponectin levels and severity of acute ischemic stroke using the National Institute of
Health Stroke Scale (NIHSS) and Modified Rankins Scale (MRS).

Materials and Methods: The present prospective observational study was conducted on 109 patients of
confirmed acute ischemic stroke aged > 30 years presenting within 24 hours of new onset of neurodeficits.
NIHSS and MRS were measured within 24 hours and 5 days after onset of symptoms respectively.
Plasma adiponectin levels were measured. The primary objectives were to find the correlation of plasma
adiponectin levels with severity of acute ischemic stroke using the NIHSS and neurological functional
outcome using the MRS. The secondary objectives were to find an association of plasma adiponectin levels
with serum lipid profile and comorbidities.

Results: There was a negative correlation between plasma adiponectin levels and NIHSS score (r=-0.110,
p-value = 0.253) and MRS (r =-0.041, p-value = 0.672) which was not statistically significant. The median
plasma adiponectin levels were comparable between the groups of cases with co-morbidity and without co-
morbidity. A significantly higher percentage of patients who had high triglyceride levels had normal plasma
adiponectin levels. The distribution of other lipid parameters and hypertension did not differ significantly
between the groups of cases with normal and abnormal plasma adiponectin levels.

Conclusions: There was no correlation between plasma adiponectin levels and severity of acute ischemic
stroke.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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1. Introduction

Adiponectin has been shown to have both pro inflammatory
as well as anti-inflammatory properties. It was reported that

Multiple studies have shown various physiological effects
of the hormone adiponectin, including insulin sensitizing,
anti-atherogenic and anti-inflammatory.'™ Studies have
shown that lower levels of adiponectin correlate best with
chronic inflammation associated with Type 2 diabetes
mellitus, obesity and cardiovascular diseases (CVD). %3
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adiponectin acts as a pro inflammatory mediator namely
for the development of rheumatoid arthritis, chronic kidney
disease, and inflammatory bowel disease.? Tt was also
associated with prolonging lifespan and ageing however,
higher plasma adiponectin levels were associated with
adverse outcomes in people aged more than 65 years.®
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Globally, stroke was the second-leading cause of death
(11.6% of total deaths) after ischemic heart disease
(16.2%) in the year 2019. Ischemic stroke constituted
62-4% of all new strokes in 2019 (7-63 million strokes),
intracerebral haemorrhage constituted 27.9% (3-41 million),
and subarachnoid haemorrhage constituted 9.7%. 7 1n 2019,
the estimated number of incident cases of stroke in India was
1-29 million, and number of deaths due to stroke was 6,99,
000. The crude Disability Adjusted Life Years rate of stroke
had a 5-5 times variation between the states in 2019, with
the highest rate in West Bengal, followed by Chhattisgarh
and Tripura.®

Currently no biomarker exists to predict the severity and
prognosis of acute ischemic stroke effectively. Traditionally,
various scoring systems such as the National Institute
of Health Stroke Scale (NIHSS) have been used to
quantify the severity of the acute ischemic stroke with
the use of clinical parameters.® This scale has also been
traditionally used to evaluate and take a decision of the
use of recombinant tissue plasminogen activator (rTPA)
for thrombolysis.'?Similarly, the Modified Rankins Scale
(MRS) has been used to quantify the residual neurodeficit
in ischemic stroke patients. '!

Many studies were conducted to find the correlation
between plasma adiponectin levels and atherosclerotic CVD
like myocardial infarction, ischemic stroke and carotid
atherosclerosis. However, there are conflicting results. -1
There is little documentation describing the correlation
between plasma adiponectin and the severity of ischemic
stroke in the Indian population. This study was aimed to
find the correlation between plasma adiponectin levels and
severity of acute ischemic stroke patients using the NIHSS
and MRS.

2. Materials and Methods

This prospective observational study was conducted
between November 2021 and October 2022 in Poona
Hospital and Research Centre, Pune, India. After
approval from the institutional ethics committee (Letter #
RECH/ECBHR/2020-21/372), written informed consent
was obtained from all the patients. One-hundred nine
patients aged > 30 years of either sex presenting with
new onset focal neurological deficits, confirmed of
acute ischemic stroke on magnetic resonance imaging
(MRI) and presenting within 24 hours of onset of
neurodeficits were included. Patients with haemorrhagic
stroke, traumatic brain injury, spontaneous intracranial
haemorrhage, demyelinating syndromes like multiple
sclerosis, intracranial space occupying lesions and patients
of stroke who were thrombolysed using rTPA were
excluded.

Detailed history of the patient was taken, physical
examination including neurological examination was done.
The diagnosis of acute ischemic stroke was confirmed on

GE SIGNA pioneer 3 Tesla 96 channel wide bore MRI
machine (manufactured in Japan). After taking informed
written consent all the required blood investigations were
done within the first 24 hours of onset. NIHSS and
MRS were measured within 24 hours and 5 days after
onset of symptoms respectively. Plasma adiponectin levels
was measured with a two-step sandwich Enzyme Linked
Immunosorbent Assay (ELISA) kit, Diagnostic Biochem,
Canada. NIHSS was calculated by National Institute of
Health, USA guidelines,gwhereas the severity of the stroke
was labelled from Zhuo Y et al.'® Modified Rankins Score
was calculated from Banks and Marotta CA. !!

All the patients included in the study were not
candidates for intravenous thrombolysis and mechanical
thrombectomy. They received standard care in the form
of dual antiplatelets and statins, with control of blood
sugar control and blood pressure. The primary objectives
were to find the correlation of plasma adiponectin levels
with severity of acute ischemic stroke using the NIHSS
within first 24 hours and neurological functional outcome
of acute ischemic stroke at the end of 5 days using the
MRS. The secondary objectives were to find an association
of plasma adiponectin levels with serum lipid profile and
comorbidities. A sample size of 109 patients was calculated
by a formula N'7 = [(Z @ +Z B)/C] 2 + 3, where Z « a
standard normal variate at 5% type 1 error = 1.96, Z f3 the
standard normal deviate at 3 power 80 % at type II error
=0.842 and C = 0.5 * In[(1+41)/(1-r)]. The sample size was
calculated from the previous study by Wang Z et al. who
reported a positive correlation of 0.266 between NIHSS
score and plasma levels of adiponectin. '3

Data collected was entered in Excel 2019, and analysis of
data was done using Statistical Package for Social Sciences
(SPSS) for Windows, Version 24, IBM Corporation, USA.
The data on categorical variables are shown as n (% of
cases), and the data on continuous variables are presented
as mean, and standard deviation (SD). Comparison of the
distribution of categorical was done using the Chi-Square
or Fisher’s exact test. The medians of continuous variables
were tested using Mann-Whitney U test. Spearman’s
correlation analysis was used to find the correlation. A p-
value < 0.05 was considered as statistically significant.

3. Results

Of 181 patients who were admitted with acute neurological
deficit were screened with MRI brain. Fifty-one patients
were excluded; because 43 had haemorrhagic stroke, 6 had
demyelinating lesions and 2 had space occupying lesions.
Of 130 patients of acute ischemic stroke patients, 21 were
excluded because 20 patients presented in the window
period hence were thrombolysed using rTPA and one patient
refused to participate in the study. In all 109 patients were
included and analysed in the present research (Figure 1).
The demographic and clinical profile of the study population
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is depicted in Table 1. The mean + SD of age of the study
population was 54.5 = 5.5 years. Of 109 cases studied,
26(23.9%), 30(27.5%), 20(18.3%) and 33(30.3%) patients
had minor stroke (NIHSS < 5), moderate stroke (NIHSS
between 5 — 15), moderate to severe stroke (NIHSS between
16 — 20) and 33 severe strokes (NIHSS between 21-42)
respectively.

181 patients presenting with acute 51 patients excluded from the study:
ne.umloglca.l (?eﬁclt ‘were screened > 43 had acute haemorrhagic stroke
with MRIT brain - =

* ¢ had demyelinating lesions

* 2 had space occupying lesions
130 patients of acute ischemic stroke 20 patients presented in the window period
patients diagnosed on MRI brain ——* | hence were thrombolysed using rTPA one

patient refused to participate in the study

l

109 patients included for the study

Fig. 1: CONSORT flow diagram
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Fig. 2: Correlation between plasma adiponectin levels with
NIHSS, NIHSS - National Institute of Health Stroke Scale

Of 109 cases studied, 33(30.3%), 18(16.5%), 17(15.6%),
9(8.3%), 18(16.5%), and 14(12.8%) patients had no
significant disability (MRS score 1), slight disability (MRS
score 2), moderate disability (MRS score 3), moderately
severe disability (MRS score 4), severe disability (MRS
score 5) and died (MRS score 6) respectively. Of 109
cases studied, 71 cases (65.1%) had normal plasma
adiponectin levels and 38 cases (34.9%) had abnormal
plasma adiponectin levels. Out of 109 patients included in
the study 14(12.8%) died.

There was no statistically significant difference
in the median plasma adiponectin levels in relation
to co-morbidity, obesity and mortality (Table 2). A
significantly higher percentage of patients who had high
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Fig. 3: Correlation between plasma adiponectin levels with MRS;
MRS- Modified Rankins Scale

Table 1: Demographic and clinical profile

Variables n (%)
Age group in years

30-39 6(5.5)
40 -49 12 (11.0)
50 -59 25 (22.9)
60 — 69 22 (20.2)
70-79 30 (27.5)
>80 14 (12.8)
Gender

Male 78 (71.6)
Female 31 (28.4)
Co-morbidity

Nil 21 (19.3)
Diabetes mellitus 34 (31.2)
Hypertension 68 (62.4)
Ischemic heart disease 8(7.3)
Chronic kidney disease 5(4.6)
Other 9(8.3)
BMI in Kg/m 2

<18.50 13 (11.9)
18.50 — 23.99 40 (36.7)
24.00 —29.99 42 (38.5)
>30.00 14 (12.8)

BMI- Body mass index

triglyceride levels had normal plasma adiponectin levels.
The distribution of total cholesterol (TC), high density
lipoprotein (HDL) cholesterol, low density lipoprotein
(LDL) cholesterol, very-low density lipoprotein (VLDL)
cholesterol and hypertension did not differ significantly
between group of cases with normal plasma adiponectin
and group of cases with abnormal plasma adiponectin levels
(Table 3). Distribution of severity of acute ischemic stroke
(as measured by NIHSS score) did not differ significantly
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Table 2: Distribution of median plasma adiponectin levels according to co-morbidity, obesity and mortality.
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Variables n Median plasma adiponectin p-value
levels (mcg/mL)
Comorbidity
Present 88 12.50
Absent 21 13.90 0.572
Obesity
Present (BMI > 30.0 kg/m?) 14 12.37 0.690
Absent (BMI < 30.0 kg/m?) 95 13.75 :
Mortality
Survived 95 13.75
Dead 14 13.75 0511
Mann-Whitney U test was used
BMI- Body mass index
Table 3: Association between levels of plasma adiponectin with lipid profile and comorbidities
Variables Plasma adiponectin levels p-value
Normal Abnormal Total
Total cholesterol
(mg/dL)
Normal (< 200) 60 (84.5) 33 (86.8) 93 (85.3) 0.743
Abnormal (> 200) 11 (15.5) 5(13.2) 16 (14.7)
Triglycerides (mg/dL)
Normal (< 150) 47 (66.2) 33 (86.8) 80 (73.4) 0.020
Abnormal (> 150) 24 (33.8) 5(3.2) 29 (26.6)
HDL cholesterol
(mg/dL)
Normal (> 40) 23 (32.4) 19 (50.0) 42 (38.5) 0.072
Abnormal (< 40) 48 (67.6) 19 (50.0) 67 (61.5)
LDL cholesterol
(mg/dL)
Normal (< 130) 54 (76.1) 31 (81.6) 85 (78.0) 0.507
Abnormal (> 130) 17 (23.9) 7 (18.4) 24 (22.0)
VLDL cholesterol
(mg/dL)
Normal (< 30) 61 (85.9) 35(92.1) 96 (88.1) 0.536
Abnormal (> 30) 10 (14.1) 3(7.9) 13 (11.9)
Hypertension
Absent 26 (63.4) 15 (36.6) 41 (100.0) 0.769
Present 45 (66.2) 23 (33.8) 68 (100.0)
Chi-square test was used
HDL- High density lipoprotein
LDL- Low density lipoprotein
VLDL- Very low-density lipoprotein
Table 4: Correlation of plasma adiponectin levels withlipid profile
Correlation between r-value p-value
Plasma adiponectin and total cholesterol -0.106 0.272
Plasma adiponectin and triglycerides -0.219 0.022
Plasma adiponectin and HDL cholesterol 0.176 0.068
Plasma adiponectin and LDL cholesterol -0.102 0.292
Plasma adiponectin and VLDL cholesterol -0.120 0.212

Pearson’s correlation was used.
HDL- High density lipoprotein
LDL- Low density lipoprotein
VLDL- Very low-density lipoprotein
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between group of cases with normal plasma adiponectin
and group of cases with abnormal plasma adiponectin
levels (p-value = 0.164). Distribution of neurological
functional outcome (as measured by MRS) of acute
ischemic stroke did not differ significantly between group
of cases with normal plasma adiponectin and group of
cases with abnormal plasma adiponectin levels (p-value
= 0.644). There was a negative correlation between
plasma adiponectin levels and NIHSS score (r = - 0.110)
which was not statistically significant (p-value = 0.253)
[Figure 2]. There was a negative correlation between plasma
adiponectin levels and MRS (r = -0.041) which was not
statistically significant (p-value = 0.672) [Figure 3]. Plasma
adiponectin levels had a significantly negative correlation
with serum triglyceride levels (r =- 0.219, p-value = 0.022),
but there was no statistically significant correlation between
plasma adiponectin levels with TC, HDL, LDL and VLDL
cholesterol (Table 4).

4. Discussion

Acute ischemic stroke continues to be an important cause
of mortality and morbidity in the developing and developed
countries. Moreover, no plasma biomarker exists which
can accurately predict the severity of ischemic strokes
and their prognosis in terms of neurological outcome and
residual morbidity. The present research was a prospective
observational study conducted on 109 patients at a single
centre aimed to determine the correlation between plasma
adiponectin levels with the severity of acute ischemic stroke.
In the present study, there was no statistically significant
correlation between the plasma adiponectin levels and
severity of acute ischemic stroke measured using the NIHSS
and residual disability measured by the MRS.

Wang Z et al. concluded that that high adiponectin was
associated with stroke severity and stated that adiponectin
can serve as a biomarker of poor outcome after stroke,
independent of baseline variables. The study further stated
that there was a positive correlation between NIHSS score
and serum levels of adiponectin levels (r[spearman]=0.266;
p-value < 0.001).'® Efstathiou SP et al. reported that
NIHSS score on admission and adiponectin values had an
inverse correlation which was not significant (r= - 0.20; p-
value = 0.066), but after adjustment for age the correlation
was statistical significance (r= - 0.29; p-value = 0.035).°
Kuwashiro T et al. in a prospective study of 171 ischemic
stroke patients reported that adiponectin values at day 0
were positively associated with neurological severity as
assessed by the NIHSS on admission (r = 0.420, p-value =
0.003).20

In the present study, distribution of severity of acute
ischemic stroke (as measured by NIHSS score) did not
differ significantly between group of cases with normal
plasma adiponectin and group of cases with abnormal
plasma adiponectin levels. Wang Z et al. stated that the

median adiponectin levels in minor stroke were significantly
lower than that observed in patients with moderate-to-high
stroke (6.0 pg/ mL vs. 7.8 ug/mL, p-value < 0.001).'8
A prospective study conducted by Khalili P et al. with
3885 participants reported that adiponectin levels did not
independently predict the risk of stroke, coronary events,
or a combination of these two outcomes.?! Kizer JR et al.
reported that both total and high molecular weight (HMW)
adiponectin were significantly directly associated with CVD
after adjustment for confounding variables. >

In the present study, distribution of neurological
functional outcome (as measured by MRS) of acute
ischemic stroke did not differ significantly between group
of cases with normal plasma adiponectin and group of cases
with abnormal plasma adiponectin levels. Wang Z et al.
stated that at 3-month follow-up, 58 patients (25.6%) had
poor functional outcomes (median adiponectin level 10.0
pg/mL) whereas 169 patients (74.4%) had good outcomes
(median adiponectin level 6.3 ug/mL) (p-value < 0.001).'8
Kuwashiro T et al. reported that adiponectin values were
higher in the groups with poor outcomes (MRS) > 3 on
day 90.2° Marousi SG et at. in a prospective study of 82
acute ischemic stroke patients which were followed up for 6
months concluded that serum adiponectin measured shortly
after an acute ischaemic stroke does not seem to reliably
predict disease severity, progression or outcome. The study
further stated that higher adiponectin levels (12. 57 versus
8. 83 mg/ dL, p-value = 0. 053) was indicative of greater
disability (MRS) at one month follow-up, but not by the next
follow-up months. 3

In a study conducted by Wang Z et al. among the 227
patients, 28 (12.3%) died. The median adiponectin levels in
28 patients who died were greater as compared with patients
who survived (11.2 vs. 6.8 ug/mL; p-value < 0.001).'8 In
the present study, out of 109 patients 14 (12.8%) died. There
was no statistically significant difference in the median
plasma adiponectin levels in patients who died and survived.

Efstathiou SP et al. stated that there was a significant
inverse correlation between adiponectin levels and body
mass index (r = - 0.31; p-value = 0.033), whereas there
was no significant correlation with hypercholesterolemia
(r = - 0.13; p-value = 0.177).'° Matsumoto M et al.
conducted a study on 5243 subjects which were followed
over 9.7 years, reported that adiponectin levels were not
independently associated with stroke or brain infarction.
The study further stated that adiponectin levels were
negatively correlated with body mass index (r = - 0.21,
p-value < 0.01), triglyceride (r = - 0.22, p-value < 0.01)
and positively correlated with HDL cholesterol (r = 0.25,
p-value < 0.01). In the present study, plasma adiponectin
levels had a significantly negative correlation with serum
triglyceride levels (r = - 0.219, p-value = 0.022), but
there was no statistically significant correlation between
plasma adiponectin levels with TC, HDL, LDL and VLDL
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cholesterol.?* Khalili P et al. stated that mean body mass

index, mean systolic blood pressure, mean diastolic blood
pressure and mean triglyceride levels were significantly
higher in patients who had lowest adiponectin levels,
whereas there was no statistically significant difference
between mean TC and adiponectin levels.?! Kizer JR et al.
stated that the mean body mass index, mean diastolic blood
pressure, and mean triglyceride were significantly higher in
patients who had lowest adiponectin levels, whereas there
was no statistically significant difference between mean
LDL cholesterol, systolic blood pressure and adiponectin
levels. The mean HDL cholesterol was significantly higher
who had highest adiponectin levels.??

Kuwashiro T et al. concluded that plasma adiponectin
values may help to classify stroke subtypes and predict
neurological severity and functional outcome in ischemic
stroke patients.?® Gairolla J et al. in their study reported that
the process of atherosclerosis and stroke are multifactorial
and involve the interplay of various other mediators apart
from adiponectin in the pathogenesis of atherosclerosis and
stroke.? Yanai H et al.concluded that adiponectin reduces
inflammatory cytokines and oxidative stress, which lead to
an improvement of insulin resistance. 2%

5. Limitations

The sample size of this study is small. The study was
conducted in a single centre. Longer follow up was not done
to find the residual neurological deficit. Since the disease
pathogenesis of acute ischemic stroke is multifactorial, case
control studies with adjustments for comorbidities, age,
gender, smoking, etc., will provide better information about
the association between adiponectin and ischemic stroke.
This study measured only the total plasma adiponectin
levels, isoforms of adiponectin such as HMW, low
molecular weight adiponectin levels were not measured.

We did not further classify brain infarction to analyze
subcategories of brain infarction separately, because of the
limited number of cases. Past investigators have reported
that each of the subcategories of brain infarction have
different associations with lipids.27 Therefore, each of the
subclasses of brain infarction may have a different link to
adiponectin.

We did not measure local adipose tissue of
adipocytokines and/or plasma expression of adipocytokines,
such as retinol-binding protein-4, leptin, fatty acid binding
protein 4, omentin-1 and irisin. The association between
plasma adiponectin, other adipocytokines and stroke should
be clarified. We only measured baseline plasma levels
of adiponectin, which might not represent the long-term
levels of these marker. The validity of the ELISA assay
of adiponectin was also questioned by Bluher M et al.,?
that reported significant differences between different
commercially available assays. We also did not measure
the activity of the adiponectin receptor and, thus, cannot

directly test the adiponectin resistance hypothesis in the
present study. Variant in the adiponectin gene was not
tested. Chen XL et al.,29rep0rted a relationship between
the rs2241766 variant in the adiponectin gene and ischemic
stroke risk in Han population women from northern China.

6. Conclusions

There was a negative correlation between plasma
adiponectin levels and NIHSS score (r = - 0.110) which
was not statistically significant (p-value = 0.253) and
MRS (r = -0.041, p-value = 0.672). The median plasma
adiponectin levels were comparable between group of cases
with co-morbidity and without any co-morbidity (p-value
= 0.572), with obesity and without obesity (p-value =
0.690), and who survived and who died (p-value = 0.511).
A significantly higher percentage of patients who had
high triglyceride levels had normal plasma adiponectin
levels. The distribution of TC, HDL cholesterol, LDL
cholesterol, VLDL cholesterol and hypertension did not
differ significantly between group of cases with normal
plasma adiponectin and group of cases with abnormal
plasma adiponectin levels. Multi-centric studies with large
sample size and longer duration of follow-up should be
undertaken to substantiate the research findings described in
this paper. Further studies using the isoforms of adiponectin
such as HMW and low molecular adiponectin should be
undertaken.
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