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ABSTRACT

Background/Aim:The increase in (MHR) values calculated by the ratfio of monocyte to high-density
lipoprotein cholesterol (HDL-C) is a parameter that has recently been evaluated as a measure
of inflammation and oxidative stress.There are data associated with cardiovascular diseases and
carotid artery pathologies.The aim of this study is o seek an answer to the question “Can MHR be
a guiding parameter in the differentiation of these pathologies that are blamed in the etiology of
ischemic stroke?”

Methods:The records of 200 patients with the diagnosis of acute ischemic stroke and whose
neurological examination, neuroradiological imaging and monocyte and HDL-C examinations
were completed within the first 24 hours after the onset of symptoms were evaluated retrospectively.
They were grouped according to the TOAST classification.Measured monocyte values, HDL-C
values and MHR values obtained by monocyte/HDL-C ratio were analyzed statistically according
to TOAST groups, comorbid diseases and gender.

Results:There was a stafistically significant increase in MHR in male and in diabetics, without any
statistically significant difference between TOAST groups in terms of MHR.

Conclusion:MHR is not an appropriate parameter fo use in the estimation of these groups, as it does
not show any difference between the subgroups of stroke depending on the etiology.
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Amag: Monositin yUksek yogunluklu lipoprotein kolesterole (HDL-K) oranlanmasiyla hesaplanan
MHR degerlerinin artisi, son zamanlarda inflamasyon ve oksidatif stres 6lcUtt olarak degerlendirilen
bir parametredir. KardiyovaskUler hastaliklarla ve karotis arter patolojileriyle iliskilendirildigi veriler
mevcuttur. Bu calismanin amaci ‘MHR iskemik inmenin etyolojisinde suglanan bu patolojilerin
ayrnminda ydnlendirici olabilecek bir parametre olabilir mi2’ sorusuna cevap aramaktir.

Yontem: Akut iskemik inme tanisiyla tedavi edilen 200 hastanin kaydi retrospektif olarak incelendi.
Hastalardan semptomlarinin ik 24 saati icinde nérolojik muayenesi, ndroradyolojik gérintilemesi
(difzyon mrg ve/veya BBT ile) ve monosit ve HDL-K tetkikleri tamamlanmus, yatisi sUresince etyolojiye
yonelik tetkikleri sonuclanan, dislkama kriterleri géz éninde tutularak secilenler, TOAST sinflamasina
gore gruplandirildi. OlgUlen monosit degerleri, HDL-K degerleri ve monosit/HDL-K oranlanmasiyla
elde edilen MHR degerleri TOAST gruplarina, eslik eden hastaliklara ve cinsiyete gore istatistiksel
olarak incelendi.

Bulgular: MHR agcisindan TOAST gruplar arasinda istatistiksel olarak anlamli farkliik gézlenmeksizin
erkeklerde ve diyabetik olanlarda MHR degerinde istatistiksel olarak anlamli yUkseklik mevcuttu.
Sonug: MHR, inmenin etyolojiye bagl alt gruplan arasinda herhangi bir farklilik géstermedidi icin bu
gruplarn tahmininde kullaniimasi uygun bir parametre degildir

Anahtar kelimeler: monosit/HDL-K, MHR, iskemik inme, TOAST siniflamasi

Ischemic stroke is a leading cause of death and
disability worldwide. Inflammatory mechanisms are
thought to play a critical role in the pathological
processes of ischemic stroke and its subtypes. There
are publications showing an independent relationship
between total white blood cell count and stroke risk,
stroke severity and mortality (1-4).

Monocytes/macrophages and T-lymphocytes are
responsible for the production, infiltration and lipid
core formation of inflammatory cytokines, which are
thought to be involved in the pathogenesis of stroke,
and are held responsible for the aggravation of
brain damage and atherosclerotic plague formation
through this mechanism (5-7). Conversely, high-
density lipoprotein cholesterol (HDL-C) exerts anfi-

inlammatory, antioxidant, and antithrombotic effects
by reversing cholesterol transport and preventing
endothelial dysfunction (8). Therefore, it is thought that
the monocyte-to-high-density lipoprotein cholesterol
ratio (MHR) may be a systematic inflammatory marker
associated with atherosclerosis (?).

In ferms of the pathogenesis of atherosclerosis, HDL-C
levelis alipid parameter that decreases in the presence
of endothelial dysfunction and atherosclerosis, while
monocytes are a hematological index that increases
during inflammation. In this regard, theoretically, in
atherosclerosis cases, while HDL-C levels decrease,
monocyte levels increase, so the MHR value is expected
toincrease (10). Publications suggesting that anincrease
in MHR indicates an increased risk of carotid plagque
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formation and can be used as a possible marker for
plague formation and severity may be relevant in this
regard (11).

On the other hand, data linking MHR with cardiac
disease through the same inflammatory procedures is
also abundant. Preoperative MHR elevation may be
an important biomarker to predict early recurrence
after atrial fibrillation ablation (12). Increased MHR
may predict the risk of developing infra-stent restenosis
after coronary angiography, and may be associated
with higher long-term mortality and long-term major
cardiac adverse events in patients with coronary
heart disease (13,14).

Data based on ischemic stroke patients suggest that
high MHR level is associated with high mortality but low
risk of hemorrhagic transformation (15,16).

Although data on the relationship of MHR with cardiac
and cerebrovascular events are mostly shared on
predicting survival and prognosis, data on the role of
inflammation in the etfiology are quite limited.

Ischemic stroke classificationis criticalin the conduct of
basic research and clinical practice. Analysis of stroke
subtypes requires the integration of clinical features,
findings from diagnostic tests, and data on potential
etiologic factors derived from clinician assessment.
Two main approaches to etiological classifications
of ischemic stroke are used: causal and phenotypic
subtyping. The most widely used cause-based system
is the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) classification.  Although new classifications
developed over time have been infroduced, they are
not as accepted as the TOAST classification (17,18).

The TOAST classification is an ischemic stroke subtype
categorization system based on etiology developed
for the Trial of Org 10172 in Acute Stroke Treatment
and evaluated in 5 categories: 1-large-artery
atherosclerosis, 2- cardioembolism, 3-small-vessel
occlusion, 4- stroke of other determined etiology, 5-
stroke of undetermined etiology. (18).

In this study, it was aimed to examine the MHR values
of the subgroups according to the TOAST classification
in acute ischemic stroke patients and to reveal the
data on whether this parameter can be effective in
the evaluation of the etiology.

Material Methods

The study protocol was approved by the Selcuk
University Medical Faculty Ethics Committee (2023/02-
2023/60). The hospital records of 200 patients who
were admitted to the Konya City Hospital Department
of Neurology with the diagnosis of acute ischemic
stroke  and whose neurological examination,
neuroradiological imaging (with diffusion MRl and/
or CT) and monocyte and HDL-C examinations were
completed within the first 24 hours after the onset of
symptoms were evaluated retrospectively. They were
grouped according to the TOAST classification.
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In the TOAST classification, patients are evaluated
in 5 categories: 1-Large-artery atherosclerosis, 2-
Cardioembolism, 3-Small-vessel occlusion, 4- Stroke of
other determined etiology, 5- Stroke of undetermined
etiology.

The following criteria were considered for patient
grouping;

Ist Group; Large artery atherosclerosis: Patients
with clinical or imaging evidence of severe (>50%)
stenosis or occlusion of neck or brain vessels due fo
atherosclerosis, loss of cerebral cortical function
(aphasia, motor impairment, etc.) or clinical signs of
brain stem or cerebellar dysfunction,

2nd Group; Cardioembolic patients: pafients in whom
at least one source of cardiac embolism has been
identified,

3rd Group; small-vessel occlusion: Patient group with
one of the clinical lacunar syndromes and without
cerebral cortical dysfunction. A history of diabetes
mellitus or hypertension supports the diagnosis. The
patient should also have a normal CT/MRI scan or a
brain stem or subcortical hemispheric lesion less than
1.5 cm in diameter.

4th Group; Stroke of other determined etiology: Patients
with rare causes of stroke such as non-atherosclerotic
vasculopathy, hypercoagulability or hematological
disorders,

5th Group; Stroke of undetermined etiology: Patients
in whom the cause of the stroke cannot be reliably
established, an efiology cannot be established
despite extensive investigation, or there is more than
one potential cause, and the physician cannot clarify
the exact cause (18).

Patients with rheumatological and/or oncological
diseases whose treatment has not been completed,
those with liver and kidney failure that require
freatment, those with a history of acute coronary
syndrome, cardiac surgery, ischemic/hemorrhagic
stroke or endovascular tfreatment within 3 months
before the date of application, those who had
acute infection findings at the time of admission
to the hospital, and whose neurological status was
evaluated as transient ischemic attack, no signs of
acute ischemia observed in central imaging, patients
who underwent infravenous thrombolytic therapy
and/or endovascular therapy (thrombectomy and/
or stent) before monocyte and HDL-C tests were
completed, and whose hospitalization ended in
death or discharge before the completion of carotid
imaging and cardiac examinations for efiology were
not included in the study.

The measured monocyte values, HDL-C values and
MHR values obtained by the ratio of these monocyte/
HDL-C were analyzed statistically according to TOAST
groups, comorbidities and gender.
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Statistical Analysis

IBM SPSS Statistics 21. Software program was used
for stafistical analysis. Frequency and percentage
values were used as descriptive statistics for nominal
categorical data. For numerical variables, firstly, to
evaluate the normality of their distribution: skewness
and kurtosis values and their z-scores, Pearson skewness
coefficient and Kolmogorov-Smirnov test (if number of
samples = 30) or Shapiro-Wilk test (if number of samples
< 30) were used.

Since the distribution of our numerical variables was
not normal, minimum and maximum values were given
along with the median value. The x2 test was used to
compare nominal categorical data. While the Mann-
Whitney U test was used to compare the numerical
variables of the two groups, the Kruskal Wallis test was
used to compare the numerical variables of more
than two groups. If statistical difference was detected
in Kruskal Wallis test, Mann Whitney U test was used
with Bonferroni correction in pairwise comparisons of
groups. If the alpha value (p) was less than 0.05, it was
considered stafistically significant.

Table 1 TOAST Group and patient characteristics

Resulis

Two hundred patients were evaluated according fo
the TOAST classification; 21 large artery atherosclerosis
(group 1), 65 cardioembolic origin (group 2), 42
small vessel occlusion (group 3), 2 other specified
causes (group 4), and 70 stroke with undetermined
cause (group 5). Group 4 could not be included in
the statistical evaluation due to the small number of
patients.

MHR median values were 0.0153 (0.005-0.025) in the
Ist group, 0.1459 (0.0036-0.0380) in the 2nd group,
0.1233 (0.0011-0.0329) in the 3rd group, and in the
5th group It was calculated as 0.0159(0.0016-0.0435).
No stafistically significant difference was observed
between the TOAST groups in terms of MHR. Monocyte
counts were the lowest in Group 5, but the difference
was statistically significant only with Group 3 (p=0.03)
(Table 1).

The parameters in which MHR was significantly
affected were the presence of diabetes mellitus and
gender. It was higher in men than in women (p<0.0001)
and in diabetics compared to nondiabetics (p=0.025).

TOAST

Sex
Male 18 (15.4%) 28 (23.9%) 26 (22.2%) 45 (38.5%)
Female 3(3.7%) 37 (45.7%) 16 (19.8%) 25 (30.9%)
X?(3) = 13.972, p = 0.03, Cramer’s V = 0.003
Age years, median (min-max) 70 (54-84) 73 (40-89) 65.5 (45-88) 70 (39-93)
Kruskal Walllis test, X?(3) = 0.081
Stroke count, median (min-max) 1(1-3) 1(1-3) 1(1-5) 1(1-3)
Kruskal Wallis test, X?(3) = 5.203, p = 0.153
Stroke localization
Anterior 16 (14%) 38 (33.3%) 11 (9.6) 49 (43%)
Posterior 4 (5.5%) 20 (27.4%) 30 (41.1%) 19 (26%)
Multiple 1(9.1%) 7 (63.6%) 1(9.1%) 2(18.2)
The analysis could not be performed because it did not provide the necessary assumptions for the Chi-square fest.
mRS score, median (min-max) 3 (1-4) 3(1-5) 2.5 (1-5) 3H{{1=5)
Kruskal Walllis test, X?(3) = 4.365, p = 0.225
Hospital stay, median (min-max) 5(1-16) 7 (2-37) 6(2-12) 5 (2-28)
Kruskal Wallis testi, X?(3) = 8.587, p = 0.035; Statistically significant difference between TOAST 2 and 3 after Bonferroni test p = 0.036
Number of monocytes 099 062 0515 0.8
(0.18-0.88) (0.18-1.75) (0.05-1.34) (0.09-1.11)
Kruskal Wallis test, X2(3) = 10.462, p = 0.015; The difference between TOAST 3 and 5 after Bonferroni test was statistically significant p = 0.03
- 37 43 44 44
(24-63) (24-72) (26-86) (23-72)
Kruskal Wallis test, X?(3) = 6.5, p = 0.090
MR 0.0153 0.1459 0.1233 0.0159
(0.005-0.025) (0.0036 -0.0380) (0.0011-0.0329) (0.0016-0.0435)

Kruskal Wallis test, X?(3) = 5.513, p = 0.138

TOAST;Trial of Org 10172 in Acute Stroke Treatment groupl;large-artery atherosclerosis, 2; cardioembolism, 3;small-vessel occlusion,, 5; stroke of
undetermined etiology. HDL; high-denisity lipoprotein MHR; ratio of monocyte to high-density lipoprotein cholesterol mRS modified Rankin Scale
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Table 2 MHR evaluation according to the presence of other diseases and clinical features

MHR; ratio of monocyte to high-density lipoprotein cholesterol , HDL; high-density lipoprotein
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HDL was also significantly higher in females (p<0.0001)
and non-diabetic subjects (p=0.001). Presence of
hypertension was associated with low monocyte
count (p=0.015), but no effect on MHR was observed.
HDL-C level was significantly lower in the group with
posterior circulation ischemia compared to the group
with anterior circulation ischemia (p=0.047).

There was no difference between the groups in
terms of heart failure, coronary heart disease, atrial
fiorillation and hyperlipidemia, and monocytes, HDL-C
and MHR. History of dementia, Parkinson's disease
and presence of epilepsy were also ineffective
for all three parameters. There was no correlation
between the use of antiaggregants before stroke and
monocytes, HDL-C and MHR. However, the median
monocyte value was significantly higher in those
using anticoagulants before stroke (p=0.045), and no
correlation was found with HDL-C and MHR (Table 2).

No difference was observed between the TOAST
groups in terms of age, number of strokes, and
modified Rankin score (MRS), but when the gender
rafio for the groups was, it was determined that it
significantly increased in favor of female gender only
in the cardioembolic group (p=0.03). The hospital stay
was longer in the cardioembolic group than in all
groups, but this difference was stafistically significant
only in Group 3 (p=0.036).

Discussion

The search for biomarkers that can save time in
diagnosis or help predict prognosis confinues to be the
subject of studies. This issue is of particular importance
in cases that require urgent diagnosis and treatment,
such as acute cardiovascular diseases and acute
cerebrovascular diseases.

MHR obtained by dividing the monocyte value by
HDL-C; It is a biomarker that has been the subject of
many publications where it is found significant in terms
of inflammation, and the fact that it is a parameter
calculated using easily accessible routine blood tests
in many patient groups has played an important role
in the spread of studies.

A meta-analysis study evaluating the relationship of
MHR to survival in cardiac diseases in large patient
groups shows that increased MHR is associated with
higher long-term mortality and increased major
cardiac adverse events in coronary heart disease. It
indicates that MHR may serve as a potential prognostic
indicator for risk stratification in this patient group (14).
In another study, it was reported that the MHR value
was higher in stroke patients than the control group
without specifying the subgroup, and that higher
MHR was a significant parameter in predicting 30-day
mortality (15). A different study on MHR in ischemic
stroke associates high MHR with poor prognosis in the
presence of large artery atherosclerosis (19). Large
patient population-based data have been published
showing that MHR levels increase as carotid plaque
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severity increases in those without hypertension or
diabetes (11). Datarelated to MHR in stroke have been
interpreted mostly on prognosis. In a study in which 477
patients were evaluated retrospectively, the clinically
and radiologically revealed progressive stroke clinic
in 147 patients was associated with increased MHR,
especially in the group with large artery disease (20).

Confrary fo the pathologies associated with the
carotid, we did not find any study in the literature
on stroke patients associated with cardiac etiology.
The reason for this is that medium and high risk
cardiac diseases that play a role in the etiology of
ischemic stroke have a wide spectrum ranging from
cardiac rhythm disorders to developmental cardiac
anomalies, acquired heart valve diseases, congestive
heart failure, infective endocarditis and coronary
syndromes. Therefore, all these diseases that develop
with different mechanisms may not have the same
effect on MHR.

In our study, when TOAST groups were compared, no
significant difference could be found in MHR values
between groups based on different etfiologies. While
examining the reasons for this, we think that it should
be taken into consideration that this inflammation
marker is associated with many diseases and factors
in previous studies, the presence of which was also
reportedin our patient groups. In a study examining the
relationship between MHR and carofid intima-media
thickness (CIMT) in patients with type 2 diabetes, it was
stated that high MHR was in a significant relationship
with CIMT only in the presence of male gender (21).
Our data also reveal that the MHR value is significantly
higher in male gender regardless of the group.

It has also been reported that MHR may be an
important long-term marker in predicting individuals
who will develop diabetes in the community, and this
relationship is also affected by hypertension, presence
of excess weight or smoking habits (22). In our patient
group, HDL was significantly lower in the diabetic
patient group compared to nondiabetics, which was
reflectedin astatistically significant increase in the MHR
parameter. Data were also shared, showing that there
was a continuous positive linear relationship between
MHR and hypertension (23). Although a negative
relationship was observed between the presence of
hypertension and only monocyte values in our patient
group, no significant reflection of this relationship on
MHR was observed. On the other hand, these factors
were excluded from our study, since the registration
information on body/mass index and smoking habits
could not be accessed refrospectively in all patients.

Another limiting factor was that a large number
of patients excluded from our study, as MHR was
affected by so many factors. In our study, the stroke
group due to large vessel atherosclerosis, which was
mostly associated with MHR in the literature, was in the
minority, especially in patients with large vessel lesions
that developed more rapidly and presented with
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severe clinical findings. We think that different findings
can be revealed in prospectively planned studies with
samples to be taken before treatment in this patient

group.

Another reason why no difference could be found
between the groups in terms of MHR is that it is more
possible to attribute meaning fo subgroups with higher
number of patient groups. We have previously stated
that the 2nd group, in which cardiac etiology is blamed
in the TOAST classification, is quite heterogeneous.
Considering that the 5th group, in which the etiology
could not be revealed, consists of patient groups with
multiple risk factors, such as large vessel lesion and
cardioembolic focus, as well as for whom no etiology
could be revealed, we think that it would be useful to
evaluate it from a different statistical point of view.

Other limitations of this study are that it is a single-
center retrospective study and the sample size is not
large enough; The dynamic frend and value of the
indicator were not reflected in this study, since the
dynamics and continuity of the inflammmatory process
and the MHR were evaluated on a single sample.

For these reasons, there is a need for more research
on the relationship between MHR and stroke, and
sharing positive results as well as negative results and
self-criticism from an objective point of view.

Conclusion

The results we obtained in our study reveal that MHR
does not show any difference between the subgroups
of stroke depending on the etiology, therefore it
cannot be considered as an appropriate parameter
in the estimation of these subgroups, and the
parameters associated with high MHR in our patient
group are male gender and diabetes mellitus. There is
a need for more research on the relationship of MHR
to stroke subgroups and sharing positive results as well
as negative results and self-criticism from an objective
point of view.
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