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Abstract

Introduction: Cryptogenic ischemic stroke (CIS) is a major public health problem, especially in our
region where young people are increasingly affected. Several cardiovascular risk factors are being
evaluated, including blood magnesium levels. The objective of this study was to evaluate serum
magnesium levels in subjects who had suffered cryptogenic IS.

Methodology: This was a case-control study. Subjects were recruited from the neurology department
of the Fann University Hospital between November 2021 and May 2022. The samples were analyzed in
the biochemistry laboratory of the same facility using enzymatic methods and according to the
supplier's recommendations. Statistical analysis was performed using XLSTAT 2022 software, and a p-
value <0.05 was considered statistically significant.

Results: The study included 40 subjects with cryptogenic IS, 40 subjects with IS of known cause, and
40 healthy control subjects. In cryptogenic AVCI, the average age was 47 = 11 years with a
predominance of males (57.5%). Magnesium levels were 18.16+ 2.51 mg/L., and hypomagnesemia was
found in 40% of subjects. Furthermore, it was significantly different in smokers and non-smokers
(p=0.024). A significant correlation was also found between magnesium and triglycerides (p=0.012).
Conclusion: Magnesium levels appear to be a relevant parameter to include in the initial assessment of
cryptogenic IS due to the high frequency of hypomagnesemia. It could represent a potential biomarker
in subjects who have suffered a cryptogenic IS.
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Introduction

The World Health Organization (WHO) defines stroke as the rapid development of localized
or global clinical signs of cerebral dysfunction with symptoms lasting more than 24 hours
that can lead to death without any apparent cause other than vascular causes 1. The severity
of the sequelae depends on the region of the brain affected, the functions it controls, and the
duration of the stroke. The larger the area deprived of oxygen, the more severe the sequelae
are likely to be.

Strokes are the second leading cause of death worldwide, especially in developing countries.
They are the leading cause of acquired disability in adults and the second leading cause of
disability worldwide 1. In Senegal, they are estimated to account for 45.78% of neurological
conditions requiring hospitalization in Dakar and are responsible for nearly two-thirds of
deaths at the Neurological Clinic of the Fann University Hospital Center in Dakar, Senegal
3]

The term stroke encompasses: cerebral infarction (CI), also known as ischemic stroke,
accounting for 80 to 90% of strokes; hemorrhagic stroke, with intracerebral hemorrhage
(ICH) in 10 to 20% of cases; and subarachnoid hemorrhage, which accounts for less than 2%
of cases . Depending on their etiology, the TOAST classification designates five subtypes
of IS (large artery atherosclerosis, cardio embolism, small vessel occlusion, rare cause stroke,
and cryptogenic stroke) .. Tt has been found that 25% of IS can be classified as cryptogenic
151, Several risk factors have been implicated, the most important of which are advanced age,
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high blood pressure, diabetes, dyslipidemia, alcoholism, and
obesity, among others [®l. As a result, stroke is considered a
multifactorial disease involving inflammation and the
disruption of several metabolic parameters. Several risk
factors are currently being evaluated, including
hypomagnesemia -8, Magnesium has been reported to play
a role in atherogenesis, vascular calcification, and the
proliferation and migration of endothelial cells and smooth
muscle cells that make up the vascular wall . It also plays
a key role in vascular balance, neuromuscular transmission,
and regulation of arterial tone - '°. However, few studies
have been conducted on magnesium and cardiovascular risk,
or more specifically on cryptogenic IS. Therefore, the
overall objective of this study was to evaluate plasma
magnesium levels in subjects with cryptogenic or unknown
cause IS.

Methodology

Ethical approval

This study was approved by the Research Ethics Committee
(CER) of Cheikh Anta Diop University (UCAD) in
accordance with the rules laid down by the National Ethics
Committee for Health Research (CNERS) of Senegal under
number: 0412/2019/CER/UCAD.

Study setting and type
This is a case-control study of subjects who have suffered
cryptogenic strokes. Patients were recruited from the
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neurology department of the FANN National University
Hospital Center in Dakar. Biochemical parameters were
measured at the CHNU/FANN Biochemistry Laboratory.

Study population

Our study involved 40 subjects who had suffered
cryptogenic cerebral infarcts, according to the TOAST
(Trial of Org 10172 in Acute Stroke Treatment)
classification, referred to as Embolic Stroke of
Undetermined Source (ESUS) [ 2I (Figure 1). IS was
diagnosed on clinical grounds and confirmed by CT scan
data in all patients, and the cryptogenic origin was
confirmed by the absence of high-risk embolic heart disease
or stenotic (>50%) extracranial or intracranial
atherosclerosis. Subjects who had a stroke related to PFO-
ASIA (patent foramen ovale-atrial septal aneurysm), non-
stenotic (<50%) potentially embolic atheroma, dissection,
vasculitis, or small cerebral artery disease (<2.0 cm) were
not included in the study.

Two groups of control subjects were recruited, and blood
samples were taken under the same conditions as for
subjects who had suffered cryptogenic IS. The first group of
control subjects consisted of 40 subjects who had suffered
IS of known cause and were being monitored in the same
neurology department. The second group of control subjects
consisted of 40 healthy subjects with no clinically apparent
pathologies recruited from blood donors.

AVCl P

Athérosclérose des gros
Vaisseaux

———— Emboke dorigine cardiaque |

AVC d'étiologie non
déterminée

Occlusion d’une petite
artére: lacunaire

Autres origines
= déterminées: dissection,
angéite

. Deux,ouplusde, causes
identifiées

Evaluation incompRte

Cryptogénique

Fig 1: TOAST (Trial of Org 10172 in Acute Stroke Treatment) classification [13!

Parameters studied

For our entire population, we studied epidemiological and
clinical parameters, including diabetes, which was
determined according to the 2006 WHO criteria
(https://www.who.int/fr/news-room/fact-
sheets/detail/diabetes), as well as physical inactivity
(https://www.who.int/fr/news-room/fact-
sheets/detail/physical-activity). Smoking and alcoholism
were determined on the basis of a questionnaire and
according to the patient's response. Chronic alcoholism was
defined as men consuming 5 drinks per day, or 50 g of
ethanol per day, and women consuming 3 drinks per day, or
30 g of ethanol per day. For smoking, a threshold of 5
cigarettes per day was defined, or 50 ug of nicotine
absorbed per day. Basic biochemical parameters were

measured in serum using the Architect ci4100 automated
analyzer (Abbott, Illinois, USA) using enzymatic techniques
in accordance with the manufacturer's recommendations.
Statistical analysis was performed using XLSTAT 2019
software. Data were presented as frequencies and
percentages for categorical variables and as mean + standard
deviation for continuous variables. All continuous variables
were tested for normal distribution using the Shapiro-Wilk
test, and the significance of differences between groups was
tested using the Wilcoxon-Mann-Whitney test and the
Kruskal-Wallis test. Categorical variables were compared
using the chi-square test and the association between
variables was assessed using Spearman's and Pearson's
correlation tests. A p-value less than 0.05 was considered
significant.
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Results

Our study population consisted of 40 patients with
cryptogenic IS and 40 patients with IS of known cause
followed at the Fann Neurological Clinic. The mean age of
patients with cryptogenic IS was 47+11 years, with
extremes of 33 and 70 years. The distribution by gender
showed a male predominance with a sex ratio of 1.35.
Several cardiovascular risk factors were studied, and among
them, the most frequently found parameters were
hypertension (45%), dyslipidemia (22.5%), and diabetes
(15%). Regarding lifestyle parameters, sedentary lifestyle,
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smoking, alcoholism, and drug use were found at
frequencies of 25%, 25%, 15%, and 5%, respectively.

The assessment of serum magnesium levels showed an
average value of 18.16 g/L in cryptogenic IS and 18.08 g/L
in IS with known causes.

Analysis of lipid profile parameters revealed a cholesterol
level of 1.96 g/L in subjects with cryptogenic IS compared
to 1.92 g/L in subjects with IS of known cause. Statistically
significant differences were found for blood glucose, CRP,
urea, and PAL between cryptogenic IS and IS with known
causes (Table 1).

Table 1: Epidemiological, clinical, and biological characteristics of the study population

| Cryptogenic stroke | Determined stroke | Controls p
Epidemiological parameters

Mean age (years) 47+11 57.02 47+12 <0.001

Sex ratio 1.35 1.35 1.35 -

Biological parameters
Magnesium (mg/1) 18.16 18.08 - 0.896
Total cholesterol e (g/1) 1.97 1.93 1.96 0.904
HDL-c (g/l) 0.46 0.44 0.59 0.353
LDL-c (g/l) 1.05 1.04 1.29 0.762
Triglycerides (g/1) 0.87 0.91 0.78 0.725
Blood glucose (g/1) 0.96 1.18 - <0.001
Urea (g/1) 0.22 0.29 0.16 0.007
Creatinine (mg/L) 7.43 7.48 7.98 0.254
Uric acid (g/L) 55.95 56.74 48.07 0.912
CRP (g/l) 3.41 43.05 1.92 <0.001
AST (IU/L) 34.25 58.28 23.54 0.012
ALT (IU/L) 25.64 34.07 14.61 0.123
GGT (IU/L) 60.72 102.53 32.72 0.080
ALP (IU/L) 60 90 - 0.026
Clinical and lifestyle parameters

HTA (%) 45 84.61 - 0.002
Diabetes (%) 15 61.53 - 0.040
Dyslipidemia (%) 22.50 64.10 - 0.012
Sedentary lifestyle (%) 25 51.28 - <0.001
Smoking (%) 25 17.94 - <0.001
Alcoholism (%) 15 2.56 - <0.001

Drugs (%) 5 - - -

Analysis of our data showed that 40% of subjects who
suffered cryptogenic IS had hypomagnesemia. A higher

frequency was found in subjects who suffered definite IS,

with a rate of 46.15% (Figure 2).

Hypomagnesemia

o/

CRYPTOGEMNICSTROKE

45,15

STROKEWITH KNOWN CAUSE

Fig 2: Frequency of hypomagnesemia s in the study population
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Analysis of clinical risk factors in our study population hypomagnesemia, with the exception of dyslipidemia.
following magnesium showed that hypomagnesemia was However, no significant differences were found except for

associated with higher frequencies in subjects with smoking (p=0.024) (Table 2).

Table 2: Evaluation of magnesium concentrations based on clinical parameters and lifestyle Cryptogenic ISA

mean (sd) (g/1) median [Q25-75] min max p

Alcohol NO 17.9 (2.50) 18.3[17.5-19.2] 8.84 | 22.1 0.066
YES 19.8 (2.04) 19.9 [19.3 - 20.3] 16.6 | 229 -

Diabetes NO 18.0 (2.61) 18.5 [17.5 - 19.6] 8.84 22.9 0.75
YES 18.8 (1.85) 18.6 [17.9-19.2] 16.6 | 22.1 -

Sickle  cell disease NO 18.1 (2.54) 18.4[17.5 - 19.6] 8.84 | 229 0.66
YES 18.9 (-) 18.9[18.9 - 18.9] 18.9 18.9 -

Drug NO 18.1 (2.55) 18.4 [17.5 - 19.4] 8.84 22.9 0.25
YES 19.6 (0.636) 19.6 [19.3 - 19.8] 19.1 20.0 -

Dyslipidemia NO 17.9 (2.69) 18.4[17.1 -19.2] 8.84 | 229 0.24
YES 19.0 (1.55) 19.4[17.8 - 20.4] 16.7 20.9 -

HTA NO 17.5 (2.76) 18.2[17.5-19.0] 8.84 | 209 0.14
YES 19.0 (1.95) 18.8 [17.8 - 20.3] 15.7 22.9 -

Migraine YES 18.4 (2.17) 18.6 [16.7 - 19.7] 12.4 22.9 0.71
NO 17.7 (3.01) 18.4[17.6-19.1] 8.84 | 20.5 -

. NO 18.4 (2.21) 18.5[17.5 - 19.6] 124 | 229 0.78
Sedentary lifestyle YES 17.6 (3.33) 18.5 [17.0- 19.3] 884 | 204 | -

Smoking NO 17.7 2.61) 18.2[16.7 - 19.2] 8.84 | 22.1 | 0.024
YES 19.6 (1.53) 19.4 [18.7 - 20.3] 17.7 22.9 -

Analysis of blood test parameters based on serum difference was found for triglycerides, with a p-value of
magnesium levels showed lower values in cryptogenic IS <0.005 (Table 3).

patients with hypomagnesemia. A statistically significant

Table 3: Evaluation of biological factors based on plasma magnesium levels in patients with cryptogenic IS

Hypomagnesemia NO (n = 24) Hypomagnesemia YES (n = 16) p
Age (mean + SD) 49.6 (11.9) 43.1 (11.3) 0.089
ALT (mean + SD) (IU/L) 24.8 (23.6) 26.9 (25.6) 0.93
ASAT (mean % SD) (IU/L) 33.1(15.8) 36.0 (16.3) 0.42
Total cholesterol (mean + SD) (g/L) 2.08 (0.840) 1.81 (0.388) 0.44
Creatinine (mean * SD) (mg/L) 7.59 (1.70) 7.20 (1.35) 0.45
GGT (mean + SD) (IU/L) 64.1 (62.8) 55.7 (54.5) 0.93
HDL-c (mean + SD) (g/L) 0.45 (0.115) 0.47 (0.156) 0.4
LDL-c (mean + SD) (g/L) 1.12 (0.610) 0.95 (0.226) 0.76
Magnesium (mean + SD) (mg/L) 19.6 (1.20) 16.1 (2.51) <0.001
PAL (mean + SD) (IU/L) 59.2 (21.5) 61.1(21.7) 0.73
Triglycerides (mean + SD) (g/L) 0.96 (0.461) 0.73 (0.228) <0.005
Urea (mean + SD) (g/L) 0.24 (0.161) 0.20 (0.0918) 0.56
Pearson correlation tests were used for variables following a HDL cholesterol (p = 0.63), or total cholesterol (p = 0.59).
normal distribution, while Spearman's test was applied for However, a significant correlation was observed between
triglycerides. The results showed that no significant triglycerides and serum magnesium (p = 0.012) (Table 4)

correlation was found with LDL cholesterol (p = 0.91), (Figure 3).

Table 4: Correlation between magnesium and biochemical parameter

Correlation coefficient p Test Correlation coefficient (95% CI)
Age 0.228 0.16 Spearman -
ALAT - 0.71 Pearson 0.0599 (-0.256; 0.365)
ASAT 0.00546 0.97 Spearman -
Total cholesterol - 0.59 Pearson 0.0884 (-0.229; 0.389)
Creatinine - 0.082 Pearson 0.279 (-0.0361; 0.543)
GGT - 0.62 Pearson 0.0817 (-0.236; 0.383)
HDL-c - 0.63 Pearson 0.0774 (-0.240; 0.380)
LDL-c - 0.91 Pearson 0.0188 (-0.294; 0.328)
PAL - 0.78 Pearson 0.0462 (-0.269; 0.353)
Triglycerides 0.393 0.012 Spearman -
Urea 0.177 0.27 Spearman -
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Fig 3: Correlation line between magnesium and triglycerides

Discussion

Stroke is now a major health problem in developing
countries. This study is part of research into biological
markers of predisposition to stroke. The overall objective
was to evaluate plasma magnesium levels in subjects who
had suffered cryptogenic ischemic stroke.

Our results showed that cryptogenic ISUs occur at an earlier
age compared to other subtypes of ISUs, with a mean age of
47 years. This result is similar to that found by Hajar et al.,
who reported a mean age of 46 years. It is also close to that
found in studies by Mathieu Zuber et al. and Putala J et al.,
which confirmed that more than 40% of cryptogenic AF
occur in subjects under the age of 50 ['*161, However, a
study conducted in France found a slightly higheraverage
age of 57 £7.13 years ['"], In developed countries, IS occurs
10 to 20 years later, according to studies conducted in Japan
and Norway ' 1% This disparity seems to be linked to
higher life expectancy in industrialized countries and to
etiological factors that contribute to the occurrence of
stroke. Furthermore, the relatively young age of our
population could reflect an under-identification of embolic
causes (such as paroxysmal atrial fibrillation) or rare causes
(patent foramen ovale, arterial dissection), which are often
overlooked due to a lack of advanced diagnostic tools.
Several authors emphasize the need for a thorough
etiological assessment in young subjects, particularly
through prolonged cardiac monitoring or transesophageal
echocardiography 2!,

The gender distribution in our study showed a male
predominance (57.5% vs. 42.5%), with a sex ratio of 1.35.
This result is comparable to that obtained in a study
conducted by Boyer et al., which reported a male
predominance of 56% [!. This male predominance is
regularly found in the literature. According to the study by
Yaghi et al., men are more exposed to IS, which could be
explained by vascular risk factors that manifest earlier in
men, particularly smoking, dyslipidemia, and uncontrolled
hypertension 2!, In addition, a systematic review by Ntaios
et al. also confirmed this male trend in the majority of
cohorts of patients with IS 2. In our study, patients with
cryptogenic stroke had classic cardiovascular risk factors,
including hypertension (45%), dyslipidemia (22.5%), and
diabetes (15%). These frequencies are significantly lower
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than those observed in patients with stroke of known cause,
suggesting that cryptogenic IS may occur in the absence of a
typical cardiovascular risk profile. This finding is consistent
with the literature, which shows that cryptogenic IS often
affects younger individuals with no apparent major
comorbidities 201,

Biologically, our analyses revealed a decrease in HDL
cholesterol and an increase in triglycerides, with no marked
differences in total cholesterol and LDL cholesterol. These
trends suggest a pro-atherogenic metabolic environment,
which is typical of the silent metabolic profile 4. Urea
appeared to be the only parameter that differed significantly
between the groups (p = 0.007), with a higher value in
strokes with a determined cause. This elevation could reflect
impaired renal function or a more pronounced catabolic
state in these patients 2!,

Furthermore, this study showed that 40% of cryptogenic
SCA subjects were hypomagnesemia, compared to 46% of
SCA subjects with a known cause. This confirms a notable
prevalence of hypomagnesemia in cryptogenic IS (24.65%).
This result could be explained by the importance of
magnesium in the body. It acts as a vasodilator, an
inflammation regulator, an oxidative stress moderator, and a
stabilizer of cardiac ion channel. A prospective meta-
analysis of more than one million participants showed that a
100 mg/day increase in dietary magnesium was associated
with a 7% reduction in the risk of stroke (RR 0.93; CI 0.89-
0.97) 281 Chronic magnesium deficiency could therefore
increase the risk of stroke through several mechanisms
(inflammation, endothelial dysfunction, oxidative stress,
electrolyte imbalances, and thrombotic diathesis) 271,

During the evaluation of clinical and biological parameters
based on serum magnesium levels in patients with
cryptogenic  ischemic  stroke, we observed that
hypomagnesemia subjects had a more pronounced tendency
toward hypertension (37.5%) and diabetes (12.5%),
although the differences did not reach statistical
significance. However, these data should not be overlooked,
as the simultaneous presence of these factors, even at low
intensities, increases overall cardiovascular risk. Indeed,
several studies have shown that hypomagnesemia can
precede the onset of traditional risk factors, acting as a
trigger or aggravating factor 1. Song et al. reported that
insufficient dietary magnesium intake is associated with an
increased incidence of type 2 diabetes and metabolic
disorders *!. In addition, magnesium deficiency promotes
arterial stiffness and abnormal vascular reactivity, two
mechanisms involved in hypertension 3.

Patients with decreased magnesium levels had significantly
more frequent LDL hypercholesterolemia (41.7% vs. 6.25%,
p = 0.0361). This observation is consistent with Spanish
studies by Barragin er al. showing an association between
magnesium and LDL cholesterol (association p = 0.002),
although no clear link was found with triglycerides or HDL
cholesterol B!, In addition, Liu et al. found a significant
association between hypomagnesemia and dyslipidemia in
general (TC, LDL, HDL, TG) ?4. This relationship is
corroborated by the meta-analysis by Simental Mendia et
al., which shows that magnesium supplementation can
improve the lipid profile, particularly by reducing LDL
cholesterol and triglycerides *%. In our population, the
significant ~ correlation  between  triglycerides and
hypomagnesemia (p = 0.012) further supports this finding.
Hypomagnesemia could contribute to silent metabolic
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dysregulation, which, in the absence of classic factors
(atherosclerosis, atrial fibrillation), would promote a stroke
of thromboembolic or microangiopathic origin.

Magnesium is an essential cofactor for enzymes such as
lecithin-cholesterol acyltransferase (LCAT), which is
involved in HDL metabolism 3, Magnesium deficiency
also leads to increased oxidative stress, chronic
inflammation, and insulin resistance, three key factors in
dyslipidemia. Population studies confirm that dietary
magnesium intake significantly reduces the risk of stroke,
heart failure, diabetes, and thus mortality %!, What makes
the impact of hypomagnesemia particularly concerning in
the context of cryptogenic stroke is its independence from
traditional risk factors. In a multicenter study (Kieboom et
al., 2016), moderate hypomagnesemia was associated with
an increased risk of cardiovascular events, including stroke,
even after adjusting for conventional factors 34!,

Conclusion

In the specific context of cryptogenic IS, where
conventional causes are absent or not very pronounced,
hypomagnesemia emerges as a potential cardiovascular risk
factor, contributing to a silent metabolic imbalance. It could
be considered both a predictive marker and a therapeutic
target in the secondary prevention of these events.
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