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Serum Zinc in Patients with Acute Ischemic Stroke
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Abstract

Background and Purpose: Stroke is one of the main causes of mortality and disability worldwide.
Identifying new risk factors for stroke is crucial for its prevention. The purpose of this study was
to determine whether serum zinc levels and ischemic stroke were related.

Methods: In this case-control study conducted in Shar Hospital in Slemani, Kurdistan Region,
Iraq, between July 2023 and January 2024, 83 patients who had experienced an acute ischemic
stroke and 83 age- and sex-matched controls were enrolled. Utilizing colorimetric measurement,
the serum zinc levels were determined. We compared the serum zinc levels of both groups and
sought relevant relationships between them and the other characteristics of the participants.

Results: We found that 79 out of 83 cases (95.2%) with acute ischemic stroke had low zinc levels
(<70 pg/dL). The mean serum zinc levels of the cases and controls were 49.87 + 13.43 pg/dL and
52.61 £ 19.86 pg/dL, respectively; their difference was not statistically significant (p=0.33). The
severity of strokes showed a significant inverse relationship with the levels of zinc in the serum
(r= -0.462, p<0.001); more severe strokes were associated with lower serum zinc levels.
Additionally, there was a significant inverse relationship between the age of the stroke patients and
their zinc levels (r=-0.258, p=0.02).

Conclusion: Our study did not support an association between serum zinc levels and the
occurrence of acute ischemic stroke. However, it demonstrated that zinc levels are negatively
correlated with age and stroke severity in patients with acute ischemic stroke.
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Introduction

Worldwide, stroke is the second most
common cause of death.! In addition,
acquired disability in adults is primarily
caused by stroke in most regions of the world.
Low- and middle-income nations bear the
brunt of the global stroke burden,
contributing more than 85 percent of all
stroke deaths. About 87% of strokes are
ischemic.? The traditional risk factors for
stroke are advanced age, hypertension,
diabetes  mellitus, dyslipidemia, heart
diseases, smoking, obesity, etc. Identifying
new modifiable risk factors is crucial for
prevention of stroke. Of all the trace elements
in the body, zinc is the second most plentiful.?
Zinc is a component of more than 300
enzymes and more than 1000 transcription
factors.* It plays a role in numerous
functions, including DNA synthesis, RNA
transcription, growth, development,
reproduction, maintenance of homeostasis,
proper function of the immune system, and
reduction of oxidative stress. It is believed
that approximately 31% of people around the
world are affected by zinc deficiency.’ Zinc
deficiency 1s known to cause many
symptoms and diseases, e.g. growth
retardation, gonadal hypofunction, increased
susceptibility to infections (impaired immune
function), delayed = wound  healing,
hypogeusia, hyposmia, anorexia, alopecia,
impaired glucose tolerance, depression,
ataxia, dementia, skin disorders, increased
incidence of cataracts, increased incidence of
1schemic heart disease, increased
carcinogenesis, etc.’ There is uncertainty
regarding the association between serum zinc
levels and ischemic stroke, with different
studies reporting conflicting results. A
number of studies demonstrate a link
between low blood zinc levels and ischemic
stroke, indicating that deficiency of zinc may
be a risk factor for ischemic stroke. In
addition, some studies have found a link
between zinc levels and stroke severity.>*7-1°

The vascular endothelium functions as a
barrier. It provides resistance to numerous
potentially pro-oxidant and toxic substances
in the blood. " However, when the
endothelium is injured, monocytes attach to it
as part of the repair process. These
monocytes go into the intima and, upon
taking in oxidized low-density lipoprotein
(LDL) particles, develop into lipid-laden
macrophages, or foam cells. Over time, fatty
streaks form and become atherosclerotic
plaques. It is suggested that zinc may prevent
oxidation of LDL and its uptake by
macrophages, thus protecting against
atherosclerosis. Apart from its function as an
antioxidant and stabilizer of cell membranes,
evidence suggests that zinc may protect the
vascular endothelium in some other ways as
well.'112 Tt participates in many endothelial
signaling processes, some of which are
essential for maintaining cell integrity. The
aim of this study was to investigate the
potential relationship between ischemic
stroke and serum zinc levels. It also looked
for any possible relationship between serum
zinc levels and stroke severity, as well as the
demographic characteristics of the patients.

Patients and methods

This case-control study was carried out in
Shar Teaching Hospital in Slemani,
Kurdistan Region, Iraq, between July 2023
and January 2024. The cases consisted of 83
patients (46 men and 37 women) diagnosed
with acute ischemic stroke on the basis of
their history, clinical examination, and CT
scan and/or MRI. Blood samples were taken
from them within 72 hours of onset of stroke.
The controls were 83 patients who presented
to the hospital for other complaints and had
never suffered a stroke. Both groups were
matched for age and sex. The study did not
include patients who were taking zinc
supplements. Depending on the average of
two readings, hypertension was defined as
a systolic blood pressure of at least 140
mmHg and/or a diastolic blood pressure of at
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least 90 mmHg, or as the self-reported use of
antihypertensive drugs by the patient. The
definition of diabetes mellitus included a
fasting blood glucose level higher than 126
mg/dL or a non-fasting glucose level
exceeding 200 mg/dL, or a patient's self-
reported usage of antidiabetic drugs.
Participants who smoked daily were
classified as smokers. Ex-smokers and those
who smoked occasionally were categorized
as non-smokers. The National Institutes of
Health Stroke Scale (NIHSS) was used to
measure the severity of stroke. The
participants, or their families in the event that
they were unable to give consent, were asked
for their informed consent. The ethics
committee of the Kurdistan Higher Council
of Medical Specialties approved the study
protocol (REC number: 1320). Each
participant had five milliliters of venous
blood collected in a metal-free plastic tube
(royal blue-top tube) and allowed to clot at
room temperature for a period between 30
minutes and four hours. After that, the blood
samples were centrifuged to extract the
serum. The serum specimens were placed in
polypropylene Eppendorf tubes and kept
frozen at -40 °C until they were analyzed.
The analysis was carried out with
colorimetric ~ determination using  kits
purchased from LTA, Italy. The cobas ¢ 311
analyzer (Roche/Hitachi) was used. Means +
standard deviations were used to represent
continuous data, and frequencies and
percentages were used for categorical data.
To evaluate the normal distribution of
quantitative variables, the Kolmogorov-
Smirnov and Shapiro-Wilk tests were
utilized. The independent-samples t-test and
ANOVA were used to analyze continuous
variables. A chi-square test was used to
evaluate categorical variables. Correlations
between quantitative variables were assessed
using Pearson correlation. The p values were
regarded as statistically significant if they

were less than 0.05. Version 21 of SPSS was
utilized to perform the statistical analyses.

Results

In our study, we had 83 cases of acute
ischemic stroke (46 men and 37 women) and
83 age- and sex-matched controls. The
participants'  demographic  details are
displayed in Table (1). The mean age of both
groups was 65.93 £ 12.43 years. In each
group, there were 35 participants under the
age of 65 years and 48 participants aged 65
years or over. A significantly larger number
of cases had hypertension and a family
history of stroke compared to the controls (71
vs 39, p= <0.001; 23 vs 9, p=0.01,
respectively). Regarding diabetes mellitus
and smoking, we could not identify any
discernible differences between the two
groups (p= 0.332, p=1.0, respectively).

Table (1): Participants' demographic details.

Cases Controls | Total | p value
Sex:
Male, n 46 46 92
Female, n 37 37 74
Age:

65.93

6593+ | 6593 =+
Mean + SD +

12.43 12.43 12.43
< 65 years, n 35 35 70
> 65 years, n 48 48 96
Hypertension:
Yes, n 71 39 110 <0.001
No, n 12 44 56
Diabetes
mellitus:
Yes, n 33 27 60 0.332
No, n 50 56 106
Smoking:
Yes, n 12 12 24 1.0
No, n 71 71 142
Family history
of stroke:
Yes, n 23 9 32 0.01
No, n 57 67 124
Unknown, n 3 7 10
Total, n 83 83 166

The chi-square test was used. n: number. SD:
standard deviation.
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We compared the mean serum zinc levels of
the cases and the controls Table (2) and
Figure (1). Although the mean zinc level of
the cases was slightly less than that of the
controls, the difference was not statistically
significant (49.87 + 13.43 pg/dL vs 52.61 +
19.86 ng/dL, p=0.33). We found that 79 out
of 83 cases (95.2%) had serum zinc levels
below the normal range (70-115 pg/dL). On
the other hand, 71 controls (85.5%) had low
zinc levels and that difference was
statistically significant (p=0.04).

Table (2): Comparison of the serum zinc
levels of the cases and controls.

Cases Controls | Total p
value
Mean
Zin |+ SD | 4987+ | 52.61 + | 51.24+ 033
c (ng/dL | 13.43 19.86 16.43 ’
)
<
%’W( g 148
ug/dL) (95.2% (85.5%) (89.2% | 0.04
(%) | )
Norma
1701 4 12 16
pg/dL) | (4.8%) | (14.5%) | (9.6%)
, 1 (%)
Total 83 83 166
(100%) | (100%) | (100%)

The independent t-test was utilized to
compare  continuous  variables.  The
comparison of categorical variables was
conducted using chi-square test. SD: standard
deviation. n: number. %: percentage. We
used the NIHSS to assess the severity of
stroke in the cases. The NIHSS and the serum
zinc levels had a negative relationship (r= -
0.462, p<0.001). Depending on the NIHSS,
we classified the severity of stroke as minor
(1-4), moderate (5-15), moderate to severe
(16-20), and severe (21-42). We found that
18 patients had minor, 39 had moderate, 14
had moderate to severe, and 12 had severe
strokes Table (3). Significantly lower zinc
levels were seen in patients with more severe
strokes when we compared the mean serum

zinc levels of these four groups (p=0.007),
Figure (2).

60.0- P value = 0.33

55.0

52,6

< 5001

95%Cl1
H

Serum zinc levels (pg/dL)

45.0

40.0

Cases . Controls
Study participants

Figure (1): Mean serum zinc levels of the
cases and the controls. CI: confidence
interval.

Table (3): Serum zinc levels and severity of
stroke.

Zinc level
(pg/dL P
Frequency Standard | value
Mean ..
deviation
Minor 18
NIHSS 56.40 | 7.17 0.007
(1-4)
g 39
Moderate
(5-15) 50.72 | 13.92
Moderate 14
to Severe 47.73 | 14.35
(16-20)
Severe 12
(21-42) 39.83 | 12.85
83
Total 49.87 | 1343
ANOVA was used.
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Figure (2): Mean serum zinc levels of
stroke patients grouped with respect to
severity of stroke. CI: confidence interval.

When attempting to find an association
between the zinc levels of the stroke patients
and their demographic characteristics, we
found that male patients had significantly
lower zinc levels (47.26 + 12.93 pg/dL)
compared to the female patients (53.12 +
13.51 pg/dL) (p=0.047). Additionally, we
discovered that age and serum zinc levels had
a negative relationship (r= -0.258, p=0.02).
Patients aged 65 years and over had
significantly lower zinc levels (46.89 = 14.26
pg/dL) than patients under 65 (53.96 £ 11.15
pg/dL) (p=0.02). As already mentioned, zinc
levels were shown to be negatively correlated
with each of NIHSS and age, but there was
no correlation between NIHSS and age of the
cases (r=0.176, p=0.11). Moreover, no
relationship was found between the zinc
levels of the cases and their other
characteristics  (hypertension,  diabetes
mellitus, smoking, family history of stroke).
We tried to find a relationship between the
zinc levels of the controls and their
demographic characteristics, but there was no
significant association. When we grouped the
cases and the controls according to their
characteristics and compared the mean zinc
levels of the different groups with each other,

we did not find any statistically significant
difference except that the mean zinc level of
the cases with a family history of stroke was
significantly higher (52.62 + 12.92 pg/dL)
than that of the controls with a family history
of stroke (40.81 + 13.70 pg/dL) (p=0.03).
Finally, comparing the mean zinc levels of
the cases who received thrombolytic therapy
(53.73 £ 14.35 pg/dL) and those treated
conservatively (49.22 + 13.27 ug/dL), no
significant difference was seen (p=0.29).

Discussion

Oxidative stress and inflammation play
crucial roles in the development and
progression of cardiovascular diseases.'?
Zinc has antioxidant and anti-inflammatory
properties. Therefore, it has long been
thought that zinc deficiency increases the risk
of atherosclerosis and eventual
cardiovascular  disease. Yang et al
discovered that in adults without clinical
cardiovascular disease, the average carotid
intima-media thickness was greater in
individuals with a low dietary zinc intake
than in those with a high zinc intake when
using the common carotid intima-media
thickness as an indicator of subclinical
atherosclerosis.!* According to a meta-
analysis, the serum and hair zinc levels of
myocardial infarction patients were lower
than those of healthy controls.!* Preclinical
studies examining the function of zinc in
cerebral ischemia could not conclude
whether  zinc  was  neuroprotective,
neurotoxic, or both.> Low serum zinc levels
have been linked to ischemic stroke in some
studies.*”” Most of these studies were case-
control studies. Therefore, a causal
relationship could not be established. A pre-
existing deficiency may not always be the
cause of low serum zinc levels in ischemic
stroke patients; low zinc levels could be due
to mobilization of circulating zinc into the
ischemic brain tissue for antioxidant
defense.” Alkanli et al., in contrast,
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discovered that ischemic stroke patients had
higher serum zinc levels than controls.!> We
assessed the zinc levels in the serum of 83
acute ischemic stroke patients and 83 control
subjects. The mean serum zinc levels of the
two groups did not differ statistically
significantly, despite the fact that the
majority of stroke patients had low blood zinc
levels. Similarly, the mean zinc levels of
1277 cases and 1277 controls did not differ
statistically significantly, according to Wen
et al.'® Furthermore, Zhang and colleagues
did not find a significant link between plasma
zinc levels and the likelihood of experiencing
the first ischemic stroke in individuals with
hypertension.!” A prominent difference
between our study and the previous studies
that we reviewed is that the mean zinc levels
of'both the cases and the controls of our study
were below the normal range and the
majority of both groups had low zinc levels.
However, our results were similar to those of
a case-control study investigating serum zinc
levels in pregnant women with anemia in
Duhok, Kurdistan region, Iraq.!® That study
also indicated that the majority of the subjects
in both the case group and the control group
had low levels of zinc in their serum, with
their average zinc levels falling below the
normal range. Roughly 31% of people
worldwide are thought to be zinc deficient.’
A study measured serum zinc levels in a
sample of 332 healthy participants in Duhok
and found that 10% had zinc deficiency.'® In
contrast, another study recruiting 254 healthy
smoker and non-smoker men in the same city
showed that 45.4% of the participants had
zinc deficiency.?’ Al-Timimi et al. found that
57.4% of 2090 healthy participants of all age
groups had deficiency of zinc in Baghdad,
Iraq.’! We think two factors may have
contributed to the apparent discrepancy in the
results of serum zinc between some of the
studies we cited in this paper. First, it is
known that serum zinc levels can decrease
when an inflammation is present.?? Second,

contamination from laboratory equipment,
such as blood collection tubes, may falsely
elevate serum zinc levels.?*>** Royal blue-top
tubes (dark blue-top tubes) are currently
recommended for blood collection because
they are free of metals. Zinc levels and stroke
severity were found to be negatively
correlated in our study, with lower serum
zinc levels being linked to more severe
strokes. The results of Bhatt et al., Mironczuk
et al., and Kumar et al. are in line with this.
3910 However, Suleiman et al. did not find
such a correlation.® In our research, we also
found that there is an inverse relationship
between the age of stroke patients and their
zinc levels, which aligns with the findings of
Kumar et al.'® Male patients with acute
ischemic stroke were found to have
significantly lower levels of serum zinc
compared to female patients in our study.
This differs from the findings of Suleiman et
al., Mironczuk et al., and Kumar et al., as
their studies did not demonstrate a
statistically significant disparity in the serum
zinc levels between male and female patients.
8-10 Consistent with the conclusions of Kumar
et al., our investigation did not identify any
significant correlation between the zinc
levels of the stroke patients and the presence
of hypertension, diabetes mellitus, or
smoking. The relationship between serum
zinc and ischemic stroke remains unclear and
elusive. More research is needed to clarify the
function of zinc in ischemic stroke. Our study
has several limitations. One limitation is the
relatively small sample size we have.
Another limitation of this study is that it did
not recruit healthy participants for the control
group, rather it recruited patients who
presented with other diseases and had no
history of stroke. The lack of data about the
previous zinc levels of the participants was
another limitation. Despite the limitations,
our paper gives valuable insights about zinc
in ischemic stroke.
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Conclusion

Most of the patients with acute ischemic
stroke had low serum zinc levels. However,
the cases did not have a significantly different
mean zinc level compared to the controls.
The severity of stroke and serum zinc levels
were found to be significantly inversely
correlated; lower serum zinc levels were
linked to more severe strokes. Additionally, a
significant inverse relationship between the
age of stroke patients and their serum zinc
levels was discovered.
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