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Association of serum calcium levels with clinical severity of
acute ischemic stroke
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Abstract

Background: Calcium (Ca) plays an important role in
the pathogenesis of ischemic cell damage. Intracellular
Ca accumulation leads neuronal damage by triggering
the cycle of cytotoxic events, however the relationship of
serum Ca levels and the pathways involved in ischemic
injury is unclear. To investigate the effect of serum Ca on
clinical features of ischemic stroke; the association of
serum Ca levels measured in the first 24 hours with the
severity of clinical symptoms on admission and short-term
prognosis is evaluated.

Materials and methods: 158 consecutive patients who
admitted to the hospital with ischemic stroke in the first
24 hours after the onset of symptoms were enrolled to the
study. Serum total Ca levels, National Institutes of Health
Stroke Scale (NIHSS) and modified Rankin Scale (mRS)
scores on admission and mRS scores at discharge were
recorded. Patients were classified according to serum
total Ca levels into three groups and compared in terms
of stroke risk factors, etiology, severity of clinical symp-
toms on admission and short term prognosis.

Results: A total of 158 patients with acute ischemic
stroke including 84 women and 74 men were enrolled in
the study prospectively. NIHSS scores were higher in the
groupl which consist of lower Ca levels compared with
others (p < 0,05, p < 0,001 respectively), and they were
found to be higher in group 2 than group 3 (p = 0.029).
mRS scores at discharge showed no differences between
groups. Except for coronary artery disease was more
common in group 2, no statistically significant differences
were determined in terms of stroke risk factors and etiol-
0gy of stroke.

Conclusions: The results of our study reveal that lower
Ca levels may be associated with more severe clinical
symptoms on admission in acute stroke patients.
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Introduction

Calcium (Ca) plays an important role in the patho-
genesis of ischemic cell damage. Intracellular Ca

accumulation lead to neuronal damage by triggering
the cycle of cytotoxic events. Although the relation-
ship of serum Ca levels and the pathways involved
in cell death in acute cerebral ischemia remains un-
clear; clinical studies suggest that serum Ca levels
may be associated with severity of clinical symp-
toms, prognosis and infarct volume (9, 10, 17, 18).
In this study, we evaluated the clinical and prognos-
tic significance of serum Ca levels obtained within
24 hours of stroke onset.

Materials and methods

158 consecutive patients who were admitted to the
hospital within 24 hours of stroke onset were
enrolled in the study. All the patients were over the
age of 18 and ischemic stroke was diagnosed with
computed brain tomography or diffusion magnetic
resonance imaging. Risk factors for cerebrovascular
disease as hypertension, hypercholesterolemia,
diabetes mellitus, coronary artery disease, atrial
fibrillation, valvular heart disease, prior transient
ischemic attacks or stroke were recorded. Systolic
blood pressure 140 mmHg or higher, diastolic blood
pressure 90 mmHg or higher or both, was diagnosed
as hypertension. Cholesterol levels higher than
200 mg/dl were considered to be hypercholes-
terolemia. The diagnosis of diabetes mellitus was con-
firmed with the use of antidiabetic agents prior to
stroke or fasting blood glucose higher than 120 mg/dl.
Hematological and biochemical laboratory tests,
electrocardiography, echocardiography and carotid-
vertebral artery color Doppler ultrasonography of
patients were performed. Etiological classification
of patients was done according to Trial of Org 10172
in Acute Stroke Treatment (TOAST) criteria (5). Na-
tional Institutes of Health Stroke Scale (NIHSS),
modified Rankin Scale (mRS) scores on admission
and mRS scores at discharge were recorded. Patients
were divided into three groups according to their
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serum total calcium levels and stroke risk factors,
etiology, clinical symptoms on admission and short-
term prognosis were compared within groups.

Statistical analysis

Data analysis was performed in SPSS for
Windows 11.5 packet program. Continuous vari-
ables were shown as mean + standard deviation,
ordinal variables were shown as the median
(minimum-maximum) and nominal variables were
shown as the number of cases and percentage.
Calcium levels were divided into three groups by
using weighted average. As the significance of the
differences in terms of mean values was assessed by
one-way variance analysis, the significance of the
differences of the median values was analyzed by
Kruskal Wallis test. In case of the result of Kruskal
Wallis test is found to be significant, non-parametric
multiple comparison test was used in order to deter-
mine the group or groups that caused significant dif-
ference. Nominal variables were evaluated with
Pearson chi-square or Fisher's exact chi-square test
results. The results were considered statistically sig-
nificant for p < 0.05.

Results

A total of 158 patients with acute ischemic stroke
including 84 women and 74 men were enrolled in
the study. The mean duration of the patients’ hospital
stay was 8.96 (3-42) days. The patients were divided

into three groups according to serum total Ca levels.
Patients with Ca < 4,3 mEq/l were included in group
1, Ca levels between 4,4 and 4,7 mEq/l were in-
cluded in group 2, and Ca = 4,8 mEq/l were included
in group 3. (Reference laboratory value of serum
total Ca is between 4,3 and 5,2 mEq/l). In group 1,
there were more women patients than group 2 and
3. Coronary artery disease was more common in
group 2 than group 3. No statistically significant
difference was determined in terms of other stroke
risk factors between the groups. Table 1 displays the
demographic characteristics of patients and risk
factors for stroke according to calcium levels. No
statistically significant difference was determined in
terms of etiology of stroke. NIHSS scores on admis-
sion were higher in groupl than group 2 and 3
(p<0,05, p<0,001 respectively), and they were
found to be higher in group 2 than group 3 (p =
0,029). While the mRS scores on admission were
higher in group 1 than group 2 and 3, the mRS scores
at discharge showed no difference between groups.
Etiology of stroke, NIHSS and mRS scores on
admission, and the mRS scores at discharge by Ca
levels are shown in table 2.

Discussion

There are a few clinical studies which looked at
the prognostic significance of serum Ca levels in
acute stroke patients (1, 3, 4). Serum Ca values were
found to decrease in patients with cerebral infarction
and lower total serum Ca levels were detected in

Table 1
Demographic characteristics of patients and risk factors for stroke according to calcium levels
Group I (n =49) Group II (n =59) Group III (n = 50) p
Ca <43 mEq/l Ca 4.4-4,7 mEq/l Ca=4,8 mEq/l
Age 683+119 67,1 £108 654 +10,0 0415°
Woman sex 34 (%69 4)¢ 28 (%47.5) 22 (%44 .0) 0,022°
Hypertension 31 (%63.3) 46 (%780) 31 (%62.,0) 0,133
Diabetes mellitus 13 (%26.5) 19 (%32.2) 12 (%24.0) 0,616
Hypercholesterolemia 21 (%42.9) 25 (%42 4) 21 (%42 ,0) 0,996°
Prior TIA*/stroke 16 (%32.,7) 19 (%32.,2) 14 (%28.0) 0,855°
Coronary artery disease |13 (%26,5) 26 (%44,1) 12 (%24 0) 0,048°
Valvular heart disease 9 (%184) 5 (%8.5) 2 (%40) 0,052°
Atrial fibrillation 9 (%184) 12 (%20.3) 10 (%20,0) 0,384°

* One-way variance analysis.
® Pearson Chi-Square test.

¢ Difference between Group I and Group 11 is statistically significant (p = 0,022).
¢ Difference between Group I and Group III is statistically significant (p = 0,011).
* Difference between Group II and Group Il is statistically significant (p = 0,028).

* Transient ischemic attack.
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Group [ (n =49) Group II (n =59) Group III (n = 50) p
Ca=<4,3 mEq/l Ca44-4,7 mEq/l Ca=4.8 mEq/l
Etiology
Large vessel disease 14 (%28.,6) 13 (%22,0) 17 (%34.,0) 0,378
Small vessel disease 6 (%12,2) 17 (%28.8) 11 (%22,0) 0,113¢
Cardioembolic 21 (%42.9) 22 (%37.3) 17 (%34 .0) 0,656°
Other - - 1 (%2,0) -
Unknown 8 (%16,3) 7 (%11,9) 4 (%8,0) 0,444
Admission NIHSS 7 (1-17)¢ 5(2-17) 3 (1-16)% <0.001°
Admission mRS 5 (1-6) 3 (1-6) 3 (1-6)° <0.001°
Discharge mRS 3(0-7) 3(1-7) 3 (0-6) 0.144°

* Pearson Chi-Square test
" Kruskal Wallis test.

¢ Difference between Group I and Group Il is statistically significant (p < 0,05).
¢ Difference between Group I and Group III is statistically significant (p < 0,001).
¢ Difference between Group II and Group III is statistically significant (p = 0,029).

patients who died during hospitalization compared
with survivors (1). It is also reported that higher total
serum Ca values detected on admission in acute is-
chemic stroke patients were associated with smaller
cerebral infarct volumes (2). Ovbiagele and col-
leagues found that higher total serum Ca values
measured in the first 24 hours were associated with
lesser severity of the stroke and better functional
prognosis at discharge (3). In their later study they
also reported that total serum Ca levels in a very
early period of ischemic stroke (< 4.5 hour) did not
have prognostic significance, but higher serum Ca
levels 72-96 hours after stroke were associated with
better clinical outcomes in the third month (4).

The results of our study reveal that lower total
serum Ca values measured in the first 24 hours of
ischemic stroke are associated with more severe clin-
ical findings. But we couldn’t define any association
between calcium levels and short-term prognosis.
Although small vessel disease is found to be less
often in lower Ca group, we couldn’t define any
statistically significant differences between the
groups in terms of stroke etiology.

In cell death due to central nervous system
ischemia, it is known that there are many mecha-
nisms take place as excitotoxicity, oxidative stress,
apoptosis and necrotic cell death. Each of these
mechanisms requires cation entry to neural cells. Un-
controlled entry of calcium into cells triggers
necrotic and apoptotic cell death (6). Until recently,
it has been accepted that calcium influx into the cell
via NMDA receptors was the main pathway for

delayed cell death and excitotoxicity associated with
ischemia (6, 7). However it has been demonstrated
that other pathways such as transient receptor poten-
tial (TRP) channels and non-selective cation (NC)
channels which cause an ionic imbalance may be up-
regulated during ischemia and play a role in Ca-
mediated neuronal death (6, 8). Restoring extra-
cellular Ca following a period of lower Ca concen-
trations is known to cause a paradoxical increase in
intracellular Ca levels. It is suggested that TRP chan-
nels were likely to contribute to both Ca paradox and
delayed neuronal death following ischemic stroke
(6, 7). Entry of Ca into cells through NMDA recep-
tors and voltage-dependent Ca channels potentially
reduces the extracellular Ca and this reduction
causes disinhibition of the Ca-sensing non-selective
channel current (I .nsc) and to further membrane de-
polarization and more Ca influx (7). On the other
hand, as the extracellular pH decreases during
ischemia, the acid-sensing ion channels (ASIC) are
activated. ASIC activation is promoted by stretching
of membrane, release of arachidonic acid, produc-
tion of lactate or decrease in extracellular Ca con-
centration in conditions that occur in neurons
subjected to ischemia and leads to Ca influx (6, 7,
9). Moreover, it is suggested that subtle increase in
extracellular Ca may effects intracellular second
messengers by Ca-sensing receptors (CaR) and may
start antiapopitotic pathway. With the demonstration
of CaR protein expression, it is also suggested that
Ca is not only an intracellular second messenger as
regarded before, but also may act as an external
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ligand and the extracellular Ca may be an important
first messenger (10-12).

Besides the hypothesis that serum Ca level exerts
a primary effect on ischemic stroke, serum Ca
decrease may reflects a response to the presence of
tissue ischemia. Cerebral ischemia causes at least
temporary depletion of extracellular Ca because of
Ca influx and intracellular Ca accumulation (13, 14).
But it is not clear whether the magnitude and
temporal course of this decrease is sufficient to
account for the lower Ca levels observed in patients
with infarction (2-4).

In experimental studies a significant decrease in
histological damage due to ischemia is observed in
rats treated with Ca infusion (15), and a reduction in
stroke mortality is defined after Ca supplementa-
tion (16). Epidemiological studies evaluating the
association between calcium and stroke risk factors
and stroke incidence were done as well as experi-
mental studies. High dietary intake of Ca has been
associated with reduced risk of stroke (17-19). In ad-
dition to hypotensive effect of Ca (20-22), it is also
suggested that Ca reduces platelet aggregation (23)
and lowers plasma cholesterol levels (24, 25). Inter-
estingly, the role of serum Ca is not only limited to
ischemic stroke as a clinical prognostic factor. It has
been reported that hypocalcaemia is associated with
more severe disease and high mortality in many
diseases, particularly in critical illnesses (26, 27).

Our study may have limitation, because we
measured total Ca levels rather than ionized or
albumin-corrected serum Ca levels. A previous study
that compared total Ca, ionized Ca and albumin-
corrected Ca; only the total serum Ca level was
shown to be of prognostic value for mortality in
stroke patients (1). Furthermore prognostic
significance of albumin-corrected Ca hadn’t been
demonstrated in another study (4).

The results of our study reveal that lower serum
Ca levels may be associated with more severe
clinical findings at onset in stroke patients. Serum
Ca levels may reflect the severity of ischemic injury
and may be a potential therapeutic target for improv-
ing stroke outcome.

REFERENCES

1. D’Erasmo E, Pisani D, Romagnoli S, Ragno A,
Acca M. Acute serum calcium changes in transient
ischemic attack and cerebral infarction. J Med.
1998:;29(5-6):331-337.

2. Buck BH, Liebeskind DS, Saver JL, Bang OY,
Starkman S. et al. Association of higher serum
calcium levels with smaller infarct volumes in acute
ischemic stroke. Arch Neurol. 2007;64(9):1287-1291.

3

10.

11.

12.

13.

15.

16.

17.

18.

Ovbiagele B, Liebeskind DS, Starkman S,
Sanossian N, Kim D. et al. Are elevated admission
calcium levels associated with better outcomes after
ischemic stroke? Neurology. 2006;67:170-173.

. Ovbiagele B, Starkman S, Teal P, Lyden H, Kaste M.

et al. Serum calcium as prognosticator in ischemic
stroke. Stroke. 2008;39:2231-2236.

. Adams HP Jr, Bendixen BH, Kappelle LJ, Biller J,

Love BB. et al. Classification of subtype of acute is-
chemic stroke. Definitions for use in a multicenter
clinical trial. TOAST. Trial of Org 10172 in Acute
Stroke Treatment. Stroke. 1993;24(1):35-41.

. Simard JM, Tarasov KV, Gerzanich V. Non-selective

cation channels, transient receptor potential channels
and ischemic stroke. Biochim Biophys Acta. 2007;
1772(8):947-957.

. MacDonald JF, Xiong ZG, Jackson MF. Paradox of

Ca2+ signaling, cell death and stroke. Trends
Neurosci. 2006;29(2):75-81.

. Besancon E, Guo S, Lok J, Tymianski M, Lo EH.

Beyond NMDA and AMPA glutamate receptors:
emerging mechanisms for ionic imbalance and cell
death in stroke. Trends Pharmacol Sci. 2008;29(5):
268-275.

. Xiong ZG, Chu XP, Simon RP. Ca2+ -permeable

acid- sensing ion channels and ischemic brain injury.
J Membr Biol. 2006;209(1):59-68.

Lin KI, Chattopadhyay N, Bai M, Alvarez R,
Dang CV. et al. Elevated extracellular calcium can
prevent apoptosis via the calcium-sensing receptor.
Biochem Biophys Res Commun. 1998;249(2):325-
331.

Bouschet T, Henley JM. Calcium as an extracellular
signalling molecule:perspectives on the calcium
sensing receptor in the brain. C R Biol. 2005;328(8):
691-700.

Armato U. The calcium-sensing receptor: pathophysi-
ology and pharmacological modulation. Curr Pharm
Biotechnol. 2009;10(3):268-269.

Kristian T, Gido G, Kuroda S, Schiitz A, Siesjo BK.
Calcium metabolism of focal and penumbral tissues
in rats subjected to transient middle cerebral artery
occlusion. Exp Brain Res. 1998;120(4):503-509.

. Ovbiagele B, Kidwell CS, Starkman S, Saver JL.

Neuroprotective agents for the treatment of acute
ischemic stroke. Curr Neurol Neurosci Rep. 2003;
3:9-20.

Blair J, Warner DS, Todd MM. Effects of elevated
plasma magnesium versus calcium on cerebral
ischemic injury in rats. Stroke. 1989;20:507-512.
Peuler J, Schelper RL. Partial protection from salt-
induced stroke and mortality by high oral calcium in
hypertensive rats. Stroke. 1992;23:532-538.

Iso H, Stampfer MJ, Manson JE, Rexrode K,
Hennekens CH. et al. Prospective study of calcium,
potassium and magnesium intake and risk of stroke
in women. Stroke. 1999;30(9):1772-1779.
Umesawa M, Iso H, D, Ishihara J, Saito I, Kokubo Y.
et al. Dietary calcium intake and risks of stroke, its
subtypes, and coronary heart diseases in



19.

20.

21.

22.

23.

ASSOCIATION OF SERUM CALCIUM LEVELS 49

Japanese:The JPHC Study
2008;39:2449-2456..

Abbott RD, Curb JD, Rodriguez BL, Sharp DS,
Burchfiel CM, Yano K. Effect of dietary calcium and
milk consumption on risk of thromboembolic stroke
in older middle-aged men. The Honolulu Heart
Program. Stroke. 1996;27(5):813-818.

Witteman JC, Willett WC, Stampfer MJ, Colditz GA,
Sacks FM. et al. A prospective study of nutritional
factors and hypertension among US women.
Circulation. 1989;80:1320-1327.

Bucher HC, Cook RJ, Guyatt GH, Lang JD, Cook D1J.
et al. Effects of dietary calcium supplementation on
blood pressure. A meta-analysis of randomized
controlled trials. JAMA. 1996;275(13):1016-1022.
Allender PS, Cutler JA, Follmann D, Cappuccio FP,
Pryer J, Elliot P. Dietary calcium and blood pressure:
a meta-analysis of randomized clinical trials. Ann
Intern Med. 1996;124(9):825-831.

Renaud S, Morazain R, Godsey F, Dumond E,
Thevenon C. et al. Nutrients, platelet function and
composition in nine groups of French and British
farmers. Atherosclerosis. 1986;60(1):37-48.

Cohort 1. Stroke.

24.

25.

26.

27.

Karanja N, Morris CD, Illingworth DR,
McCarron DA. Plasma lipids and hypertension:
response to calcium supplementation. Am J Clin Nutr.
1987;45:60-65.

Jolma P, Koobi P, Kalliovalkama J, Kah6nen M,
Fan M. et al. Increased calcium intake reduces
plasma cholesterol and improves vasorelaxation in
experimental renal failure. Am J Physiol Heart Circ
Physiol. 2003;285(5):H1882-1889.

Zaloga GP. Hypocalcemia in critically ill patients.
Crit Care Med. 1992;20(2):251-262.

Zivin JR, Gooley T, Zager RA, Ryan MJ. Hypocal-
cemia: A pervasive metabolic abnormality in the
critically ill. Am J Kidney Dis. 2001;37(4):689-698.

Asli Ece Cilliler,

Diskap1 Yildirim Beyazit
Research and Training Hospital 2.
Neurology Clinic

06150 Ankara, Turkey





