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Abstract

compared to a population without ischemic stroke.

calcium, and uric acid levels.

was not significantly predictive of ischemic stroke.

Background: Associations between serum phosphorus level and the incidence of ischemic stroke are not clear.
This study aimed to measure serum phosphorus, vitamin D3, and uric acid levels in ischemic stroke patients

Methods: In this cross-sectional study, 133 patients admitted to a neurology ward with the diagnosis of ischemic
stroke were compared with a control group comprising 133 age- and gender-matching individuals. The presence of
ischemic stroke was confirmed by a neurologist based on clinical signs, symptoms, brain CT scan, and MRI. Blood
samples were taken from all patients in the first 24 h of admission to measure serum phosphorus, vitamin D3,

Results: According to the results of this study, uric acid medians in patients with stroke and controls were
49 [3.8-6.4] and 3.9 [3.5-4.9] mg/dL, respectively (p <0.001). Median phosphorus and vitamin D levels were
significantly lower in stroke patients than the controls (3.6 [3.02-4.21] vs. 4.2 [3.8-4.6]) and (15.1 [8.2-27.9]
vs. 22.7 [10.4-39.2]), respectively. Multiple logistic regression analysis showed that the ischemic stroke was
positively associated with the vitamin D level and negatively correlated with the uric acid level. The phosphorus level

Conclusion: Lower serum levels of vitamin D3 and higher levels of uric acid were associated with ischemic stroke.
There are still unknowns about the role of these indicators on ischemic stroke and it requires further studies.
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Introduction

Cerebrovascular accident (CVA) is noted as the second
cause of mortality, especially in the elderly population
[1]. The main risk factors for CVA are pre-existing heart
diseases such as coronary artery disease and atrial fibrilla-
tion, hypertension, dyslipidemia, diabetes mellitus, smoking,
and 65 years of age or older [2]. Some biochemical factors
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and circulating molecules have been introduced as risk fac-
tors for vascular diseases. For example, a recent experimen-
tal study reported higher serum phosphorus levels as a risk
factor in the pathogenesis of the vascular disease [3]. Also-
Some other investigations propose the possibility that
serum phosphorus concentrations within the reference
limit may affect the risk of coronary vascular disease in the
general population [4, 5]. In contrast, some other studies
report the association between serum phosphorus levels
and heart stroke with controversial results [4, 6-9]. How-
ever, these studies had no data on the levels of possible
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mediating factors such as vitamin D levels. Higher serum
phosphate has been correlated with increased fibroblast
growth factor-23 (FGF-23) activity [10]. Moreover, FGF-23
suppresses serum levels of 1, 25-vitamin D3 by inhibiting
the enzyme CYP27B1 (which converts 25-hydroxyvitamin
D to 1, 25-dihydroxyvitamin D) [11]. On the other hand,
vitamin D insufficiency may activate parathyroid for releas-
ing of parathyroid hormone [12] which was reported to
elevate serum uric acid levels [13, 14], although the exact
mechanism is not clearly understood.

While the role of vitamin D deficiency and calcium-
phosphate abnormalities in the incidence of CAD and
CVA has been investigated in some studies, separatly
[15-19], to our knowledge, the relation between the
serum phosphorous level and other vascular diseases
such as ischemic stroke is not well recognized. Accordingly,
we investigated serum levels of phosphorus and some pos-
sible mediating factors such as calcium vitamin D3, and
uric acid all together in patients with ischemic stroke com-
pared to a population without stroke population.

Materials and methods

The protocol of this case-control study was approved by
the Human Research Committee affiliated with Birjand
University of Medical Sciences (identifier: ir.bums.
REC.1395.117). The participants were recruited from the
patients admitted to a referral hospital in eastern Iran
(Vali-Asr hospital, Birjand city, South Khorasan prov-
ince, Iran) between June 2016 to April 2017. A total of
133 patients with ischemic stroke were enrolled as the
case group, who were compared with 133 age- and
gender-matching subjects without ischemic stroke ad-
mitted for cataract surgery as the controls. Participants
in the control group had no history of atherosclerotic,
thrombotic, or rheumatic vascular diseases. To exclude
the embolic causes of stroke, all the patients underwent
transthoracic echocardiography and electrocardiogram.
All the participants signed an informed consent form. A
neurologist confirmed ischemic stroke using radiological
modalities, including brain CT scan or brain MRI. All
ischemic stroke patients underwent a carotid Doppler
ultrasonography using the L5-13 transducer (Medison
Accuvix V10 ultrasound system). Blood samples were
taken from all patients in the first 24 h of admission to
measure serum phosphorus, calcium, uric acid and
vitamin D3(OH) levels, with the latter being the best in-
dicator of circulating vitamin D. The severity of stroke
on admission quantified by the National Institutes of
Health Stroke Scale (NIHSS) to determine the associ-
ation of different variables with stroke severity.

Serum vitamin D3 was measured by Elisa Reader
(ERBA company, Germany) and serum phosphorus, cal-
cium, and uric acid were measured by Auto-analyzer
(ERBA company, Germany).
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Data analysis was performed using IBM SPSS Statistics
software, Version 19 (IBM Corporation, USA). Data
were reported as mean + SD. The Kolmogorov-Simonov
test was used to test the normal distribution of numer-
ical variables. The Student T-test or Mann-Whitney test
compared the two groups in terms of continuous vari-
ables. Spearman correlation coefficient was used to in-
vestigate the relationship between quantitave variables.
Significant variables (p-value < 0.1 in the univariate ana-
lysis, T-test, or Mann-Whitney test) were included in
the multiple logistic regression model.

Results

Of the total 266 participants, 51.1% were female, and
their mean age was 66.15 + 11.43 years (range: 40-95
years). Of them, 133 had ischemic stroke and 133 were
without ischemic stroke. The mean age of the partici-
pants was not statistically different between the two
groups (67.52 + 12.21 vs. 65.78 £ 7.40, p = 0.08). In stroke
patients, 70 (52.6%) participants were male, and 63
(47.4%) were female; in the control group, 60 (45.1%)
were male and 73 (54.9%) were female, with no statistically
significant difference between the groups (x2=1.51, p=
0.22). The mean NIHSS in stroke patients was 11.47 +
7.08 with median [inter quartile range] 9.00[5.75-18.00].

Patients in the stroke group showed lower phosphorus
and vitamin D levels than the control group (3.6 [3.02—
4.21] vs. 4.2 [3.8-4.6], p < 0.001) and (15.1 [8.2—27.9] vs.
22.7 [10.4-39.2], p=0.004), respectively. The median
[IQR] of uric acid in the case and control groups were
4.9 [3.8-6.4] and 3.9 [3.5-4.9], respectively, with a statis-
tically significant difference between the groups (p <
0.001). Calcium in the stroke group was lower than in
the control group (9.27 [8.6-9.9] vs. 9.5 [9.1-9.8]); how-
ever, the difference was not statistically significant
(Table 1).

In the case group, there was a positive correlation
between vitamin D and phosphorus levels (rho = 0.31,
p<0.001). In addition, the phosphorus level had a
non-significant correlation with uric acid (rho = 0.06,
p=0.64) and calcium levels (rho=0.03, p=0.78). In
the patients without ischemic stroke, there was a
negative correlation between calcium and phosphorus
levels (rho=-0.19, p=0.03), phosphorus and uric
acid levels (rho =0.33, p =0.004), and phosphorus and
calcium levels (rho = 0.26, p = 0.03).

In the stroke patient group, there was a non-significant
negative spearman correlation between phosphorus and
right- and left-side carotid intima-media thickness ((rho =
-0.18, p =0.14) and (rho = - 0.05, p = 0.67)).

In diabetic patients with stroke, the mean level of
phosphorus was significantly lower than in diabetic con-
trol group (4.01 + 0.89 vs. 4.40 + 0.35, p = 0.039).
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Table 1 Comparison of serum-derived variables in ischemic stroke and control groups
Variables Total Ischemic Stroke group control group test Result
Age (years) 66.65 = 9.80 67.52+12.21 65.78 £7.40 T=126,p=008
Gender
Male 130(48.8%) 70(52.6%) 60(45.1%) Xx2=151,p=022
Female 136(51.2%) 63(47.4%) 73(54.9%)
Calcium (mg/dl) 4 [8.9-9.8] 9.27 [8.6-9.9] 9.5 [9.1-9.8] /=148, p=014
Phosphorus (mg/dl) 0 [3.4-4.5] 3.6 [3.02-4.21] 4.2 [3.8-4.6] /=548, p<0.001
Uric acid (mg/dl) 4 [3.5-5.6] 4.9 [3.8-64] 3.9 [3.5-49] Z=484,p <0001
Vitamin D (ng/ml) 18.3 [9.2-33.5] 15.1 [8.2-27.9] 22.7 [104-39.2] /=285, p=0.004
TG (mg/dl) 114.5[75.7-166.0] 110.5[64.7-163.0] 122.5[84.5-177.5] Z=223,p=003
FBS (mg/dl) 89.5[79.7-100.0] 97.0[81.7-125.2] 85.5[76.0-91.7] Z=3.84,p <0001
LDL (mg/dl) 111.0[91.0-136.0] 97.0[81.5-119.2] 124.5[103.5-150.2] Z=459, p<0.001
HDL (mg/dl) 38.0[33.0-45.0] 36.5[30.7-42.2] 42.0[34.2-49.7] /=340, p<0.001

Values represent medians [interquartile range]

The relationship of uric acid with TG, LDL, HDL and
FBS were not statistically significant in two studied
groups (Table 2). In stroke patient, the results spearman
correlation showed that there is a significant positive
relationship between blood uric acid levels and NIHSS
(rho=0.52, p=0.01). Also, there was a significant
negative relationship between phosphorus and NIHSS
(rho = -0.48, p =0.02). But, there was not a significant
relationship between VitD levels and NIHSS (rho =
0.19, p = 0.41).

Multiple logistic regression analysis model proposed
two factors as significant predictors in stroke patients in-
cluding vitamin D [OR (95% CI):0.98(0.96-0.99), p =
0.007] and uric acid [OR (95% CI):1.48(1.25-1.76), p <
0.001] after adjusting for hyperlipidemia, diabetes, hyper-
tension, cigarette smoking, and addiction (Table 3).
Based on the results of this study, sensitivity, specificity,
and area under the curve for multiple logistic regression
model were 60.9, 759, and 70.3%, respectively. The
Hosmer-Lemeshow goodness of fit test confirmed the
model (x2 = 15.35, p = 0.06).

Discussion

Results of the current study showed that serum phos-
phorus levels were not significantly predictive of ischemic
stroke. Consistent with our results, one meta-analysis cov-
ering 32,608 patients from five studies showed that there
was no relationship between serum phosphorus level and
vascular diseases [20]. Another study with a 3.9-year
follow-up of 3437 patients undergoing hemodialysis

reported that a lower serum phosphorus level can cause
ischemic stroke and that a higher phosphorus level can
cause hemorrhagic stroke. The mechanism is that a higher
level of phosphorus triggers inflammatory cytokines and
ruptures atherosclerotic lesions, similar to mechanisms
that cause coronary artery disease (CAD) [19]. Conditions
such as end-stage renal disease put patients in higher
serum phosphorus level in the long term. An elevated
level of serum phosphorus increases inflammatory cyto-
kines [21], while a restricted phosphorus intake can
decrease inflammatory cytokines. A follow-up study
showed that higher serum phosphorus levels could in-
crease the risk of CAD-associated mortality in patients
with chronic kidney disease in CKD- and CAD-free
healthy population [22].

Some studies have considered a role for higher serum
phosphorus levels in the pathogenesis of calcified coron-
ary atherosclerotic plaques in young adults and the eld-
erly population [23, 24]. Two studies showed that higher
serum phosphorus could increase carotid intima-media
thickness [25, 26]. However, our study showed that there
is a non-significant negative relation between serum
phosphorus level and carotid intima-media thickness on
both sides of the neck. Overall, these contradictory re-
sults propose that the role of serum phosphorus level in
the incidence of vascular diseases, especially ischemic
stroke, is unclear and warrant further studies.

A major source of serum phosphorus is diet. The kid-
ney is the primary site of serum phosphorus regulation.
Traditionally, the parathyroid hormone is assumed to

Table 2 The relationship between uric acid and TG,LDLHDL,TC and FBS in two groups study

HDL FBS

Group Variable TG LDL
Ischemic Stroke Uric acid rho=-001,p=09
Control Uric acid rho=-0.02p=087

rho=-0.007, p=0.95
rho =0.05,p = 0.65

rho=-0.03,p=0.79 rho =0.13,p =027
rho =0.06,p = 0.63 rho=-0.09p =043
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Table 3 Multiple logistic regression analysis to predict ischemic
stroke as per the studied variables

Variable B (SE) OR (95% ClI) p-value
Phosphorus (mg/dl) —0.02 (0.07) 0.97 (0.84-1.13) 0.77
Uric acid (mg/dl) 0.39 (0.08) 148 (1.25-1.76) <0.001
Vitamin D (ng/ml) —0.02 (0.007) 0.98 (0.96-0.99) 0.007

regulate serum phosphorus, calcium, and vitamin D
levels; however, recent studies propose a novel system
that tightly controls the serum levels of phosphorus,
calcium, and vitamin D3 production, namely, FGF-23.
Increased serum phosphorus, vitamin D3, or calcium
can up-regulate FGF-23 in osteocytes. Finally, it binds to
the Klotho/FGFR1c receptor complex in tubular epithe-
lial cells in the kidneys and, in turn, induces the excre-
tion of phosphorus from the body [27, 28]. Moreover, by
stimulating 24-hydroxylase, it can decrease vitamin D3
level [27]. As an explanation for lower levels of phos-
phorus in ischemic stroke patients compared to subjects
without ischemic stroke, it should be noted that the
emergence of atherosclerotic lesions begins from child-
hood and that these atherosclerotic lesions develop into
calcified lesions with aging [29]. It is probable that the
serum phosphorus level increases in the middle age.

On the contrary, counter-regulatory mechanisms such
as decreased FGF-23 can reduce serum phosphorus,
vitamin D3, and calcium levels [30]. In addition, a lower
level of serum phosphorus has been reported in patients
with risk factors of stroke, such as hypertension and dia-
betes. Hypophosphatemia can cause glucose intolerance
and tissue insensitivity to insulin [31]. One study re-
vealed that lower serum phosphorus is accompanied by
an increased percentage of diabetes mellitus [19]. Our
study showed that diabetic patients with stroke had a
lower serum level of phosphorus than diabetic patients
of the control group.

Based on the results of this study, vitamin D deficiency
was associated with ischemic stroke. Our study also
proved the results of recent studies regarding the role of
vitamin D3 and serum uric acid level in the incidence of
ischemic stroke. A large-scale original study on 10,170
healthy individuals with 21 years of follow-up showed
that individuals with a lower level of vitamin D3 are at a
higher risk of developing ischemic stroke with a hazard
ratio of 1.36 [16]. Our study revealed that a lower serum
level of vitamin D3 was associated with ischemic stroke
at 1.02 odds ratio. The potential mechanism for the as-
sociation between vitamin D levels and ischemic stroke
is likely to be linked with the association between low
levels of 25-OH-vitD and traditional risk factors of is-
chemic stroke such as hypertension, thrombosis, and
atherosclerosis [16, 32—34]. Vitamin D3 has an import-
ant neuroprotective role through several mechanisms
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such as induction of the endogen pathway of antioxidant
system and suppression of inflammatory cytokines [15].
Also some studies has been reported that the lower
levels of 25(OH) D was associated with an increased risk
of having elevated serum uric acid which can act as an
indirect pathway [28].

Our study showed that patients with a higher serum
level of uric acid are at an increased risk of ischemic
stroke with 1.48 odds ratio. Uric acid is the result of pur-
ine nucleotide metabolism. Recent studies have revealed
that uric acid can increase inflammatory cytokines such
as C-reactive protein, IL-6, and TNF-a. Therefore, it
could have some associations with vascular diseases such
as CAD, ischemic stroke, and hypertension [35].

Study limitations

The associations presented in this study might be con-
founded by unknown factors. The results from this study
are limited by the small sample size, the lack of a cohort
to control our findings, lack of vascular risk factor his-
tory, lack of data on baseline neuroimaging.

Conclusion

This study showed that serum phosphorus levels were
not significantly predictive of ischemic stroke; however,
lower serum levels of vitamin D3 and higher levels of
uric acid were associated with ischemic stroke. There
are still unknowns about the role of these indicators on
ischemic stroke. Based on the study design of our study,
we cannot explain definitely that the elevated levels are
the risk of ischemic stroke and it requires further studies.
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