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Abstract

Objectives: Essential hypertension is the most common chronic disease which is associated with an array
of long-term end-organ diseases. Clinically, it would be helpful to detect high-risk patients early in
development process of the disease, in order to avoid or delay the onset of comorbidities. The aim of our
study was to evaluate the laboratory parameters which are possibly related to the onset of Ischemic
Stroke (IS) in essential hypertension, and identify the strongest predicting laboratory parameters.
Methods: Totally 377 consecutive patients with a primary diagnosis of hypertension were recruited in
our study. These patients were categorized according to the presence of IS. Nineteen routine laboratory
parameters, such as Alkaline Phosphatase (ALP), Homocysteine (Hcy) and Fibrinogen (Fbg) were
evaluated in all subjects.
Results: Hypertensive patients have higher serum UA, ACE and HP levels than control patients. More
importantly, ALP, Hcy, Fbg, WBC and BUN levels were higher in the group with IS compared with
other groups. Three out of 19 laboratory parameters were significantly related with IS in essential
hypertension patients on backward elimination including: ALP (1.88; 95% CI: 1.38 to 2.61), Hcy (1.62;
95% CI: 1.17 to 2.25), and Fbg (1.85; 95% CI: 1.35 to 2.52).
Conclusions: According to our results, ALP, Hcy, and Fbg levels were significantly higher in patients
with IS, we suggest that the three laboratory parameters were the strongest related to onset of IS in
essential hypertension in our patient population.
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Introduction
At present, cardiovascular diseases are the main cause for
disability and mortality worldwide [1]. Hypertension is one of
the most prevalent cardiovascular diseases, and it can lead to a
variety of target organ damage, such as brain, heart, kidney,
retina, and blood vessels. Stroke is regarded as the most
devastating neurological disease, and it places a huge burden
on healthcare resources because of its high prevalence and
recurrence in China [2]. Ischemic Stroke (IS), also called
cerebral infarction, accounts for about 80%-85% of stroke
cases [3], timely diagnosis is the prerequisite for the IS
patients. Recognizing patients with subclinical IS provides the
relatively goodtime for preventing progression to obvious
complication. Currently, there is no effective method for the
identification of every newly diagnosed hypertensive patients
with subclinical IS. Moreover, previous studies are generally
focused on individual laboratory parameter. As well, it is not
known which laboratory parameters are the most strongest
associated with hypertension complicated with IS.
Accordingly, we aimed to investigate the correlation of routine
laboratory parameters in essential hypertension and the
relationship with the onset of IS.

Materials and Methods

Patients and methods
The study included 377 consecutive patients who presented to
the inpatient department of neurology of the First Affiliated
Hospital of Sun Yat-sen University with a diagnosis of
hypertension between January 2014 and June 2016. These
patients were categorized according to the presence of IS. 114
patients with IS (70 male; mean age, 66.59 ± 11.15 y) and 263
patients without IS (170 male; mean age, 65.00 ± 11.29 y)
were enrolled. Hypertensive was defined as systolic blood
pressure (BP) more than 140 mm Hg and/or diastolic BP more
than 90 mm Hg. Brain MRI with Diffusion-Weighted Imaging
(DWI) was performed routinely within 24 h after admission in
all subjects, and all patients had no the past history of IS. All
patients were diagnosed with IS according to the World Health
Organization criteria [4]. 109 healthy people matched for age
and gender were assigned to the normal control group (72
male; mean age, 66.13 ± 10.62 y). Those normal cases were
from normotensive healthy people who took part in the health
examination in our study. Records of potential controls were
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reviewed by a neurologist to exclude the presence of stroke,
and other types of diseases. The systolic and diastolic BPs of
the control group were less than 140/90 mm Hg. Exclusion
criteria: secondary hypertension, more than 24 h from IS onset
to admission, MRI could not be performed, cerebral
arteriosclerosis, cerebral haemorrhage, epileptic seizure
activity or coma, malignancy, patients with acquired
immunodeficiency syndrome, acute or chronic inflammatory
disease and any drug use that could potentially influence
hematologic disorders, hepatic dysfunction and renal
impairment. The Institutional Ethics Committee on Human
Research of The First Affiliated Hospital of Sun Yat-sen
University approved the study protocol. All subjects received
oral and written information concerning the background and
procedures of the study, and the subjects or their relatives gave
written informed consent prior to participating in the study.

Measurement of BP
In the inpatient department, BP was measured with a mercury
sphygmomanometer on the right arm; the first and fifth phases
of Korotk off sounds were used for systolic and diastolic BP,
respectively. Three BP measurements were taken at 5 minute
intervals by a physician with the patient in a seated position
after at least a 5 minute rest, using an appropriately sized cuff.
The mean of the 3 readings was considered the final BP value.

Laboratory parameters selection and measurement
We investigated 19 laboratory parameters from computerized
medical files of the subjects (Table 1), which were selected on
the basis of evidence from previous clinical studies. These
parameters were measured on baseline blood samples collected
in the morning after fasting for at least 8 hours. Participants
kept the quiet conditions for 5 to 10 minutes before
venipuncture. The parameters of whole blood sample (white
blood cell and platelet) were measured immediately with a
flow cytometry assay in a calibrated Sysmex XE-5000 analyser
(Sysmex Corporation, Hyogo, Japan). Plasma or serum
aliquots were collected and centrifuged at 3000 g for 10 min at
ambient room temperature and were then frozen at-80˚C until
assayed. The concentration of plasma markers (prothrombin
time, activated partial thromboplastin time, fibrinogen and d-
dimer) was measured with a particle-enhanced,
immunoturbidimetric assay in a calibrated Sysmex 1500
analyser (Sysmex Corporation, Hyogo, Japan). The
concentration of serum markers (glucose, uric acid,
fructosamine, free fatty acid, angiotensin converting enzyme,
haptoglobin, total cholesterol, low density lipoprotein, blood
urea nitrogen, homocysteine, alkaline phosphatase, high
sensitive C reactive protein and lipoprotein a) was measured
with the continuous monitoring assay in a calibrated Hitachi
7180 automatic analyzer (Hitachi High-Tech Science Systems
Corporation, Hitachinakashi, Japan).

Statistical analysis
Statistical analysis was performed using SPSS software,
version 20.0 (IBM SPSS Statistics). Distribution of continuous

variables was tested by the Kolmogorov-Smirnov test.
Continuous variables were expressed as means ± SD or median
and 25th to 75th percentile values as appropriate. Categorical
variables were expressed as percentages. Statistical differences
among groups were tested by one-way analysis of variance
with post hoc Scheffe correction or Kruskal-Wallis test for
parametric or nonparametric variables, respectively. We chose
a multistage analytical approach to decrease the risk of false-
positive results. Hs-CRP was log transformed, all of the
logistic regression models were adjusted for age, sex, systolic
and diastolic blood pressure, current smoking. First, we
performed multivariable logistic regression analysis to examine
the association of the total laboratory parameters with the risk
of hypertension with IS. Second, a final informative laboratory
parameters were selected by backward elimination, using
individual P<0.05 for retention in the model.

Table 1. Laboratory parameters of IS (+), IS (-), and control groups.

 Control IS (−) IS (+) P

GLU 5.92 ± 2.87 6.09 ± 2.38 6.12 ± 2.31 0.55

UA 290.82 ± 88.42 342.13 ± 103.91* 354.96 ± 133.04* <0.05

FRUC 271.55 ± 113.45 287.56 ± 103.04 274.64 ± 92.88 0.197

FFA 548.45 ± 252.37 584.64 ± 275.15 615.94 ± 243.74 0.071

ACE 18.68 ± 7.25 22.53 ± 11.94* 24.66 ± 14.30* <0.05

HP 1.32 ± 0.44 1.57 ± 0.73* 1.64 ± 0.72* <0.05

TC 4.58 ± 1.25 4.76 ± 2.79 4.38 ± 1.10 0.128

LDL 2.86 ± 0.95 3.04 ± 1.04 3.08 ± 1.13 0.133

BUN 5.74 ± 2.75 5.57 ± 2.52 7.93 ± 5.79*,** <0.05

Hcy 12.78 ± 8.00 13.24 ± 5.96 19.11 ± 9.70*,** <0.05

ALP 79.84 ± 28.17 80.61 ± 22.02 96.77 ± 30.47*,** <0.05

WBC 7.65 ± 2.17 8.18 ± 2.78 9.53 ± 3.55*,** <0.05

PLT 240.45 ± 70.93 231.85 ± 67.04 207.34 ± 69.47*,** <0.05

PT 11.91 ± 0.81 12.07 ± 1.74 12.33 ± 0.81* <0.05

APTT 27.23 ± 3.13 27.08 ± 4.28 27.30 ± 3.90 0.621

Fbg 3.30 ± 0.99 3.37 ± 1.17 3.94 ± 1.31*,** <0.05

D-D 0.31 (0.19-0.99) 0.55 (0.27-0.99)* 0.96 (0.39-3.88)*,** <0.05

HS-CRP 1.69 (0.61-5.83) 2.43 (0.969.37)* 4.55 (2.00-13.36)*,** <0.05

Lpa 285 (180-412) 266 (169-432) 298 (181-500) 0.22

Abbreviations: GLU: Glucose; UA: Uric Acid; FRUC: Fructosamine; FFA: Free
Fatty Acid; ACE: Angiotensin Converting Enzyme; HP: Haptoglobin; TC: Total
Cholesterol; LDL: Low Density Lipoprotein; BUN: Blood Urea Nitrogen; Hcy:
Homocysteine; ALP: Alkaline Phosphatase; WBC: White Blood Cell; PLT:
Platelet; PT: Prothrombin Time; APTT: Activated Partial Thromboplastin Time;
Fbg: Fibrinogen; D-D: D-Dimer; Hs-CRP: High sensitive C Reactive Protein;
Lpa: Lipoprotein a. *P<0 .05 vs. control. **P<0.05 vs. IS (-).

Results
The baseline clinical and laboratory characteristics of all
groups were presented in Table 1. Age, sex and smoking rate
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were comparable among the three groups. Presence of
hyperlipidemia and Diabetes Mellitus (DM) was comparable in
the groups with or without IS. Systolic, diastolic BP and
Coronary Artery Disease (CAD) were higher in the
hypertension groups compared with the control group
(P<0.001). Furthermore, systolic BP (160.13 ± 15.27 mmHg
vs. 155.43 ± 20.10 mmHg vs. 117.16 ± 9.87 mmHg,
respectively; P<0.05), diastolic BP (96.40 ± 12.40 mmHg vs.
89.84 ± 14.21 mmHg vs. 75.37 ± 11.13 mmHg, respectively;
P<0.001) and CAD (24.6% vs. 14.1% vs. 0%, respectively;
P<0.001) were prominently higher in the patients with IS.

UA, ACE and HP levels were higher in hypertensive patients
than control patients (P<0.05) (Table 2). More importantly,
ALP (96.77 ± 30.47U/L vs. 80.61 ± 22.02 U/L vs. 79.84 ±
28.17 U/L; P<0.05), Hcy (19.11 ± 9.70µmol/L vs. 13.24 ±

5.96µmol/L vs. 12.78 ± 8.00 µmol/L; P<0.05) and Fbg levels
(3.94 ± 1.31 g/L vs. 3.37 ± 1.17 g/L vs. 3.30 ± 0.99 g/L;
P<0.05) were higher in the group with IS than other groups
(Table 2 and Figure 1); Moreover, WBC and BUN levels were
also higher in the group with IS (Table 2). ButPLT levels were
lower in the group with IS than other groups (P<0.05) (Table
2). D-D and Hs-CRP level were higher in the hypertension
groups compared with the control group (P<0.05).
Furthermore, D-D and Hs-CRP level were prominently higher
in the patients with IS (P<0.05). Age- and sex-adjusted
Spearman correlations among the laboratory parameters are
shown in Table 3. The highest correlations were noted for Hs-
CRP and Fbg (r=0.53, P<0.05), HP and Fbg (r=0.49, P<0.05),
BUN and Fbg (r=0.38, P<0.05), WBC and Hs-CRP (r=0.35,
P<0.05), and Hcy and BUN (r=0.34, P<0.05).

Table 2. Demographic, clinical characteristics of IS (+), IS (-), and control groups.

 Control IS (-) IS (+) P

Number of patients,n 109 263 114  

Age, y 66.13 ± 10.62 65.00 ± 11.29 66.59 ± 11.15 0.221

Male/female, n/n 72/37 170/93 70/44 0.807

SBP, (mm Hg) 117.16 ± 9.87 155.43 ± 20.10* 160.13 ± 15.27*,** <0.05

DBP, (mm Hg) 75.37 ± 11.13 89.84 ± 14.21* 96.40 ± 12.40*,** <0.05

Current smoker, n (%) 43 (39.4%) 96 (36.5%) 50 (43.9%) 0.206

Hyperlipidemia, n (%) 0 (0%) 45 (17.1%)* 26 (22.8%)* <0.05

DM, n (%) 0 (0%) 98 (37.3%)* 47 (41.2%)* <0.05

CAD, n (%) 0 (0%) 37 (14.1%)* 28 (24.6%)*,** <0.05

Abbreviations: DM: Diabetes Mellitus; CAD: Coronary Artery Disease. P values represent the comparisons among 3 groups.*P<0.05 vs. control. **P<0.05 vs. IS (-).

Table 3. Age- and sex-adjusted correlations among laboratory parameters.

Biomarkers Hcy UA Hs-CRP ACE HP BUN ALP WBC PLT Fbg D-D

Hcy 1           

UA

 

0.14 1          

p<0.05           

Hs-CRP

 

0.07 0.04          

P=0.13 P=0.27          

ACE

 

0.11 0.07 -0.01 1        

P<0.05 P=0.15 P=0.43         

HP

 

-0.03 -0.01 0.34 -0.01 1       

P=0.33 P=0.44 P<0.05 P=0.42        

BUN

 

0.34 0.09 0.34 0.09 0.06 1      

P<0.05 P=0.08 P<0.05 P=0.09 P=0.16       

ALP

 

0.04 0.06 0.14 0.06 0.07 0.16 1     

P=0.26 P=0.17 P<0.05 P=0.17 P=0.15 P<0.05      
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WBC

 

0.07 0.11 0.35 0.11 0.18 0.25 0.17 1    

P=0.14 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05     

PLT

 

-0.11 -0.06 0.02 -0.05 0.19 -0.07 0.08 0.1 1   

P<0.05 P=0.18 P=0.39 P=0.22 P<0.05 P=0.14 P=0.12 P=0.06    

Fbg

 

0.11 0.05 0.53 0 0.49 0.38 0.21 0.28 0.16 1  

P<0.05 P=0.23 P<0.05 P=0.48 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05   

D-D

 

0.12 -0.1 0.28 0.05 0.16 0.28 0.21 0.2 0.01 0.23 1

P<0.05 P=0.06 P<0.05 P=0.24 P<0.05 P<0.05 P<0.05 P<0.05 P=0.43 P<0.05  

Values are age- and sex-adjusted Spearman correlation coefficients (n=486).

Results of backward elimination models for selecting an
intensive set of laboratory parameters (of 19 eligible ones)
related to hypertension complicated with IS are shown in Table
4. Three laboratory parameters were retained in the final
multivariable model: ALP (1.88; P<0.001), Hcy (1.62;

P=0.004), and Fbg (1.85; P<0.001). The magnitude of the
association of each laboratory parameter with hypertension
complicated with IS was similar, and the three parameters were
most strongly related with occurrence of IS in essential
hypertension.

Table 4. Laboratory parameters levels and Hypertension with IS.

Description of model Adjusted odds ratio* Adjusted 95% CI χ2 statistic P

Global test of all laboratory parameters   87.68 <0.001

Final model

ALP, per SD increment 1.88 (1.38 to 2.61) 14.32 <0.001

Hcy, per SD increment 1.62 (1.17 to 2.25) 8.27 0.004

Fbg, per SD increment 1.85 (1.35 to 2.52) 14.98 <0.001

*Odds of hypertension with IS associated with a 1-SD increment in the natural logarithm of the biomarker. Results are shown only for variables retained by backward
elimination, using P<0.05 as the threshold for retention. Based on likelihood ratio test Odds ratios were adjusted for age, sex, systolic and diastolic blood pressure,
cigarette smoking.

Figure 1. ALP, Hcy and Fbg levels in hypertension and control
groups. ALP, Hcy and Fbg levels are higher in patients with IS than
in the other groups (P<0.001, unadjusted for age and sex).

Discussion
In the present study, we examined 19 laboratory parameters
which represent key biological characteristics implicated in the
pathogenesis of hypertension. In the end, we identified 3
laboratory parameters, which were most strongly related with
occurrence of hypertension complicated with IS: ALP
(vascular calcification), Hcy (oxidative stress), and Fbg
(inflammation and thrombosis).

Previous study reported that high levels of ALP were
significantly associated with hypertension [5]. Furthermore,
some studies showed significant correlation between ALP level
and incidence of stroke and mortality [6,7]. However, no study
of the relationships between ALP and hypertension
complicated with IS has been published in Chinese people. Our
findings prove that serum ALP is associated with hypertension
complicated with IS. The mechanisms for the positive
association of high levels of ALP with occurrence of
hypertension complicated with IS may have several aspects.
ALP catalyses the hydrolysis of inorganic pyrophosphate [8]
which can inhibit vascular calcification [9]. Shioi et al.
reported that bone-type ALP expressed in human vascular
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smooth muscle cells [10], who considered a higher level of
bone-type ALP, may accelerate the development of cardio-
cerebrovascular events through cardio-cerebrovascular
calcification. Another possible mechanism for a higher levels
ALP can improve risk of hypertension complicated with IS is
impaired vascular homeostasis, because hematopoietic stem
cells derived from bone marrow play an important role in
vascular homeostasis [11-13]. Some researches thought the
activity of osteoblasts can be evaluated by bone-type ALP
expression [14], which regulate the production of
hematopoietic stem cells in bone marrow [15,16], serum ALP
levels may associated with vascular homeostatic activity. Sata
et al. reported hematopoietic stem cells participate in the
pathogenesis of atherosclerosis [17]. Another study showed
that elevated ALP levels were associated with atherosclerosis,
and ALP was in dependent of other traditional cardio-
cerebrovascular risk factors [18]. Elevated ALP levels may
form a risk for hypertension complicated with IS because of
progressive atherosclerosis.

Hcy is a non-protein amino acid and is synthesized from
methionine, and Hcy can be recycled into methionine. Previous
studies found raised Hcy increase oxidative stress, causes
oxidative injury of the vascular endothelium, stimulates the
proliferation of vascular smooth muscle cells, diminishes
vasodilation, and changes the elastic properties of the vascular
wall [19-21]. All these are correlation with the occurrence of
hypertension complicated with IS. Inflammatory disease such
as atherosclerosis plays a crucial role in hypertensive
complicated with IS. Previous studies have reported that Hcy
may promote synthesis of proinflammatory cytokines.

Furthermore, elevated Hcy conduce to the modification of
LDL and HDL particles, and disorders in fibrinolysis and
coagulation, these changes enhance the development of
hypertension and IS in patients [20,22-24].

Fbg is a coagulation factor, and it belongs also to acute phase
proteins. Previous studies [25-27] have shown that plasma Fbg
is marker of stroke and atherosclerosis. Further, Fbg was an
independent predictor of ischemic stroke. In the present study,
we found that Fbg level was significantly higher in patients of
hypertension complicated with IS. Moreover, Fbg levels were
positively associated with plasma Hs-CRP levels (Table 3).
This result may be associated with increased inflammation in
hypertension complicated with IS. Several plausible
mechanisms could explain the relationship between elevated
Fbg levels and hypertension complicated with IS. First, Fbg is
markers of inflammation [28,29]. Second, Fbg can increase
peripheral vascular resistance and blood viscosity [30,31].
Finally, elevated Fbg level is related with hyperinsulinemia and
insulin resistance [32,33].

Similarly, we found that ALP, Hcy, and Fbg levels were higher
in the hypertension complicated with IS than the simple
hypertensive patients, therefore, we considered that the above
three markers were the strongest related laboratory parameters
to onset of IS in essential hypertension.

Study Limitations
The study had several limitations. First, it was a retrospective
study. It remains unclear if increased ALP, Hcy and Fbg are a
cause or a result of essential hypertension complicated with IS.
Second, we could not evaluate which type of ALP was
implicated with the risk of hypertension complicated with IS.
But a significantly positive correlation was observed between
ALP levels and occurrence of hypertension complicated with
IS. Finally, all hypertension complicated with IS patients were
recruited to the study were from 2.5 to 24 h after stroke onset,
and the problem of ALP, Hcy, and Fbg levels change by the
number of days from the IS development need further research.

Conclusion
In conclusion, ALP, Hcy, and Fbg levels were significantly
higher in patients with IS, which were the strongest related
laboratory parameters to onset of IS. According to our results,
we propose that elevated ALP, Hcy, and Fbg levels might be
implicated in the pathogenesis of IS in essential hypertension
in our patient population.
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