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The Clinical Importance of the Plasma Atherogenic Index, Other
Lipid Indexes, and Urinary Sodium and Potassium Excretion in
Patients with Stroke
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ABSTRACT

Objective: Cardiovascular complications are still the primary reason for high mortality rates worldwide. The
determination of risk factors is important to prevent stroke. The aim of the present study was to analyze the
importance of serum lipid indexes and urinary sodium (Na)/potassium (K) excretion in patients with stroke
together with sex differences.

Materials and Methods: A total of 50 (28 male and 22 female, mean age 65.9+ 14.6 years) patients with acute
stroke were included in the study group, and 32 body mass index-matched healthy subjects were included in
the control group. Lipid profiles [(cholesterol, triglyceride, very low-density lipoprotein, low-density lipoprotein,
and high-density lipoprotein (HDL)], serum creatinine (Cre), erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP), and Na, K, and Cre excretion in spot urine samples of the patients were recorded.

Results: Systolic blood pressure (p=0.021), ESR (p=0.044), and CRP (p=0.042) were significantly higher
in all patients in the stroke group; urinary Tanaka (K) (p=0.033), Kawazaki (K) (p=0.028), urinary spot Cre
(p=0.012), and Na excretion (p=0.036) levels were found to be significantly lower in only male patients with
stroke. The mean plasma atherogenic indexes were 0.57+0.24 in the study (stroke) group and 0.54+0.22
in the control group (p=0.61). Other lipid indexes, such as Castelli's risk index (CRI)-I (p=0.29), CRI-II
(p=0.24), atherogenic coefficient (p=0.29), and non-HDL cholesterol (p=0.69), were not statistically differ-
ent from the controls.

Conclusion: Urinary Na, K, and Cre excretion was significantly lower in male patients with stroke, and acute
phase reactants were significantly higher in the entire stroke group than in controls. These parameters can
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Various lipid indexes show the risk of mortality rather than lipid levels in advanced age popula-
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) tions. Additionally, serum lipid abnormalities are considered as a risk factor for stroke develop-

ment. However, a few studies reported some inconsistencies in the relationship between lipid

- profiles and the risk of stroke [3, 4]. The plasma atherogenic index (PAl) emerged as a valuable
marker in determining the risk of CV diseases [3]. Recently, high levels of sodium (Na) and
low levels of potassium (K) intake were shown to be associated with high blood pressure and
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increased CV complications. The structure and
level of this relationship varied according to the
characteristics of the participants and the way in
which the acquired samples were assessed [5].
The aim of the present study was to analyze the
clinical significance of PAl and other lipid indexes
[Castelli's risk index (CRI) | and I, atherogenic
coefficient (AC), non-HDL cholesterol (NHC)]
and 24-hour urinary Na and K excretion in
patients with stroke.

Materials and Methods

This was a case-control study. A total of 50 (28
male and 22 female) patients with acute stroke
comprised the study group, and 32 (I3 male
and 19 female) body mass index (BMI)-matched
healthy subjects were included in the control
group. The age, height, weight, existence of
hypertension, use of antihypertensive medica-
tion, systolic/diastolic blood pressure, plasma
lipids [cholesterol, triglyceride (TG), very low-
density lipoprotein (VLDL), low-density lipopro-
tein (LDL), and high-density lipoprotein (HDL)],
serum creatinine (Cre), erythrocyte sedimenta-
tion rate (ESR), C-reactive protein (CRP), and
Na, K, and Cre excretion in spot urine samples
of the participants were recorded. Biochemical
analysis was done by the device, ADVIA 1800
Clinical Chemistry System, Siemens, Erlangen,
Germany. The lipids, lipid indexes, and other
biochemical parameters of the patients in the
study and control groups were examined using
appropriate statistical tests.

PAI, which is a lipid index, is measured as the
ratio of the logarithmic value of TG to high-
density lipoprotein cholesterol (HDLc). The
following formulas were used for other lipid
indexes:

CRI-I: total cholesterol/HDLc,

CRI-Il:  low-density lipoprotein cholesterol
(LDLc)/HDL,

AC: (total cholesterol-HDLc)/HDLc,
Non-HDLc: total cholesterol—HDL [3].

The formulas developed by Kawasaki et al.
[6]and Tanaka et al. [7] were used to predict
the mean urinary Na and K excretion levels in
the spot urine samples obtained in 24 h. The
24-hour urinary Na and K excretion was not
affected by recall errors and represented all
sources of uptake [6, 7].

Patients with a history of chronic renal failure,
hepatic dysfunction, atrial fibrillation, congestive
cardiac failure, acute or chronic infection, chron-

Table | . Comparison of demographic and laboratory data for the groups
Stroke (N=50) Control (N=32)

Mean£SD/median (min-max) MeantSD/median (min-max) p
Age (year) 65.9%14.6 60.9%14.1 0.13
Gender (M/F) 28/22 13719 0.17
Systolic tension* (mm Hg) 131.5224 (1) 120.6x11.5 0.021
Diastolic tension (mm Hg) 75 (59-90) 80 (60-90) 0.208
Triglycerides (mg/dL) 164.6£82.1 161.3£72.9 0.85
LDL (mg/dL) [45.9£163.1 123.4£28.2 0.45
HDL (mg/dL) 39.418.6 42.6%9.5 0.14
VLDL (mg/dL) 26 (13-75) 31.4 (12-59) 0.601
Total cholesterol (mg/dL) 176.4139.8 187.5£39.9 0.23
PAI 0.57£0.24 0.54%0.22 0.61
CRIH- 47%13 441091 0.29
CRI-II 4.3%6.5 2.9%0.72 0.24
AC 3.7£36.6 3.41091 0.29
NHC 141.4136.6 144.8136.1 0.69
BMI (kg/m?2) 29.2+55 28.8+4.2 0.72
Urinary Na/K ratio 29%2.7 2£1.3 0.103
ESR (mm/h)* 22.9%15.1 (1) 17.3£8.9 0.044
CRP (mg/dL)* 5.8 (1.3-177) (1) 3.1 (2-28) 0.042
LDL: low-density lipoprotein; HDL: high-density lipoprotein; VLDL: very low-density lipoprotein; PAl: plasma athero-
genic index; CRI: Castelli's risk index; AC: atherogenic coefficient; NHC: non-HDL cholesterol; BMI: body mass index;
ESR: erythrocyte sedimentation rate; CRP: C-reactive protein.
Lipid measurements were given in mg/dL.
*Statistically different, p<0.05.

ic obstructive pulmonary disease, and inflam-
matory rheumatologic diseases were excluded
from the study.

Statistical Analysis

All statistical analyses were performed by using
the IBM SPSS version 19 statistics software pack-
age (IBM Corp., Armonk, NY; USA). Descriptive
data are presented as meanzstandard devia-
tion (SD) or median scores according to their
categories and distribution. The Kolmogorov-
Smirnov test was used to analyze the coherence
of variables to normal contribution (normality)
because the number of patients in the study
group was >30. Histograms were also used for
evaluation of normal distribution. Spearman’s
correlation analysis was used to analyze the level
of the correlation between the variables.

Categorical data are presented as percentages
(%). The chi-square test was used for com-
parison of categorical data. Continuous data
are presented as mean with SD or median with
minimum and maximum. Continuous data were
compared using parametric/non-parametric
tests according to their normal or non-normal
distribution. The Student’s t-test and Mann
Whitney U test were used for comparison of

obtained values. A p<0.05 was considered as
statistically significant. The study was approved
by the Regional Committee for Ethics (date:
01/172018; approval no.. 06/protocol no.: 08)
in accordance with the criteria of the Medical
Research and Declaration of Helsinki. Informed
consent was obtained from all participants.

Results

The study group consisted of 50 (28 male
and 22 female) patients. The mean age of the
study group was 65.9+14.6 years. The control
group included 32 (13 male and 19 female)
subjects. The mean age of the control group
was 609+ 4.1 years. Both groups were similar
with regard to sex (p=0.17), age (p=0.13), and
BMI (p=0.72). The demographic and laboratory
data of both groups are summarized in Table |.

Overall, 52% of the study group and 46.9% of the
control group were using antihypertensive medi-
cation (p=0.59) (Table 2). The Na and K excre-
tion levels in the spot and 24-hour urine samples
in male patients are given in Table 3. Systolic blood
pressure (p=0.021), ESR (p=0.044), and CRP
(p=0.042) were significantly higher in all patients
in the stroke group; urinary Tanaka (K) (p=0.033),
urinary Kawasaki (K) (p=0.028), Cre (p=0.012),
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Table 2. The use of antihypertensive medications according to the groups

Stroke group (N=50/%) Control group (N=32/%) p
ACE inhibitor 17/34 10/31.3 0.762
Calcium channel blocker 11/22 3/9.4 0.142
Beta blocker 4/8 4/12.5 0.509
Diuretic 8/16 7/21.9 0.508
Others (alpha blocker, etc.) 2/4 1/3.1 0.839
*p=0.59

*Chi-square test: statistically different, p<0.05.

Stroke (N=28)

Table 3. Comparison of urine data for the groups in male gender

Control (N=13)

Mean£SD/median (min-max) MeantSD/median (min-max) p
Kawazaki (Na), mEq/L 174.98%11.2 139.1£85.5 0.56
Tanaka (K)*, mEq/L 67.8£24.3 (|) 83.3183.9 0.028
Tanaka (Na), mEq/L 179.57£117.74 153.2%118 0.67
Kawazaki (K)*, mEq/L 57.7£28.3 () 76+38.1 0.033
Urinary spot Na*, mEq/L 722147 () 91.2£45.7 0.036
Urinary spot K, mEq/L 67.2£52.9 84.2148.7 0.17
Urinary Na/K ratio 3.813.3 2+0.9 0.08
Urinary spot Cre*, g 102£71.2 ({) 126£69.8 0.012
Serum Cre, mg/dL 0.9 (0.5-0.7) 0.8 (0.4-1.8) 0.544

*Independent samples t-test: statistically different, p<0.05

and Na excretion in the spot urine (p=0.036)
were significantly low in only male patients in
the study group. The urinary Na/K ratios were
29427 in the study group and 2.0+1.3 in the
control group (p=0.103). Moreover;, the urinary
Na (Kawasaki) was positively correlated with sys-
tolic blood pressure (p=0.001; r=0.381).

Themean PAlswere 0.57+0.24 inthe study group
and 0.544£0.22 in the control group (p=0.61).
The PAI was positively correlated with urinary
K excretion (Kawasaki) (p=0.014; r=0315).
ESR was significantly high in female patients in
the hypertensive (HT) group (p=0.008). Lipid
indexes, such as CRI-l (p=0.29), CRI-Il (p=0.24),
AC (p=0.29), and NHC (p=0.69), were not
statistically different from the controls in patients
with stroke (Table 1).

When we divided all the groups with regard to
sex, female patients had higher BMI (p<0.001),
HDL (p=0.017), and VLDL (p=0.022), and
male patients had higher CRI-I (p=0.034), AC
(p=0.034), Kawasaki Na (p=0.026), urinary spot
Na (p=0.001), urinary Na/K ratio (p=0.018),
and urinary spot Cre (p=0.008) levels (Table 4).

Discussion
The study and control groups were the same
with regard to age, sex, and BMI. According to

the results, all lipid indexes including PAI, CRI-I,
CRI-lI, AC, and NHC were the same as the
controls in patients with stroke. Acute phase
reactants, which show inflammation and systolic
tension, were higher in patients with stroke than
in controls. Urinary K, Na, and Cre excretion
was found to be lower in male patients with
stroke than in controls. There was no difference
with regard to antihypertension medications.
We also find differences in some lipid indexes
(HDL, CRI-l, and AC against male sex), urinary
Na and Cre excretion, and urinary Na/K ratio
with regard to sex.

Stroke is the leading cause of inevitable deaths.
The high mortality and morbidity rates of this
disease can be precluded by knowing the possi-
ble risk factors that lead to this disease. Age, sex,
race, and family history of stroke development
are modifiable risk factors, and hypertension,
diabetes, CV diseases, smoking, alcohol, obesity,
dyslipidemia, physical inactivity, inflammation,
hypercoagulability, and medication are unmodifi-
able risk factors [3-5, 8, 9].

Concentrations of lipid biomarkers in circula-
tion have been found to be associated with CV
disease risk [0, I'l]. In particular, intraindividual
variabilities in TG, LDLc, and HDLc levels should
be considered [12]. Sujatha et al. [3] suggested

that lipid parameters and indexes are signifi-
cantly higher in patients with stroke. Uslu et al.
[5] found that PAl is an independent risk factor
in the diagnosis of atherosclerosis in patients
with systemic lupus erythematosus. In the pres-
ent study, no significant difference was found
with regard to lipid indexes and PAl between
the stroke and control groups. Bendzala et al.
[I'1] revealed that PAl is positively correlated
with age, comorbidity, statin use, and mortal-
ity risk regardless of smoking in patients with
hypertension aged >60 years. Cai et al. [I3]
suggested that PAIl can be a strong marker for
predicting risk for CV diseases. Ersoy et al. [14]
found that HDL, LDL, and PAI levels are nega-
tive factors for osteoporosis. Individuals with
low physical activity were found to have high
PAI values, causing an accelerated atherogenic
process and CV diseases in the long term [15].
Gunay et al. [16] found that atherogenic indices
(PAV, cardiogenic risk ratio, and AC) can be con-
sidered as a useful predictor for atherosclerosis
and CV diseases in stable patients with chronic
obstructive pulmonary diseases.

Hypertension control in patients with stroke
was a key factor for preventing the disease [|7].
Blood pressure control is important after stroke
[18, 19]. In the present study, the prevalence
of hypertension was found to be similar in
both groups, but systolic blood pressure was
significantly higher in the stroke group. Throm-
bosis is the most common cause of mortality in
various CV events. Oxidized lipoproteins were
the most common triggering factors in chronic
inflammatory diseases associated with a high
risk of thrombosis. Thromboinflammation can
affect venous thrombosis [20]. In patients with
stroke after cerebral ischemia, the presence of
inflammatory cells (macrophages, neutrophils,
and monocytes) at the site of injury supports
the role of inflammation in the pathogenesis
of stroke. With developed techniques, many
inflammatory mediators, such as cytokines, che-
mokines, leukocytes, and adhesion molecules,
have been shown in ischemic tissue and the
environment. In ischemic brain injury, inflamma-
tion is important both in disease pathogenesis
and in clinical course and prognosis [21]. In the
present study, the inflammation parameters
were found to be significantly higher in the
stroke group, supporting this hypothesis.

The relationship between Na and K intake is still
unclear in patients with CV diseases. The levels
of Na and K intake in different populations are
not known clearly. However, long-term studies
using 24-hour urine samples and accurate esti-
mation of daily K intake are scarce. The urinary
excretion of >7 g of Na/day increases the risk
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Table 4. Comparison of demographic and laboratory data according to gender in all groups

Male (N=41) Female (N=41) p
Age (year) 66.9+15.3 61.1£13.2 0.076
Systolic tension 127.7+23 127+18.6 0.876
Diastolic tension 74.218.4 76.2%7.9 0.259
Triglycerides 129.5 (59-373) 159 (75-324) 0.47
LDL 124 (44-873) 128 (60-899) 0.935
HDL* 38.148 43.1£9.5 (1) 0.017
VLDL* 25 (12-75) 33 (15-65) (1) 0.022
Total cholesterol 178.8+38.4 182.6141.8 0.678
PAI 0.54£0.24 0.58+0.21 0.453
CRI-I* 4913 (1) 43%1.0 0.034
CRI-II 4.3%6.5 3.243.0 0.357
AC* 3.9+1.3 (1) 3.3%1.0 0.034
NHC 144.6134 141.2£38.5 0.698
BMI (kg/m?)* 26.913.6 31.2853 (1) 0.000
ESR (mm/h) 20.6£3.6 20.6£12.8 0.995
CRP (mg/dL) 3.6 (1.3-177) 4.3 (2-135) 0.824
Kawazaki (Na), mEq/L* 171.8%110.4 (1) 121.8165.4 0.026
Tanaka (K), mEq/L 52.5 (32.7-194.6) 123 (25.9-361.4) 0.062
Tanaka (Na), mEq/L 119.1 (29-499) 144.5183.2 0.256
Kawazaki (K), mEq/L 57.7 (32.4-146.8) 53.9 (32.4-190.5) 0.961
Urinary spot Na, mEq/L* 98.4£51.5 (1) 61.1£33.8 0.001
Urinary spot K, mEq/L 76.5%£49.7 71.8£54.1 0.700
Urinary Na/K ratio* 3.2£2.8 (1) 1.9+1.2 0.018
Urinary spot Cre*, g 133.4£77.9 (1) 89+55.2 0.008
Serum Cre, mg/dL 0.9410.21 0.95%1.1 0.942
LDL: low-density lipoprotein; HDL: high-density lipoprotein; VLDL: very low-density lipoprotein; PAl: plasma athero-
genic index; CRI: Castelli's risk index; AC: atherogenic coefficient; NHC: non-HDL cholesterol; BMI: body mass index;
ESR: erythrocyte sedimentation rate; CRP: C-reactive protein. Lipid measurements were given in mg/dL.
*Statistically different, p<0.05.

for all patients with CV disease. Excretion of <3
g/day of Na was also associated with increased
CV disease mortality. Moreover, high K excre-
tion was associated with decreased stroke risk
[22]. Compatible with the literature, in our
study, urinary Na and K excretion was found
to be lower in male patients with stroke than in
controls. Increased dietary Na and Na/K ratios
were associated with increased blood pressure
and prehypertension. In addition, diet was seen
as a preventive method to inhibit unnecessary
Na intake [23]. The Na/K ratios were similar in
the groups independent of sex, and no relation-
ship between systolic or diastolic tension and
urinary Na/K ratio was found.

Prentice et al. [19] found a positive correla-
tion between HT incidence and Na intake
and urinary Na/K ratio in 40 postmenopausal
women. They also found a positive correlation

between Na/K ratio and CV diseases, such
ischemic stroke, and an inverse correlation with
hemorrhagic stroke. A poor correlation was
found between observational studies of dietary
K'intake and CV disease risk. We did not inves-
tigate dietary intake. Kieneker et al. [24] found
that urinary K excretion is not an independent
risk factor for CV disease including stroke. Men-
tee et al. [25] found that urinary K excretion in
older patients with hypertension is negatively
associated with systolic blood pressure. Jackson
et al. [8] found a strong positive correlation of
hypertension with urinary Na excretion and
a negative correlation with K excretion. We
found a positive correlation between urinary Na
excretion and systolic blood pressure. There-
fore, free radicals were thought to increase K
excretion in patients with acute stroke, and K
deficiency caused various undesirable cardiac
reactions [26]. The present study also found

that urinary K and Na excretion was significantly
lower in male patients with stroke than in con-
trols. When we divided all the groups accord-
ing to gender, although the BMI of the female
patients was higher, some lipids, urinary Na and
Cre excretion, and urinary Na/K ratio were
higher in male patients. This result supports the
high risk of atherosclerotic diseases in men. Sex
differences should be considered separately
when evaluating CV risk factors.

Our study has some limitations. Patients with
stroke in all etiologies (ischemic, hemorrhagic,
and subarachnoid hemorrhage) were included
in the present study. Different etiologies may
have affected the laboratory outcomes of the
patients. The fact that the study data belonged to
one local center limits the generalization of the
results. When we calculated the laboratory data,
these patients were in acute period stroke, and
medical treatment had already started. These
treatments may affect urine results. Although
there were no differences in the medications
taken, it would be more useful to obtain labora-
tory data before a stroke event occurs.

Some practical biomarkers are needed to deter-
mine the risk of stroke in the elderly. We found
that urinary Na, K, and Cre excretion was low in
only male patients with stroke, and that inflamma-
tion parameters were higher in the entire stroke
group than in controls. Additionally, the lipid
indexes of patients with stroke were the same
as the controls. When we divided all the groups
according to sex, afthough female patients had
higher BMIs than male patients, some lipid indexes
(CRIH and AC), urinary Na and Cre excretion,
and Na/K ratio were higher in male patients.

Ethics Committee Approval: Ethics committee
approval was received for this study from the ethics
committee of Kahramanmaras Siitgti imam University
School of Medicine.

Informed Consent: An informed consent form was
taken from the participants.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - TTK, M.S.; Design
- TTK, M.S; Supervision - TTK,; Resources - CB.T,
BFK, TTK; Materials - M.S; Data Collection and/
or Processing - TTK, CBT, MS; Analysis and/
or Interpretation - T.TK,; Literature Search - TTK,
MAA.; Writing Manuscript - TTK; Critical Review
- TTK

Conflict of Interest: The authors have no conflicts of
interest to declare.

Financial Disclosure: The auhors declared that this
study has receive no financial support.



[ 76 * Koca et al. Biomarkers in Stroke

Eurasian ] Med 2019; 51(2): 172-6

References

Richards CL, Malouin F Nadeau S. Stroke reha-
bilitation: clinical picture, assessment, and thera-
peutic challenge. Prog Brain Res 2015; 218: 253-
80. [CrossRef]

Koca TT, Arslan A. Recent developments in bio-
markers used for evaluation of juvenile idiopathic
arthritis. ] Clin Med Kaz 2015; I | 1-4

Sujatha R, Kavitha S. Atherogenic indices in pa-
tients with stroke: A retrospective study. Iran |
Neurol 2017; 16:78-82.

Maleki MH, Mousavi M, Kazemi T, Azdaki N,
Sharifabad AR, Hoshyar R. Comparison of ath-
erogenic index and lipid profiles in candidates for
coronary artery bypass graft surgery versus nor-
mal people. Pak ] Pharm Sci 2018; 31: 1899-902.
Uslu AU, Kucuk A, Icli A, et al. Plasma Atherogenic
Index is an Independent Indicator of Subclinical
Atherosclerosis in Systemic Lupus Erythematosus.
Eurasian | Med 2017; 49: 193-7. [CrossRef]
Kawasaki T, Itoh K, Uezono K, Sasaki H. A simple
method for estimating 24 H urinary sodium and
potassium excretion from second morning void-
ing urine specimen in adults. Clin Exp Pharmacol
Physiol 1993; 20: 7-14. [CrossRef]

Tanaka T, Okamura T, Miura K, et al. A simple meth-
od to estimate populational 24h urinary sodium and
potassium excretion using acasual urine specimen. |
Hum Hypertens 2002; 16:97-103. [CrossRef]
Jackson SL, Cogswell ME, Zhao L, et al. Associa-
tion Between Urinary Sodium and Potassium Ex-
cretion and Blood Pressure Among Adults in the
United States: National Health and Nutrition Ex-
amination Survey, 2014. Circulation 2018; 137:
237-46. [CrossRef]

Hoshino T, Sissani L, Labreuche J, et al. Prevalence
of Systemic Atherosclerosis Burdens and Over-

lapping Stroke Etiologies and Their Associations
With Long-term Vascular Prognosis in Stroke
With Intracranial Atherosclerotic Disease. JAMA
Neurol 2018; 75: 203-11. [CrossRef]

Katzke VA, Sookthai D, Johnson T, Kiihn T, Kaaks
R. Blood lipids and lipoproteins in relation to inci-
dence and mortality risks for CVD and cancer in
the prospective EPIC-Heidelberg cohort. BMC
Med 2017; 15:218. [CrossRef]

Bendzala M, Sabaka P, Caprnda M, et al. Athero-
genic index of plasma is positively associated with
the risk of all-cause death in elderly women: A
| O-year follow-up. Wien Klin Wochenschr 2017;
129:793-8. [CrossRef]

Waters DD, Bangalore S, Fayyad R, et al. Visit-to-
visit variability of lipid measurements as predic-
tors of cardiovascular events. | Clin Lipidol 2018;
12: 356-66. [CrossRef]

Cai G, Shi G, Xue S, Lu W. The atherogenic in-
dex of plasma is a strong and independent pre-
dictor for coronary artery disease in the Chinese
Han population. Medicine (Baltimore) 2017; 96:
e8058. [CrossRef]

Ersoy GS, Simsek EE, Vatansever D, Kasikci HO,
Keser B, Sakin O. Lipid profile and plasma ath-
erogenic index in postmenopausal osteoporosis.
North Clin Istanb 2017; 4: 237-41.

Bacelova MG, Nikolova JG, Deneva T, Nikolov PF
Arterial stiffness, plasma atherogenic index and
soluble cell adhesion molecules in healthy young
adults with reduced physical activity. Arch Physiol
Biochem 2018; 124: 357-60. [CrossRef]

Gunay S, Sariaydin M, Acay A. New Predictor of Ath-
erosclerosis in Subjects With COPD: Atherogenic
Indices. Respir Care 2016; 61: 1481-7. [CrossRef]
Adams Jr HR, Bendixen BH, Kapelle |, et al. The TOAST
investigators. Classification of subtypes of acute isch-

20.

21.

22.

23.

24.

25.

26.

emic stroke. Definition for use in multicenter clinical
trial. Stroke 1993; 24: 35-41. [CrossRef]

Bravata DM, Daggy J, Brosch |, et al. Comparison
of Risk Factor Control in the Year After Discharge
for Ischemic Stroke Versus Acute Myocardial In-
farction. Stroke 2017; 49: 296-303. [CrossRef]
Prentice RL, Huang Y, Neuhouser ML, et al. As-
sociations of Biomarker-Calibrated Sodium and
Potassium Intakes With Cardiovascular Disease
Risk Among Postmenopausal Women. Am | Epi-
demiol 2017; 186: 1035-43. [CrossRef]
Obermayer G, Afonyushkin T, Binder CJ. Oxi-
dized low density lipoprotein in inflammation-
driven thrombosis. | Thromb Haemost 2018; | 6:
418-28. [CrossRef]

JinR Liu L, Zhang S, Nanda A, Li G. Role of inflam-
mation and its mediators in acute ischemic stroke. |
Cardiovasc Transl Res 2013; 6: 834-51. [CrossRef]
O'Donnell M), Yusuf S, Mente A, et al. Urinary so-
dium and potassium excretion and risk of cardiovas-
cular events. JAMA 201 |;306: 2229-38. [CrossRef]
Mohammadifard N, Khaledifar A, Khosravi A,
et al. Dietary sodium and potassium intake and
their association with blood pressure in a non-
hypertensive Iranian adult population: Isfahan salt
study. Nutr Diet 2017; 74: 275-82. [CrossRef]
Kieneker LM, Gansevoort RT, de Boer RA, et al.
Urinary potassium excretion and risk of cardio-
vascular events. Am | Clin Nutr 2016; 103: 1204-
12. [CrossRef]

Mente A, O'Donnell M), Rangarajan S, et al. As-
sociation of urinary sodium and potassium ex-
cretion with blood pressure. N Engl | Med 2014;
371:601-11. [CrossRef]

Serebruany VL. Hypokalemia, cardiac failure, and
reporting NXY-059 safety for acute stroke. | Cardio-
vasc Pharmacol Ther 2006; | 1: 229-31. [CrossRef]


https://doi.org/10.1016/bs.pbr.2015.01.003
https://doi.org/10.5152/eurasianjmed.2017.17143
https://doi.org/10.1111/j.1440-1681.1993.tb01496.x
https://doi.org/10.1038/sj.jhh.1001307
https://doi.org/10.1161/CIRCULATIONAHA.117.029193
https://doi.org/10.1001/jamaneurol.2017.3960
https://doi.org/10.1186/s12916-017-0976-4
https://doi.org/10.1007/s00508-017-1264-1
https://doi.org/10.1016/j.jacl.2017.12.003
https://doi.org/10.1097/MD.0000000000008058
https://doi.org/10.1080/13813455.2017.1408661
https://doi.org/10.4187/respcare.04796
https://doi.org/10.1161/01.STR.24.1.35
https://doi.org/10.1161/STROKEAHA.117.017142
https://doi.org/10.1093/aje/kwx238
https://doi.org/10.1111/jth.13925
https://doi.org/10.1007/s12265-013-9508-6
https://doi.org/10.1001/jama.2011.1729
https://doi.org/10.1111/1747-0080.12304
https://doi.org/10.3945/ajcn.115.106773
https://doi.org/10.1056/NEJMoa1311989
https://doi.org/10.1177/1074248406297311

