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 Background: Hypokalemia has been confirmed to be a predictor of adverse cardiovascular and renal outcomes. There is a 
paucity of studies focusing on the potential connection between the serum K+ level and the outcome after 
acute ischemic stroke (AIS). This study investigated whether hypokalemia in the acute stroke stage contrib-
utes to worse functional outcome in AIS patients.

 Material/Methods: This retrospective cohort study included consecutive patients with first-ever AIS admitted between June 2015 
and March 2016. Patients were divided into 2 groups: hypokalemia (K+ <3.5 mmol/L) and normokalemia 
(3.5 mmol/L £K+ £5.5 mmol/L). Primary outcome measure was poor outcome at 3 months (modified Rankin 
scale >2). Univariate and multivariate logistic regression analyses were used to assess the association between 
hypokalemia and poor outcome. Receiver operating curve (ROC) analysis was performed to determine the op-
timal cutoff point of serum K+ level for predicting poor outcome.

 Results: The percent of patients with poor outcome at 3 months was higher in the hypokalemic group (62.9%) than in 
the normokalemic group (45.5%). Hypokalemic patients tended to have lower fasting glucose at admission, 
lower Glasgow coma scale score, and longer time from symptom onset to treatment compared with normoka-
lemic patients. Hypokalemia was associated with poor outcome at 3 months after adjusting for potential con-
founders (odds ratio=2.42, 95% confidence interval=1.21–4.86, P=0.013). ROC analysis showed that the opti-
mal threshold for serum K+ level was 3.7 mmol/L.

 Conclusions: Hypokalemia at the initial admission is associated with poor prognosis at 3 months in first-ever AIS patients.
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Background

Acute ischemic stroke (AIS) is one of the most devastating dis-
eases; it remains a significant health and social issue, with high 
disability and mortality rates. The World Health Organization 
(WHO) has reported that approximately 15 million people suf-
fer a stroke every year, of which 5 million are fatal and 5 mil-
lion result in permanent disability [1]. Currently, thrombolytic 
therapy with rtPA (recombinant tissue plasminogen activa-
tor) is the only approved and effective pharmacological treat-
ment. However, rtPA increases the risk of hemorrhage, brain 
barrier, and activation of matrix metalloproteinases, and the 
therapeutic window is limited. Many patients miss the tim-
ing of rtPA treatment and still stay at risk of disability [2,3]. 
Therefore, it is vital to identify predictors of prognosis so that 
prompt medical intervention can be applied to improve out-
comes of those patients who do not benefit from rtPA thera-
py. Several studies have already demonstrated that the status 
(e.g., sex, age, blood pressure, total cholesterol, plasma homo-
cysteine, platelets, and serum Na+) of AIS patients at admis-
sion influences their long-term functional prognosis [1,4–12].

Nonetheless, few studies have focused on the connection be-
tween hypokalemia and functional outcome in AIS patients af-
ter treatment. Hypokalemia is a common electrolyte disorder 
and complication of hospitalized patients. Serum K+ has been 
confirmed to be a predictor of adverse cardiovascular and re-
nal outcomes [12–15], but there has been only 1 previous re-
port of hypokalemia being associated with high short-term 
mortality in acute stroke patients [16].

The objectives of the present study were to: (1) investigate 
relevant factors of hypokalemia at admission in first-ever AIS 
patients, and (2) determine the association between hypoka-
lemia at admission and the functional prognosis at 3 months 
in these patients and detect whether this relationship is in-
fluenced by sex or age.

Material and Methods

Patients

All patients involved in this retrospective study were recruit-
ed consecutively from the Department of Neurology, the First 
Affiliated Hospital of Xi’an Jiaotong University between June 
2015 and March 2016. Only patients with ischemic stroke were 
enrolled in the study. All of the patients had a clinical diagno-
sis of ischemic stroke commensurate with the WHO criteria, 
further confirmed by brain computed tomography (CT) or mag-
netic resonance imaging (MRI) in the hospital. Patients were 
excluded based on the following criteria: (1) recurrent isch-
emic stroke; (2) <18 years old; (3) a duration from symptom 

onset to treatment of >7 days; (4) having received thromboly-
sis therapy or embolectomy; (5) presence of a serious comor-
bidity such as cancer, liver disease, chronic renal disease, pul-
monary, or endocrine disease; (6) presence of hyperkalemia 
(K+ >5.5 mmol/L); or (7) nonavailability of the functional out-
come at 3 months. Written informed consent was obtained 
from all subjects and the protocol for this study was approved 
by the Ethics Committee of the First Affiliated Hospital of Xi’an 
Jiaotong University.

Data collection

The following baseline data were collected and used in the 
analyses: (1) basic characteristics – age, sex, dates of being 
admitted to and discharged from hospital, and systolic and di-
astolic blood pressures on arrival at hospital; (2) vascular risk 
factors – current smoking, alcohol intake, hypertension, and 
diabetes mellitus (DM); (3) other diseases – myocardial in-
farction and atrial fibrillation; (4) previous medications – an-
tiplatelets, antihypertensives, and hypoglycemics; (5) levels 
in laboratory tests – fasting serum glucose, hemoglobin A1c, 
creatinine, total cholesterol, high-density lipoprotein choles-
terol, low-density lipoprotein cholesterol (LDL-C), triglycerides, 
urea nitrogen, serum K+, and homocysteine; (6) neurological 
assessment – initial stroke severity on the National Institute 
of Health Stroke Scale (NIHSS), the Glasgow coma scale (GCS); 
(7) occlusion site and stroke subtype; and (8) length of symp-
tom onset to treatment time (OTT).

Hypokalemia and normokalemia were defined as serum K+ con-
centrations of <3.5 mmol/L and 3.5–5.5 mmol/L, respective-
ly [17]. DM was defined as a previous diagnosis and treatment 
of DM, a fasting plasma glucose of ³7.0 mmol/L (126 mg/dL), 
a value of 2 h in the oral glucose tolerance test, or a random 
plasma glucose concentration of ³11.1 mmol/L (200 mg/dL) 
in the presence of the classic symptoms of hyperglycemia or 
a hyperglycemic crisis [8]. Hypertension was defined as the 
current use of antihypertensive medications, a systolic blood 
pressure of ³140 mmHg, and/or a diastolic blood pressure of 
³90 mmHg [18]. Myocardial infarction was defined based on 
the self-report history [4]. Atrial fibrillation was defined based 
on the self-report history or diagnosed when present on a stan-
dard 12-lead electrocardiogram [8]. The occlusion site was de-
tected by brain MRI, which included diffusion-weighted imaging 
and was performed using an echo planar instrument operat-
ing at 3.0 T or 1.5 T. The stroke subtype was ascertained ac-
cording to the TOAST classification [19].

All blood samples were collected from patients within 24 h of 
hospital admission after at least 8 h of fasting. If a patient’s 
blood sample is tested more than 1 time within 24 h, the data 
for the first time was collected. All plasma and serum samples 
were tested in the Clinical Laboratory of the First Affiliated 
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Hospital of Xi’an Jiaotong University. All laboratory values were 
measured using a Hitachi BJ-G188 Automatic Biochemistry 
Analyzer (Hitachi, Tokyo, Japan).

The functional status after 3 months was assessed using the 
modified Rankin scale (mRS), with favorable and unfavorable 
outcomes defined as mRS scores of 0–2 and 3–6, respective-
ly [6,7]. Outcome data were collected by a neurological clini-
cian via telephone at 3 months after AIS.

Statistical analyses

Data were analyzed using SPSS Statistics for Windows soft-
ware, version 19 (IBM, Chicago, IL, USA). Hypokalemic and nor-
mokalemic patients were compared using the Pearson c2 test, 
modified by Fisher’s exact test for categorical variables, the t 
test for parametric analysis, and the Mann-Whitney U test for 
nonparametric analysis [17].

The associations between hypokalemia and other baseline 
variables were analyzed by nonconditional logistic regression. 
These variables with P<0.05 in univariate logistic regression 
were entered into a stepwise multivariate logistic regression 
model. Univariate and multivariate nonconditional logistic 
regression models were used to assess the relationship be-
tween hypokalemia and poor outcome (mRS score=3–6) at 3 
months in AIS patients. Significant factors in univariate logis-
tic regression analysis (P<0.05) were entered into the multi-
variate logistic regression model. Odds ratios (ORs) and 95% 
confidence intervals (95% CIs) were calculated. A prespecified 
subgroup analysis was undertaken stratified by sex and age 
(<65 or ³65 years) in multivariate adjusted logistic regression 
models. Forest plots with overall-effect lines and interaction 
terms added to the logistic regression model were utilized to 
assess the effects of subgroups [20,21]. Receiver operating 
curve (ROC) analysis was performed to identify the optimal 
cutoff value for the K+ to predict poor outcome at 3 months 
after stroke. The optimal cutoff point was determined based 
on the Youden Index when it is maximized [7]. A 2-sided P val-
ue of <0.05 was considered significant.

Results

There were 854 AIS patients admitted to the hospital between 
June 2015 and March 2016, of which 493 were excluded for 
the following reasons (Figure 1): 213 had a previous history of 
stroke, 248 presented more than 7 days after the onset of stroke 
symptoms, 23 received thrombolysis therapy or embolectomy, 6 
had serious comorbidities (cancer, renal dialysis, or liver cirrho-
sis), 1 was hyperkalemic, and 2 had inadequate follow-up infor-
mation. Therefore, 361 AIS patients were finally included in the 
study, of which 175 (48.5%) had a poor outcome at 3 months.

The patient characteristics are grouped according to serum 
K+ levels in Table 1. Sixty-two patients (17.2%) were hypoka-
lemic. The fasting glucose, LDL-C, and creatinine levels were 
significantly lower in hypokalemic patients. The impairment of 
consciousness at admission was more evident in hypokalemic 
patients compared with normal patients, as reflected by GCS. 
A poor prognosis (mRS score=3–6) at 3 months after AIS was 
significantly more common in hypokalemic patients than in 
patients with a normal serum K+ at admission (P=0.013). The 
length of stay in an acute stroke hospital did not differ signif-
icantly between the 2 serum K+ groups. The other basic char-
acteristics at admission did not differ significantly between 
normokalemic and hypokalemic patients.

Univariate logistic regression analysis revealed that fast-
ing glucose, baseline GCS score, and OTT were associated 
with hypokalemia. The stepwise multivariate logistic regres-
sion model (Table 2) showed that lower fasting glucose, low-
er baseline GCS score, and longer OTT might be the determi-
nants of hypokalemia.

The results of multivariate logistic regression analyses of the 
relationship between selected variables and a poor outcome 
at 3 months are listed in Table 3. Univariate logistic regression 
analysis indicated that age, myocardial infarction, hypokale-
mia, LDL-C, NIHSS score, GCS score, and occlusion site were 

Figure 1.  Reasons for exclusion from 854 cases of consecutively 
admitted acute ischemic stroke. Functional outcome 
means the modified Rankin scale (mRS).

Total number of ischemic stroke patients between
June 2015 and March 2016 in the Department of
Neurology in the First A�lited Hospital of Xi’an

Jiaotong University
n=854

First-ever acute ischemic
stroke patients

n=393

(1) The time from symptom onset to
admission was over 7 days

n=248
(2) Recurrent acute mischemic stroke

n=213

(3) Patients received thrombolysis
therapy or embolectomy

n=23
(4) Serious comorbidities (cancer,

renal dialysis, liver cirrhosis)
n=6

(5) Hyperkalemia patients
n=1

(6) Functional outcome at 3 months
was not available

n=2
Acute ischemic stroke

patients included in the study
n=361
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Basic charateristics*
Normokalemia

n=299
Hypokalemia

n=62
P value

Demographic data

 Male  182 (60.9)  33 (53.2) 0.264

 Age (years) 62±12.9 63.2±13.1 0.511

Risk factors

 Current smoking  105 (35.1)  15 (24.2) 0.097

 Current alcohol drinking  54 (18.1)  11 (17.7) 0.953

 Hypertension  194 (64.9)  48 (77.4) 0.056

 Diabetes mellitus  76 (25.4)  15 (24.2) 0.840

 Myocardial infarction  10 (3.3)  0 (0) 0.301

 Atrial fibrillation  29 (9.7)  6 (9.7) 0.996

Parameters on admission

 Systolic BP (mmHg)  144 (127–161)  150 (133–165) 0.207

 Diastolic BP (mmHg)  82 (77–92)  83.5 (76–93) 0.577

 Baseline NIHSS score   5 (2–7)  5 (3–8) 0.467

 Baseline GCS score  15 (14–15)  15 (15–15) 0.035

 OTT (h)  48 (24–72)  48 (24–120) 0.145

Laboratory test

 Fasting glucose (mmol/L)  5.1 (4.5–6.7)  4.7 (4–6) 0.011

 Hemoglobin A1c (%)  5.7 (5.4–6.6)  5.8 (5.3–6) 0.330

 Creatinine (umol/l)  64 (57–73)  58 (48–72) 0.013

 TC (mmol/L)   4.2 (3.6–4.8)  4 (3.5–4.6) 0.189

 HDL-C (mmol/L)   1 (0.9–1.2)   1.1 (0.9–1.2) 0.282

 LDL-C (mmol/L)  2.6 (2.1–3.1)  2.3 (1.8–2.7) 0.035

 TG (mmol/L)  1.4 (1–2.1)  1.4 (1–1.9) 0.789

 Blood usea nitrogen (mmol/L)  4.9 (4.1–6)  4.8 (4–5.8) 0.306

 Homocysteine (umol/L)   16.8 (12.7–25.5)  16.7 (13.5–23) 0.875

Previous medications

 Antiplatelets  14 (4.7)  1 (1.6) 0.483

 Antihypertensives  126 (42.1)  30 (48.4) 0.366

 Hypoglycemics  44 (14.7)  10 (16.1) 0.776

TOAST subtype 0.931

 Large artery atherosclerosis  82 (27.4)  17 (27.4)

 Cardioembolism  22 (7.4)  5 (8.1)

 Small artery occlusion  172 (57.5)  34 (54.8)

Table 1. Demographic and clinical characteristics of acute ischemic stroke patients with hypokalemia and normokalemia.
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Table 1 continued. Demographic and clinical characteristics of acute ischemic stroke patients with hypokalemia and normokalemia.

Basic charateristics*
Normokalemia

n=299
Hypokalemia

n=62
P value

 Other determined  10 (3.3)  3 (4.8)

 Undetermined  13 (4.3)  3 (4.8)

Occlusion site 0.354

 Internal carotid  13 (4.3)  5 (8.1)

 Middle cerebral artery  170 (56.9)  37 (59.7)

 Others  116 (38.8)  20 (32.3)

Outcome

 mRS3-6 at 3 months  136 (45.5)  39 (62.9) 0.013

 Duration of hospitalization (days)  11 (8–13)  12 (9–15) 0.051

BP – blood pressure; NIHSS – the National Institute of Health Stroke Scale; GCS – Glasgow Coma Scale; OTT – onset to treatment time; 
TC – total cholesterol; HDL – C-high-density lipoprotein cholesterol; LDL – C-low-density lipoprotein cholesterol; TG – triglycerides; mRS 
– modified Rankin Scale. * Categorical variables are expressed as frequency (percent); Continuous variables are expressed as mean 
± standard deviation, or as median (interquartile range).

Factors OR 95% CI P value

Fasting glucose 0.85 0.73–0.97 0.021

Baseline GCS score 0.85 0.76–0.96 0.006

OTT 1.01 1.00–1.01 0.046

Table 2. Related factors with hypokalemia in patients with first-ever ischemic stroke in stepwise multivariate logistic regression model.

OR – odds ratio; CI – confidence interval; GCS – Glasgow Coma Scale; OTT – onset to treatment time.

Predictors OR* 95% CI P value

Age 1.02 1.00–1.04 0.045

Myocardial infarction 10.32 1.07–99.68 0.044

Hypokalemia 2.42 1.21–4.86 0.013

LDL-C 1.74 1.25–2.41 0.001

Baseline NIHSS score 1.42 1.29–1.56 <0.001

Baseline GCS score 0.82 0.67–0.99 0.040

Occlusion site

Internal carotid 2.43 0.59–9.89 0.459

Middle cerebral artery 2.10 1.21–3.62 0.457

Others – –

Table 3. The association between hypokalemia and poor outcome at 3 months by multivariate logistic regression analysis.

OR – odds ratio; CI – confidence interval; LDL-C – low-density lipoprotein cholesterol; NIHSS – the National Institute of Health Stroke 
Scale; GCS – Glasgow Coma Scale. * Adjusted by age, myocardial infarction, LDL-C, baseline NIHSS score, baseline GCS score, occlusion 
site.
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variables (P<0.05) likely to be associated with poor outcome 
at 3 months in patients with acute, first-ever ischemic stroke. 
The multivariate logistic regression model demonstrated that 
hypokalemia was a significant risk factor for a poor outcome 
at 3 months in these patients after adjusting for related vari-
ables (OR=2.42, 95% CI=1.21–4.86, P=0.013).

The results of subgroup analyses are shown in Figure 2. There 
were similar effect estimations for hypokalemia in the male 
and female subgroups, while the male group showed signifi-
cance (OR=3.20, 95% CI=1.27–8.07) and female group crossed 
the no-effect point (OR=2.11, 95% CI=0.73–6.13). The asso-
ciation between hypokalemia and poor outcome appeared to 
be more pronounced in patients who were younger than 65 
years (OR=3.21, 95% CI=1.15–8.98) than those aged at least 
65 years (OR=2.19, 95% CI=0.85–5.66). Replacing the effect 
line (OR=1) by the overall-effect line (OR=2.42) resulted in the 
CI in all of the subgroups crossing the overall-effect line, sug-
gesting a homogeneous impact of hypokalemia among the 
subgroups. This putative implication was confirmed in the in-
teraction test. Subgroup analyses did not reveal any differ-
ences in the effect of hypokalemia on poor outcome (P>0.05 
for all interactions). The ROC analysis indicated that K+ con-
centration lower than 3.7 mmol/L could be used for predict-
ing poor outcome at 3 months after AIS, with a sensitivity of 
78.5% and a specificity of 32.6%.

Discussion

The results of this retrospective study involving a cohort of pa-
tients with AIS indicate that hypokalemia at admission is asso-
ciated with a worse prognosis with respect to the mRS score 
(3–6) following first-ever AIS. The results were suitably adjust-
ed for significant factors in univariate logistic regression anal-
ysis, including age, myocardial infarction, LDL-C, NIHSS score, 
GCS score and occlusion site. Subgroup analyses further re-
vealed that the association between hypokalemia and a poor 
outcome at 3 months did not differ with sex and age (<65 or 
³65 years). The study also found potential factors associated 

with hypokalemia at admission. Lower fasting glucose, lower 
baseline GCS score and longer OTT seem to be related with 
hypokalemia.

The concentration gradient of K+ across the cell membrane plays 
a key role in maintaining the membrane potential, and so an ab-
normal serum K+ level will affect this potential in cardiac, vascu-
lar, and neuronal tissues. The study from Cheng et al. suggest-
ed that hypokalemia reduced conductance hyperpolarization in 
potassium channel of skeletal muscle cells. Even slight devia-
tions in the serum K+ level from the normal range may result in 
severe muscle dysfunction, palpitations, cardiac dysrhythmias, 
and deterioration of neurological function [12,16,22]. Several 
meta-analyses have reported that potassium intake can de-
crease stroke risk, and the potential mechanism could be that 
K+ suppress the formation of free radicals and preclude endo-
thelial dysfunction [23–25]. Also, other groups found that K+ 

can inhibit vascular smooth muscle cell proliferation [25,26]. 
Nevertheless, there are few studies focusing on the relationship 
between serum K+ level and the prognosis of stroke. Gariballa 
et al. reported that a lower plasma K+ at admission was associ-
ated with the 3-month mortality rate of AIS (hazard ratio=1.73, 
95% CI=1.03–2.90) [16], while Fofi et al. found no significant 
association between mortality and the serum K+ level [11]. This 
discrepancy might be due to differences in the population char-
acteristics between the 2 studies. The study by Gariballa et al. 
included patients with different types of stroke, while that of 
Fofi et al. was limited to AIS patients with an OTT of less than 
6 h. Most of the patients in the present study were admitted 
to hospital 6 h later after symptom onset, so they missed the 
timing for thrombolysis and instead received conventional treat-
ment. Longer OTT means that AIS patients were not admitted 
to hospital in a timely manner. Oropharyngeal dysphagia may 
occur in these patients, which could lead to inadequate dietary 
intake of K+ and hypokalemia because of the delayed admis-
sion [27]. This may explain why OTT was positively correlated 
with hypokalemia in this study.

To the best of our knowledge, this is the first study to iden-
tify the cutoff value of serum K+ for predicting the 3-month 

Figure 2.  Subgroup analysis of OR (95%CI) 
of poor outcome in acute ischemic 
stroke patients at 3 months according 
to hypokalemia. The squares and 
horizontal lines represent odds ratio 
and the 95% confidence interval. 
Dotted line shows no-effect point, and 
bold line shows overall-effect point.

Subgroup

Overall

Hypokalemia better Normokalemia better
0 1 2.67 5 10

No. of
poor outcome (%) Odds ratio (95%CI)

P value for
interaction
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outcome after AIS. According to the ROC analysis of the pres-
ent study, a serum K+ level lower than 3.7 mmol/L on admis-
sion could be used for prediction of poor outcome at 3 months 
post-stroke following AIS, which confirmed that hypokalemia 
was a marker of unfavorable clinical outcome. This could be 
valuable for physicians in screening and targeting AIS patients 
who are at a high risk of a poor prognosis due to the serum K+ 
level at admission. This study did not investigate if K+ supple-
mentation for hypokalemic patients could improve the prog-
nosis following AIS. Our results provide useful information for 
clinical teams who frequently monitor serum K+ with AIS and 
maintain its concentration above 3.7 mmol/L. It is usually nec-
essary to check if there is any abnormality in the serum Na+, 
Mg2+, and H+ concentrations. Especially in patients with severe 
hypokalemia, replacement of Mg2+ might be required despite 
the serum Mg2+ being normal, since Mg2+ can result in activa-
tion of the Na+/K+ pump [17,28,29].

This study was subject to several limitations that should be tak-
en into account when interpreting the results. First, the type of 
information available for collection could not be controlled by 
the investigators due to the retrospective design of this study. 
It would therefore be of interest to implement a prospective 
study to examine the association between the dynamic alter-
ation of serum K+ during hospitalization and the prognosis of 
AIS over a longer observation period. Second, despite apply-
ing statistical adjustments to factors that were significant in 
univariate logistic regression analysis, other pre-existing clin-
ical confounders may have also affected the prognosis of AIS 

patients, such as life style and different medications being ad-
ministered to the patients before admission [30]. Third, the 
relatively small sample might have resulted in imprecise esti-
mations of the CI values in subgroup analyses. Further stud-
ies with larger samples might yield more stable estimations 
in such analyses.

Conclusions

This is the first study to demonstrate that hypokalemia at 
admission is an independent predictor of poor outcome at 
3 months (mRS score=3–6) in patients with first-ever AIS. 
Moreover, hypokalemic patients tend to have lower fasting 
glucose at admission, lower baseline GCS score, and longer 
OTT compared with normokalemic patients. Further studies 
in larger study populations should attempt to replicate these 
findings and determine if correcting serum K+ improves the 
clinical outcome of AIS patients.

Acknowledgements

We would like to thank all the members of Clinical Research 
Center, the First Affiliated Hospital of Xi’an Jiaotong University 
for their participation in this study.

Competing interests

None declared.

References:

 1. Serrano-Ponz M, Rodrigo-Gasque C, Siles E et al: Temporal profiles of blood 
pressure, circulating nitric oxide, and adrenomedullin as predictors of clin-
ical outcome in acute ischemic stroke patients. Mol Med Rep, 2016; 13: 
3724–34

 2. Campos F, Rodriguez-Yanez M, Castellanos M et al: Blood levels of gluta-
mate oxaloacetate transaminase are more strongly associated with good 
outcome in acute ischaemic stroke than glutamate pyruvate transaminase 
levels. Clin Sci (Lond), 2011; 121(1): 11–17

 3. Bierbower SM, Choveau FS, Lechleiter JD, Shapiro MS: Augmentation of 
M-type (KCNQ) potassium channels as a novel strategy to reduce stroke-
induced brain injury. J Neurosci, 2015; 35(5): 2101–11

 4. Buijs JE, Uyttenboogaart M, Brouns R et al: The effect of age and sex on 
clinical outcome after intravenous recombinant tissue plasminogen activa-
tor treatment in patients with acute ischemic stroke. J Stroke Cerebrovasc 
Dis, 2016; 25(2): 312–16

 5. Zhao W, An Z, Hong Y et al: Low total cholesterol level is the independent 
predictor of poor outcomes in patients with acute ischemic stroke: a hos-
pital-based prospective study. BMC Neurol, 2016; 16(1): 36

 6. Zhong C, Xu T, Xu T et al: Plasma homocysteine and prognosis of acute 
ischemic stroke: A gender-specific analysis from CATIS randomized clinical 
trial. Mol Neurobiol, 2016 [Epub ahead of print]

 7. Furlan JC, Fang J, Silver FL: Outcomes after acute ischemic stroke in pa-
tients with thrombocytopenia or thrombocytosis. J Neurol Sci, 2016; 362: 
198–203

 8. Huang WY, Weng WC, Peng TI et al: Association of hyponatremia in acute 
stroke stage with three-year mortality in patients with first-ever ischemic 
stroke. Cerebrovasc Dis, 2012; 34(1): 55–62

 9. Rodrigues B, Staff I, Fortunato G, McCullough LD: Hyponatremia in the 
prognosis of acute ischemic stroke. J Stroke Cerebrovasc Dis, 2014; 23(5): 
850–54

 10. Lasek-Bal A, Holecki M, Kret B et al: Evaluation of influence of chronic kid-
ney disease and sodium disturbances on clinical course of acute and sub-
acute stage first-ever ischemic stroke. Med Sci Monit, 2014; 20: 1389–94

 11. Fofi L, Dall’armi V, Durastanti L et al: An observational study on electrolyte 
disorders in the acute phase of ischemic stroke and their prognostic val-
ue. J Clin Neurosci, 2012; 19(4): 513–16

 12. Rodan AR: Potassium: friend or foe? Pediatr Nephrol, 2016 [Epub ahead of 
print]

 13. O’Donnell M, Mente A, Rangarajan S et al: Urinary sodium and potassium 
excretion, mortality, and cardiovascular events. N Engl J Med, 2014; 371(7): 
612–23

 14. Araki S, Haneda M, Koya D et al: Urinary potassium excretion and renal and 
cardiovascular complications in patients with type 2 diabetes and normal 
renal function. Clin J Am Soc Nephrol, 2015; 10(12): 2152–58

 15. Mattsson N, Sadjadieh G, Kumarathurai P et al: Ambulatory cardiac arrhyth-
mias in relation to mild hypokalaemia and prognosis in community dwell-
ing middle-aged and elderly subjects. Europace, 2016; 18(4): 585–91

 16. Gariballa SE, Robinson TG, Fotherby MD: Hypokalemia and potassium ex-
cretion in stroke patients. J Am Geriatr Soc, 1997; 45(12): 1454–58

 17. Pepin J, Shields C: Advances in diagnosis and management of hypokale-
mic and hyperkalemic emergencies. Emerg Med Pract, 2012; 14(2): 1–17; 
quiz 18

 18. Lei C, Wu B, Liu M, Chen Y: Association between hemoglobin A(1)C levels 
and clinical outcome in ischemic stroke patients with or without diabetes. 
J Clin Neurosci, 2015; 22(3): 498–503

2831
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Gao F. et al.: 
Hypokalemia and acute ischemic stroke outcome
© Med Sci Monit, 2017; 23: 2825-2832

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



 19. Fure B, Wyller TB, Thommessen B: TOAST criteria applied in acute ischemic 
stroke. Acta Neurol Scand, 2005; 112(4): 254–58

 20. Cuzick J: Forest plots and the interpretation of subgroups. Lancet, 2005; 
365(9467): 1308

 21. Bowling CB, Pitt B, Ahmed MI et al: Hypokalemia and outcomes in patients 
with chronic heart failure and chronic kidney disease: Findings from pro-
pensity-matched studies. Circ Heart Fail, 2010; 3(2): 253–60

 22. Cheng CJ, Kuo E, Huang CL: Extracellular potassium homeostasis: insights 
from hypokalemic periodic paralysis. Semin Nephrol, 2013; 33(3): 237–47

 23. Vinceti M, Filippini T, Crippa A et al: Meta-analysis of potassium intake and 
the risk of stroke. J Am Heart Assoc, 2016; 5(10): pii: e004210

 24. Larsson SC, Orsini N, Wolk A: Dietary potassium intake and risk of stroke: A 
dose-response meta-analysis of prospective studies. Stroke, 2011; 42(10): 
2746–50

 25. McCabe RD, Bakarich MA, Srivastava K, Young DB: Potassium inhibits free 
radical formation. Hypertension, 1994; 24(1): 77–82

 26. Young DB, Lin H, McCabe RD: Potassium’s cardiovascular protective mech-
anisms. Am J Physiol, 1995; 268(4 Pt 2): R825–37

 27. Bath PM, Scutt P, Love J et al: Pharyngeal electrical stimulation for treat-
ment of dysphagia in subacute stroke: A randomized controlled trial. Stroke, 
2016; 47(6): 1562–70

 28. Unwin RJ, Luft FC, Shirley DG: Pathophysiology and management of hypo-
kalemia: A clinical perspective. Nat Rev Nephrol, 2011; 7(2): 75–84

 29. Asmar A, Mohandas R, Wingo CS: A physiologic-based approach to the treat-
ment of a patient with hypokalemia. Am J Kidney Dis, 2012; 60(3): 492–97

 30. Venketasubramanian N, Lee CF, Wong KS, Chen CL: The value of patient se-
lection in demonstrating treatment effect in stroke recovery trials: Lessons 
from the CHIMES study of MLC601 (NeuroAiD). J Evid Based Med, 2015; 
8(3): 149–53

2832
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS] [Index Copernicus]

Gao F. et al.: 
Hypokalemia and acute ischemic stroke outcome

© Med Sci Monit, 2017; 23: 2825-2832
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


