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ABSTRACT
Background: The Klotho protects the cardiovascular system by protecting against cell apoptosis,
inhibiting the production of reactive oxygen species, and modulating inflammation. We aimed
to investigate relationship of plasma Klotho concentrations with functional outcome at 3
months after acute cerebral infarction.
Methods: We prospectively enrolled 262 first-ever acute cerebral infarction patients from whom
a blood sample was acquired within 24h of admission. An enzyme-linked immunosorbent assay
was used for evaluating plasma Klotho concentration. Functional outcome on admission and
three months was evaluated.
Results: Of the 262 patients, 152 (58.0%) were men. The mean age of these patients was 64.7
years. The mean± standard deviation of plasma Klotho concentrations was 312.7 ±153.3 pg/mL.
As opposed to patients with good outcome, plasma Klotho levels were lower in the poor out-
come group (207.8±96.2 vs. 342.5 ±153.5 pg/mL, p¼ .001). In multivariate analysis, increased
plasma Klotho concentrations were independently associated with good functional outcome
(Odds ratio: 2.42, 95% confidence interval: 1.45–4.04, p< .001).
Conclusions: Increased plasma Klotho concentrations were associated with good functional out-
come in patients with acute ischemic stroke. We attribute these associations to the pleiotropic
effects of Klotho in stroke and vascular diseases.

KEY MESSAGE

� Increased plasma Klotho concentrations were associated with good functional outcome in
patients with acute ischemic stroke.
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1. Introduction

Klotho, identified as a gene that suppresses ageing, is
predominantly present in the renal tubular epithelium,
parathyroid gland, and the choroid plexus of the brain
[1]. The importance of Klotho has been emphasized
following studies involving the Klotho knock-out
mouse model, which reported that decreased Klotho
was associated with human aging-like phenotypes
shortened life expectancy and that overexpression of
Klotho was associated with an extended life span [2,3].
Klotho exist in form of membrane or circulatory
Klotho in humans. In the kidney, membrane Klotho
works as a co-receptor for fibroblast growth factor
(FGF)-23, and leads to phosphate secretion into the

urine [4]. Circulatory Klotho is involved in regulation
of endothelium derived nitric oxide production, and
calcium homeostasis in the kidney [5,6].

The incidence of stroke has caused a major global
burden due to its high rate of mortality and residual
disability [7]. Therefore, it is important for patients, as
well as for socio-economic reasons to regulate and
identify factors associated with the prognosis of
stroke. As mentioned above, because Klotho is
involved in molecular mechanisms related to vascular
pathophysiology, concentrations of Klotho might be
associated with occurrence and outcome of vascular
disease, including stroke. Previously, some studies
reported that increased plasma Klotho concentrations
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were an independently associated risk for cardiovascu-
lar disease, variation of the Klotho gene was associ-
ated with chance of early onset coronary disease [2,8].
However, previous biomarkers related to the stroke
outcome have been reported [9,10], studies on the
association Klotho with prognosis of stroke have been
limited to date.

In our study, we hypothesized that increased
plasma Klotho concentrations would be independently
associated with good functional outcome at three
months in patients with acute cerebral infarction.

2. Materials and methods

2.1. Subjects

Between June 2014 and May 2016, we prospectively
enrolled 262 patients with first-ever acute ischemic
stroke who were admitted to the hospital within
seven days of symptom onset, and whose subtypes of
stroke were classified as large artery atherosclerosis,
cardioembolism, or lacunar infarction. All patients
were evaluated by protocol of our hospital, which
includes 12-lead electrocardiography, chest x-ray, rou-
tine blood tests [white blood cell count and creatinine
levels at admission; and levels of vitamin D (25(OH)D),
fasting glucose, HbA1c, triglyceride, total cholesterol,
low density lipoprotein, hemoglobin, total calcium,
phosphate, albumin, alkaline phosphatase, uric acid
and C-reactive protein after 12 hours fasting period],
imaging studies (CT and/or MRI, CT angiography, MR
angiography or digital subtraction angiography)
[11,12]. Patients were not enrolled if they did not con-
sent to participate in the study and did not consent
to blood collection for plasma Klotho analysis and
when they had a previous history of cancer or auto-
immune disease or bone fractures in the last two
months. The definition of risk factors was reported in
the Supplementary Methods in a previous study [11].
Neurological status was calculated using the National
Institutes of Health Stroke Scale (NIHSS) as soon as
patient got admitted [13]. Cerebral atherosclerosis was
defined as the presence of one or more vessels with
over 50% stenosis or occlusion in extracranial or intra-
cranial cerebral arteries [14]. High-grade white matter
hyperintensities (HWMHs) were regarded as a Fazekas
score of �2 in periventricular white matter and/or
deep white matter [15]. The Kappa value was 0.92 for
the presence of high grade white matter hyperinten-
sities. Subtypes of stroke were grouped by the Trial of
Org 10172 in Acute Stroke Treatment (TOAST) classifi-
cation system [16]. Briefly, large artery atherosclerosis
was diagnosed if the patient had significant (�50%)

stenosis or occlusion of the large artery supplying the
vascular territory of lesion. Cardioembolism was identi-
fied if the patient had at least one definite cardioem-
bolic source. Lacunar infarction was defined as a
single, small (< 15mm), penetrating artery infarction
of deep area but no significant stenosis (< 50%) of
the artery supplying the vascular territory of the
infarction site and no possibility of identification of
the cardioembolic source [14,17,18]. Acute ischemic
lesions were considered as hyperintense lesions on dif-
fusion weighted images (DWI) and relevant hypoin-
tense lesions on apparent diffusion coefficient map
images. Cerebral infarction volume was checked in all
enrolled patients by using semi-automated computer-
ized software (Xelis, Infinitt, Korea) [17]. Three month
modified Rankin scale (mRS) outcome was assessed by
a well-trained research nurse [19]. This study was
approved by our Institutional Review Board (ECT 2014-
04-023), and we received informed consent from all
participants and their closest relatives.

2.2. Measurement of plasma Klotho concentrations

For estimation of plasma Klotho concentrations, blood
samples in EDTA tubes were immediately collected at
admission. Plasma was separated by centrifugation
(1900g, 15min) at 4 �C [17]. The acquired plasma was
stored at �80 �C until analysis. An enzyme-linked
immunosorbent assay (Immuno-Biological Laboratories,
Gunma, Japan) was used for the evaluation of plasma
Klotho concentration [20]. Plasma Klotho concentrations
were measured by researchers who were blinded to
the clinical data (Y.C. and Y.M.J). Intra-assay and inter-
assay coefficients of variability were 3.1 and 6.9%,
respectively.

2.3. Statistical analysis

All statistical analysis was conducted by using SPSS
software for Windows version 21.0 (SPSS, Chicago, IL,
USA) or R package for Windows version 3.0.2 (R
Foundation for Statistical Computing, Vienna, Austria).
Categorical variables were analysed using Chi-square
or Fisher’s exact test, and continuous variables were
analysed using independent t-test, Mann–Whitney test
or one-way ANOVA test.

To evaluate correlations of plasma Klotho concen-
trations with stroke severity (NIHSS), cerebral infarction
volume on DWI, and other blood laboratory findings,
Spearman correlation analyses were performed.
Multivariate analyses were conducted to investigate
associated factors for good functional outcome.
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Intracranial and extracranial cerebral atherosclerosis
were dichotomized as cerebral atherosclerosis due to
over-fitting in logistic regression. For logistic regres-
sion, plasma Klotho and FGF-23 were transformed by
dividing 100 unit. Patients were grouped by good
(mRS < 3) or poor (mRS �3) outcome for logistic
regression. Age, sex, and other variables showing
p< .1 during univariate analysis were entered into
multivariate analyses. Subgroup analysis for the associ-
ation of plasma Klotho concentrations with functional
outcome was performed according to stroke subtype,
NIHSS, and cerebral infarction volume. Owing to multi-
collinearity, the variables of NIHSS and cerebral infarc-
tion volume were separately entered in multivariate
analysis and subgroup analysis. For investigating the
prognostic ability of plasma Klotho levels in predicting
good functional outcomes, receiver operating charac-
teristic curve analysis was performed. The area under
the curve (AUC) was calculated and the optimal cut-

off value of plasma Klotho levels was defined at the
level with the highest Youden index (sensitivityþ
specificity–1). To measure improvement in prediction
performance by addition of plasma Klotho levels,
change of AUC was computed. All p values were cal-
culated using the two-tailed test. The p values below
.05 indicate statistical significance.

3. Results

Demographic data of study patients are shown in
Table 1. Of the 262 patients, 152 (58.0%) were men.
The mean age was 64.7 years. The mean± standard
deviation of plasma Klotho concentrations was
312.7 ± 153.3 pg/mL. The study population was catego-
rized into quartiles according to the plasma Klotho
concentrations (149.7 ± 29.1, 242.9 ± 23.2, 337.1 ± 26.7
and 522.1 ± 128.8 pg/mL). The NIHSS, cerebral infarc-
tion volume, cerebral atherosclerosis, FGF-23 and

Table 1. Characteristics of the study subjects according to quartile of plasma Klotho concentrations.

Total
(n¼ 262)

Klotho quartile

p ValueQuartile 1 (n¼ 65) Quartile 2 (n¼ 66) Quartile 3 (n¼ 66) Quartile 4 (n¼ 65)

Plasma Klotho, pg/mL 312.7 ± 153.3 149.7 ± 29.1 242.9 ± 23.2 337.1 ± 26.7 522.1 ± 128.8 –
Demographics
Sex, male 152 (58.0) 34 (52.3) 40 (60.6) 40 (60.6) 38 (58.5) .744
Age, years 64.7 ± 12.3 67.6 ± 13.5 63.9 ± 11.0 63.5 ± 12.3 63.8 ± 12.1 .186
Body mass index, kg/m2 24.0 ± 3.3 23.5 ± 3.1 24.4 ± 3.6 23.8 ± 3.2 24.3 ± 3.4 .379

Risk factors
Hypertension 153 (58.4) 39 (60.0) 36 (54.5) 41 (62.1) 37 (56.9) .824
Diabetes mellitus 108 (41.2) 26 (40.0) 30 (45.5) 25 (37.9) 27 (41.5) .841
Hypercholesterolemia 74 (28.2) 19 (29.2) 15 (22.7) 24 (36.4) 16 (24.6) .309
Coronary artery disease 47 (17.9) 16 (24.6) 12 (18.2) 10 (15.2) 9 (13.8) .383
Smoking 98 (37.4) 21 (32.3) 26 (39.4) 24 (36.4) 27 (41.5) .720
Alcohol intake 73 (27.9) 19 (29.2) 21 (31.8) 21 (31.8) 12 (18.5) .267

Prior medication
Antithrombotics 55 (21.0) 18 (27.7) 16 (24.2) 10 (15.2) 11 (16.9) .242
Statins 53 (20.2) 13 (20.0) 13 (19.7) 13 (29.7) 14 (21.5) .993

NIHSS 3 [2–6] 6 [2–8] 3 [2–6] 3 [1–5] 3 [2–5] .002
Cerebral infarction volume, �103, mm3 2.9 ± 7.9 5.0 ± 10.2 3.9 ± 9.7 1.6 ± 5.3 0.9 ± 3.9 <.001
Cerebral atherosclerosis 113 (43.1) 38 (58.5) 29 (43.9) 23 (34.8) 23 (35.4) .021
High-grade white matter hyperintensities 64 (24.4) 20 (30.8) 20 (30.3) 16 (24.2) 8 (12.3) .050
Stroke subtype .324
Cardioembolism 47 (17.9) 14 (21.5) 12 (18.2) 9 (13.6) 12 (18.5) –
Large artery atherosclerosis 108 (41.2) 31 (47.7) 21 (31.8) 31 (47.0) 25 (38.5) –
Small vessel occlusion 107 (40.8) 20 (30.8) 33 (50.0) 26 (39.4) 28 (43.1) –

Blood laboratory findings
Fibroblast growth factor-23, pg/mL 347.5 ± 549.6 797.6 ± 923.0 209.7 ± 267.5 205.9 ± 137.0 181.2 ± 119.5 <.001
Vitamin D 25(OH)D, ng/mL 20.1 ± 6.8 19.1 ± 6.4 20.9 ± 7.6 19.9 ± 6.6 20.6 ± 6.6 .416
Fasting glucose, mg/dL 116.2 ± 42.3 112.7 ± 34.0 119.2 ± 42.8 125.6 ± 56.4 107.1 ± 29.4 .071
HbA1c, % 6.5 ± 1.4 6.4 ± 1.1 6.4 ± 1.1 6.6 ± 2.0 6.6 ± 1.3 .595
Triglyceride, mg/dL 129.0 ± 95.6 141.6 ± 91.3 123.8 ± 70.0 127.7 ± 82.5 122.8 ± 129.7 .659
Total cholesterol, mg/dL 177.5 ± 38.9 181.1 ± 42.3 173.3 ± 32.6 180.0 ± 44.8 175.7 ± 35.0 .631
Low density lipoprotein, mg/dL 115.0 ± 36.9 116.1 ± 42.5 116.0 ± 30.2 114.8 ± 41.8 113.0 ± 32.1 .961
White blood cell count, �103 7.3 ± 2.4 7.9 ± 2.7 7.8 ± 2.7 6.5 ± 1.7 7.2 ± 2.2 .004
Haemoglobin, mg/dL 13.5 ± 1.6 13.1 ± 1.6 13.6 ± 1.5 13.3 ± 1.5 13.8 ± 1.6 .097
Creatinine, mg/dL 1.0 ± 0.8 1.2 ± 1.2 0.9 ± 0.2 1.0 ± 1.0 0.8 ± 0.1 .083
Total calcium, mg/dL 8.3 ± 0.4 8.2 ± 0.4 8.2 ± 0.4 8.2 ± 0.4 8.2 ± 0.4 .925
Phosphate, mg/dL 3.1 ± 0.6 3.1 ± 0.6 3.1 ± 0.5 3.1 ± 0.5 3.1 ± 0.6 .946
Albumin, mg/dL 3.7 ± 0.3 3.6 ± 0.4 3.7 ± 0.3 3.7 ± 0.3 3.7 ± 0.3 .257
Alkaline phosphatase, IU/L 224.4 ± 72.2 219.9 ± 73.5 219.5 ± 70.4 236.0 ± 71.8 222.0 ± 73.4 .506
Uric acid, mg/dL 4.8 ± 1.6 4.9 ± 2.0 5.2 ± 1.6 4.5 ± 1.5 4.7 ± 1.1 .075
C-reactive protein, mg/L 0.9 ± 2.8 1.2 ± 2.1 1.1 ± 4.5 0.7 ± 1.6 0.7 ± 1.8 .609

Data are shown as n (%), mean ± standard deviation, or median [interquartile range].
NIHSS: National Institutes of Health Stroke Scale.
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white blood cell count were significantly different
according to quartiles of the plasma Klotho concentra-
tions (Table 1). Comparing patients had good outcome
with those who had poor outcome, as opposed to
patients with good outcome, plasma Klotho levels
were lower in patients with poor outcome
(207.8 ± 96.2 vs. 342.5 ± 153.5 pg/mL, p¼ .021). As
opposed to patients with good outcome, patients
with poor outcome were older (69.1 ± 13.0 vs.
63.5 ± 11.8 years), and more frequently had cerebral
atherosclerosis (58.6% vs. 38.7%, p¼ .007), cardioem-
bolic (31.0% vs. 14.2%) and large artery atherosclerosis
(46.6% vs. 39.7%) subtypes (p¼ .001), and less fre-
quently had taken pre-stroke statin medications
(12.1% vs. 22.5%, p¼ .080). Patients with poor out-
come also had higher NIHSS scores (median 8, inter-
quartile range [6–13] vs. 3 [1–5]), FGF-23 (759.1 ± 986.9
vs. 230.5 ± 229.7 pg/mL), white blood cell counts

Table 2. Comparison of clinical and brain image findings according to clinical out-
come at three months after index stroke.

mRS <3 (n¼ 204) mRS �3 (n¼ 58) p Value

Demographics
Sex, male 123 (60.3) 29 (50.0) .161
Age, years 63.5 ± 11.8 69.1 ± 13.0 .002
Body mass index, kg/m2 24.1 ± 3.3 23.8 ± 3.6 .552

Risk factors
Hypertension 117 (57.4) 36 (62.1) .520
Diabetes mellitus 86 (42.2) 22 (37.9) .564
Hypercholesterolemia 60 (29.4) 14 (24.1) .431
Coronary artery disease 35 (17.2) 12 (20.7) .536
Smoking 80 (39.2) 18 (31.0) .256
Alcohol intake 58 (28.4) 15 (25.9) .700

Prior medication
Antithrombotics 39 (19.1) 16 (27.6) .162
Statins 46 (22.5) 7 (12.1) .080

NIHSS 3 [1–5] 8 [6–13] .001
Cerebral infarction volume, �103, mm3 0.4 ± 1.0 11.4 ± 13.8 .001
Cerebral atherosclerosis 79 (38.7) 34 (58.6) .007
High-grade white matter hyperintensities 46 (22.5) 18 (31.0) .184
Stroke subtype .001
Cardioembolism 29 (14.2) 18 (31.0) –
Large artery atherosclerosis 81 (39.7) 27 (46.6) –
Small vessel occlusion 94 (46.1) 13 (22.4) –

Blood laboratory findings
Klotho, pg/mL 342.5 ± 153.5 207.8 ± 96.2 .001
Fibroblast growth factor-23, pg/mL 230.5 ± 229.7 759.1 ± 986.9 .001
Vitamin D 25(OH)D, ng/mL 20.2 ± 7.0 19.8 ± 6.1 .696
Fasting glucose, mg/dL 116.3 ± 43.6 115.7 ± 37.9 .921
HbA1c, % 6.5 ± 1.4 6.6 ± 1.3 .482
Triglyceride, mg/dL 125.5 ± 101.0 141.0 ± 72.8 .277
Total cholesterol, mg/dL 175.6 ± 38.7 184.5 ± 39.2 .124
Low density lipoprotein, mg/dL 113.3 ± 35.8 121.0 ± 40.0 .160
White blood cell count, �103 7.0 ± 2.2 8.5 ± 2.8 .001
Haemoglobin, mg/dL 13.5 ± 1.6 13.4 ± 1.6 .738
Creatinine, mg/dL 0.9 ± 0.6 1.1 ± 1.2 .174
Total calcium, mg/dL 8.2 ± 0.4 8.2 ± 0.4 .886
Phosphate, mg/dL 3.1 ± 0.5 3.1 ± 0.7 .759
Albumin, mg/dL 3.7 ± 0.3 3.6 ± 0.3 .210
Alkaline phosphatase, IU/L 223.4 ± 71.5 227.7 ± 74.9 .688
Uric acid, mg/dL 4.8 ± 1.4 4.9 ± 2.2 .864
C-reactive protein, mg/L 0.6 ± 1.4 2.2 ± 5.1 .001

Data are shown as n (%), mean ± standard deviation, or median [interquartile range].
mRS: modified Rankin scale; NIHSS: National Institutes of Health Stroke Scale.

Table 3. Correlation of plasma Klotho with clinical and blood
laboratory findings.
Variables Spearman’s Rho p Value

Clinical findings for stroke severity
NIHSS �0.253 <.001
Cerebral infarction volume �0.223 <.001

Blood laboratory findings
Fibroblast growth factor-23, pg/mL �0.325 .001
Vitamin D (25(OH)D), ng/mL 0.063 .312
Fasting glucose, mg/dL �0.059 .338
HbA1c, % 0.059 .342
Triglyceride, mg/dL �0.175 .004
Total cholesterol, mg/dL �0.042 .500
Low density lipoprotein, mg/dL �0.043 .485
White blood cell count, �103 �0.112 .070
Haemoglobin, mg/dL 0.110 .076
Creatinine, mg/dL �0.130 .035
Total calcium, mg/dL �0.071 .250
Phosphate, mg/dL 0.011 .858
Albumin, mg/dL 0.054 .386
Alkaline phosphatase, IU/L 0.030 .630
Uric acid, mg/dL �0.056 .366
C-reactive protein, mg/L �0.181 .003

NIHSS: National Institutes of Health Stroke Scale.
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(8.5 ± 2.8 vs. 7.0 ± 2.2, count � 103) and C-reactive pro-
tein (2.2 ± 5.1 vs. 0.6 ± 1.4mg/L) (Table 2).

The plasma Klotho concentrations were significantly
and negatively associated with NIHSS (Rho¼ �0.253,
p< .001), cerebral infarction volume (Rho¼ �0.223,
p< .001), FGF-23 (Rho¼ �0.325, p¼ .001), creatinine
(Rho¼ �0.130, p¼ .035) and C-reactive protein
(Rho¼ �0.181, p¼ .003) (Table 3). However, there
were no significant differences of Klotho concentration
according to stroke subtype (p¼ .766) (Supplementary
Table 1).

3.2. Association between plasma Klotho levels
and functional outcome

In total enrolled patients, good functional outcome
(mRS < 3) was noted in 204 (77.2%) patients. After
adjusting for age, sex and other variables (statin
intake, NIHSS, cerebral atherosclerosis, stroke subtype,
FGF-23, white blood cell count and C-reactive protein)
with p< .1 during univariate analysis, decreased
plasma Klotho concentrations were independently
associated with good functional outcome (odds ratio:
2.42; 95% confidence interval: 1.45–4.04; p < .001)
(Table 4, Supplementary Table 2).

In subgroup analysis, the positive association of
Klotho concentration with good functional outcome
was consistently noted regardless of stroke subtype (p
for interaction¼ .670) and quartiles cerebral infarction
volume (p for interaction¼ .481). In contrast, the posi-
tive association of Klotho concentration with good
functional outcome was significant in patients with
relatively high (�3 quartile) NIHSS (p for inter-
action¼ .017) (Supplementary Table 3).

In receiver operating characteristic curve analysis,
the AUC of plasma Klotho concentrations for

predicting good functional outcome was 0.789 (95%
confidence interval: 0.723–0.855). The optimal cut-off
value of plasma Klotho concentrations were 186.0 pg/
mL. Comparing the AUC of multivariate analysis with
and without plasma Klotho concentrations, the AUC
was significantly increased from 0.940 (95% confi-
dence interval: 0.912–0.968) to 0.958 (95% confidence
interval: 0.936–0.981; p¼ .022) (Figure 1(A,B)).

4. Discussion

Our study demonstrated that increased plasma Klotho
concentrations were significantly associated with good
functional outcome at 3 months in patients with
acute stroke.

Studies analysing the relationship between Klotho
and cardiovascular disease, including stroke in human,
are rare and most of them are genetic studies. These
genetic studies showed that genetic variant of Klotho
was correlated with risk for early-onset ischemic stroke
[21], and was a predictor of stroke [22]. With regard to
Klotho levels, previous clinical research showed that
low circulating Klotho levels correlated with increased
brachial-ankle pulse wave velocity, representing arter-
ial stiffness in patients with renal failure [23].
Moreover, low Klotho concentrations were also associ-
ated with vascular cognitive impairment [24], and
were related to the presence and severity of coronary
artery diseases in patients where coronary angiog-
raphy or cardiac surgery was performed [25]. On the
other hand, some studies did not show a relationship
between Klotho and cardiovascular outcome. For
example, plasma Klotho was not related to athero-
sclerotic events/death or decompensated heart failure/
death in patients with chronic renal failure [26], car-
diovascular disease in dialysis patients [27], mean

Table 4. Multivariable analysis for good clinical outcome at three months
after index stroke with following dependent variables.

Variables

�Odds ratio
(95% confidence interval) p Value

Sex, male 0.67 (0.21–2.10) .493
Age, years 0.97 (0.92–1.01) .173
Prior stroke statin use 13.05 (2.08–81.88) .006
NIHSS 0.55 (0.44–0.69) <.001
Cerebral atherosclerosis 2.06 (0.60–7.08) .250
Stroke subtype
Cardioembolism 1.21 (0.29–5.11) .792
Large artery atherosclerosis 1.43 (0.38–5.40) .602
Small vessel occlusion References

Plasma Klotho (per 100 unit) 2.42 (1.45–4.04) <.001
Fibroblast growth factor-23 (per 100 unit) 0.88 (0.79–0.98) .025
White blood cell count 0.98 (0.80–1.20) .831
C-reactive protein 0.93 (0.76–1.13) .454

Data are shown as odds ratio (95% confidence interval).
NIHSS: National Institutes of Health Stroke Scale.�Adjusted for sex, age, prior stroke statin use, NIHSS, cerebral atherosclerosis, stroke sub-
type, fibroblast growth factor-23, white blood cell count and C-reactive protein.
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platelet volume and platelet distribution width that
may underlie thromboembolic disorders as opposed
to FGF-23 [28]. Although there are discrepancies, our
study found new information suggesting that
increased plasma Klotho concentrations were associ-
ated with good functional outcome, particularly in
patients with acute ischemic stroke.

In our study, Klotho concentration was associated
with not only functional outcome but also initial
stroke severity (NIHSS and cerebral infarction volume),
particularly in patients with severe stroke (high NIHSS).
In other words, the reason for the positive relationship
between Klotho concentrations and good functional
outcome may be that the Klotho concentrations are
related to the initial stroke severity. However, even if
the NIHSS was adjusted in multivariate analysis, Klotho
concentration was significantly associated with a func-
tional outcome. Therefore, it can be assumed that
Klotho concentration is independently related to func-
tional recovery or outcome in addition to Klotho’s
relationship with initial stroke severity.

Although our study did not suggest an exact mech-
anism for the relationship of plasma Klotho with poor
functional outcome and stroke severity, some hypoth-
eses may explain this association. First, endothelial
dysfunction contributes to pathogenesis of stroke,
leading to aggravated stroke severity, progression of
the stroke and poor outcome [29–31]. In a previous
animal study, in-vivo gene delivery of Klotho protected
against endothelial dysfunction [32]. The Klotho is

cleaved and released into the blood (circulatory form)
where it may work as a vasculo-protective hormone,
increasing nitric oxide availability in the endothelium
[33]. Therefore, decreased plasma Klotho concentra-
tions may decrease protection against endothelial dys-
function, and hence may be associated with poor
functional outcome. Second, Klotho is concerned in
the vascular protection through inhibition of angioten-
sin II-induced reactive oxygen species, which is
involved in cell apoptosis and inflammation [34,35]. In
stroke, reactive oxygen species is closely correlated
with stroke severity, stroke progression and poor out-
come [36,37]. Down-regulation of inflammation and
the vascular protective effect of Klotho may support
our results. Third, arterial stiffness is closely correlated
with functional outcome of acute cerebral infarction
and initial stroke severity [38,39]. Klotho is involved in
preservation of arterial wall integrity and pathogenesis
of arterial stiffness or vascular calcification [23,40].
Therefore, decreased Klotho, an independent factor for
arterial stiffness, may lead to poor outcome or severe
stroke in acute ischemic stroke.

There are some limitations to this study. We did
not estimate blood samples from the normal popula-
tion. However, the main goals of our study were to
compare plasma Klotho concentrations between good
and poor functional outcome patients at 3 months
after index stroke. Second, all of the blood samples
were acquired from patients at admission. Therefore,
we could not examine serial changes in Klotho during

Figure 1. Results of receiver operating characteristic analysis for plasma alpha-Klotho concentration. (A) Receiver-operating charac-
teristic curve using plasma alpha-Klotho concentrations alone for investigating poor functional outcome. Black arrowhead indicates
the optimal cut-off point of plasma alpha-Klotho concentrations by Youden method. (B) Change in the AUC after the addition of
plasma alpha-Klotho concentrations to the multivariate model for poor functional outcome.
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the course of a stroke. Third, the median NIHSS of the
South Korea ischemic stroke was four points [41],
which was almost similar to our dataset but slightly
higher. This is presumably due to our study exclusion
of the stroke undetermined stroke subtype such as
two or more causes identified subtype, which is
known to have relatively poor prognosis [42].

In conclusion, increased plasma Klotho concentra-
tions were independently associated with good func-
tional outcome in patients with acute ischemic stroke.
We attribute these associations to the pleiotropic
effects of Klotho in stroke and vascular diseases.
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