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Serum retinol-binding protein 4 in
stroke patients: correlation with T
helper 17/regulatory T cell
iImbalance and 3-year cognitive
function decline

Fei Wang', Yaqin Qin' and Zongyou Li*

Department of Neurology, Fuyang People’'s Hospital, Fuyang, China

Objective: Retinol-binding protein 4 (RBP4) promotes atherosclerotic progression
and neuronal loss, whereas its association with cognitive impairment in stroke is
unclear. Hence, this prospective study aimed to explore the association of serum
RBP4 with the T helper (Th)17/regulatory T (Treg) cell ratio and its correlation with
cognitive impairment in stroke patients.

Methods: Peripheral blood samples from 265 stroke patients and 50 healthy
controls (HCs) were collected at enrollment for serum RBP4 (by enzyme-linked
immunosorbent assay) and Th17 and Treg cells (by flow cytometry) determination.
Additionally, stroke patients underwent routine follow-ups, and their Mini-Mental
State Examination (MMSE) scores were assessed at baseline and in years 1, 2, and
3 after enrollment.

Results: Serum RBP4 was elevated in stroke patients compared to HCs (p < 0.001),
with a good ability to differentiate stroke patients from HCs (area under the
curve: 0.815). Serum RBP4 was positively associated with Th17 cells (p<0.001)
and the Th17/Treg cell ratio (p <0.001) and negatively associated with Treg cells
(p =0.003) in stroke patients, whereas it was only positively associated with the
Th17/Treg cell ratio (p =0.027) but not with Th17 (p =0.075) or Treg (p = 0.130)
cells in HCs. Furthermore, increased serum RBP4 was associated with a lower
MMSE score (p <0.001) and a lower incidence of cognition impairment (p = 0.005)
at enrollment in stroke patients, as were Thl7 cells and the Th17/Treg cell ratio
(all p<0.050). The 1-, 2-, and 3-year MMSE scores in stroke patients were
259+2.0, 25.3+2.3, and 24.9 + 2.3, respectively. More importantly, serum RBP4
was negatively correlated with 1-, 2-, and 3-year MMSE scores (all p<0.001)
and positively associated with 1-year (p =0.013), 2-year (p =0.007), and 3-year
(p =0.001) MMSE score declines in stroke patients.

Conclusion: Serum RBP4 is positively associated with a Th17/Treg cell imbalance
and, more importantly, it is indicative of cognitive function decline within 3years
in stroke patients. Thus, early and timely interventions and physical rehabilitation
are more necessary in stroke patients with high serum RBP4.

stroke, retinol-binding protein 4, T helper 17/regulatory T imbalance, cognitive
impairment, cognitive function decline
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Introduction

Stroke, including ischemic and hemorrhagic subtypes, is a common
cerebrovascular disease characterized by high disability and fatality (1,
2). It is estimated that there are 2.4 million new cases of stroke and 1.1
million stroke-related deaths in China each year (3). At present, the
standardized comprehensive treatment for ischemic stroke mainly
involves intravenous thrombolysis, endovascular thrombectomy,
antiplatelet therapy, etc. (4, 5). For the treatment of hemorrhagic stroke,
cranjopuncture, blood pressure and elevated intracranial pressure
management, etc., are generally applied depending on the specific
situation (6). Despite the progress and advancement in stroke treatment,
the outcome of stroke is still not ideal, with cognitive impairment in
over 70% of stroke survivors (7-9). At present, the management of post-
stroke cognitive impairment mainly includes the following two aspects:
pharmacological treatment (for example, with cholinesterase inhibitors,
memantine, cerebrolysin, etc.) and cognitive rehabilitation; nonetheless,
the occurrence and exacerbation of cognitive impairment are still
prevalent and increase the risk of disability (8, 10). Consequently,
seeking biomarkers to identify stroke patients at high risk for cognitive
dysfunction is helpful to improve their rehabilitation and prognosis.

Retinol binding protein 4 (RBP4), a transport protein belonging to
the lipocalin family, is implicated in the incidence and progression of
atherosclerosis by inducing macrophage-divided foam cell formation
and regulating the Janus kinase 2/signal transducer and activator of
transcription 3 (JAK2/STAT3) signaling pathway (11-14). From a
clinical point of view, a previous study suggested that higher RBP4 was
associated with increased disease severity and a worse physical and
functional outcome in acute ischemic stroke (AIS) patients (15).
Another study found that AIS patients with lower RBP4 were more
likely to experience disease progression and disability (16). However,
the correlation of RBP4 with cognitive impairment induced by multiple
factors (such as the imbalance of T helper (Th)17 and regulatory T
(Treg), neuronal loss, etc.) has rarely been reported in stroke patients
thus far. Notably, in addition to facilitating atherosclerosis development,
RBP4 also facilitates neuronal loss (17-19). For instance, one study
revealed that RBP4 regulates cortical and hippocampal (CA3) neuronal
loss (18). Another study showed that RBP4 aggravates neuronal loss by
modulating lipoprotein-associated phospholipase A2 (Lp-PLA2) and
netrin-1 (17). Conceivably, RBP4 is speculated to possess a predictive
role for cognitive impairment in stroke patients.

Therefore, this prospective study aimed to investigate the
association of serum RBP4 with Th17/Treg balance, disease
characteristics, and the long-term progression of cognitive impairment
in stroke patients.

Materials and methods
Participants

A total of 265 stroke patients were consecutively enrolled between
March 2019 and January 2020. Inclusion criteria were as follows: (i)
diagnosed with stroke according to an American Heart Association/
American Stroke Association (AHA/ASA) guideline (20) and (ii)
age> 18 years. Exclusion criteria were as follows: (i) malignant disease,
(ii) immune system disease or active infection, (iii) global or receptive
aphasia, (iv) intracranial hemorrhage, and (v) lactation or pregnancy.
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In addition, a total of 50 healthy subjects with no abnormalities on
recent physical examination were included as healthy controls (HCs)
if they met the following conditions: (i) age- and gender-matched with
stroke patients; (ii) without a malignant disease; (iii) without a history
of stroke or subclinical stroke; (iv) without an immune system disease
or active infection; and (v) not pregnant or lactating. This study was
approved by the Ethics Committee of Fuyang People’s Hospital, and
informed consent was obtained from each participant or guardian.

Data and sample collection

Characteristics that included demographics, comorbidities, and
disease-related information were collected from stroke patients.
Peripheral blood (PB) samples were collected from all participants
(stroke patients, collected at admission or revisit; HCs, collected after
enrollment). Each PB sample was divided into two parts: one part was
used to extract serum for RBP4 detection, and the other part was used
for Th17 and Treg cell detection.

RBP4 detection

Serum RBP4 was determined by the enzyme-linked
immunosorbent assay (ELISA) method using Human RBP4
Quantikine ELISA Kits (No. Cat. DRB400, R&D Systems, Inc.,
Minneapolis, Minnesota, United States). The experimental steps
are briefly summarized as follows: first, standards or samples were
added to the precoated microplates and incubated for 1h at
37°C. Next, the antibody conjugate was added and incubated for
1h at 37°C. After washing, substrate solution was added and
further incubated for 30 min at 37°C. Finally, stop solution was
added, and the intensity of the color was read at 450 nm within
30 min using a Multiskan spectrometer (Thermo Fisher Scientific,
Inc., Waltham, Massachusetts, United States). Samples were tested
in triplicate.

Thl7 and Treg cell detection

First, CD4" T cells were separated from the PB samples using a
Dynabeads™ FlowComp™ Human CD4 kit (No. Cat. 11361D,
Thermo Fisher Scientific, Inc., Waltham, Massachusetts,
United States). Then, the proportions of Th17 and Treg cells in CD4*
T cells were determined by flow cytometry (FCM) using the FlowX
Human Th17 Cell Multi-Color Flow Cytometry Kit (No. Cat.
FMC007B, R&D Systems, Inc., Minneapolis, Minnesota,
United States) and the Regulatory T Cell (Treg) Flow Cytometry Panel
(No. Cat. FMC-P-004, R&D Systems, Inc., Minneapolis, Minnesota,
USA). The Th17/Treg ratio was then calculated. All tests were
performed in strict accordance with the reference method of the kit
used. Samples were tested in triplicate.

Follow-up and evaluation

Stroke patients underwent routine follow-ups. Patients’
cognitive function was assessed using the Mini-Mental State
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Examination (MMSE) score at enrollment and every year
thereafter. The highest MMSE score was 30, and a score of less
than 27 was considered to indicate cognitive impairment (21).
The 1-, 2-, and 3-year declines in MMSE scores were defined as
the MMSE score at the 1°/2"/3" year after enrollment minus the
MMSE score at enrollment, respectively. During the follow-up
period, 42 (15.8%) patients were lost to follow-up, and 17 (6.4%)
patients died. Missing values from these patients were treated
as vacancies.

Statistics

SPSS v.22.0 (IBM, Inc., Amenk, New York, United States) and
GraphPad Prism v.7.0 (GraphPad Software, Inc., San Diego,
California, United States) were used for data processing and
figure generation, respectively. The Mann-Whitney U test and
Kruskal-Wallis H test were used for comparative analysis. A
receiver operating characteristic (ROC) curve demonstrated the
ability of serum RBP4 to distinguish between stroke patients and
HCs. A backward stepwise multivariable logistic regression
model was constructed to explore the prognostic ability of serum
RBP4, and the ROC curve was then used for validation.
Spearman’s test was utilized for correlation analysis. p <0.05 was
considered significant.

Results
Characteristics of stroke patients

Stroke patients comprised 103 (38.9%) women and 162
(61.1%) men, whose mean age was 68.9 + 8.2 years. Regarding
comorbidities, 214 (80.8%), 131 (49.4%), 79 (29.8%), 61 (23.0%),
and 110 (41.5%) patients had hypertension, hyperlipidemia,
diabetes, chronic kidney disease (CKD), and cardiovascular
disease (CVD), respectively. Additionally, 180 (67.9%) patients
were diagnosed with a first stroke, and the remaining 85 (32.1%)
patients were identified as having a recurrent stroke. The mean
MMSE score at enrollment was 26.5+ 1.9. A total of 105 (39.6%)
patients were assessed as having cognitive impairment at
enrollment. Specific information on stroke patients is shown in
Table 1.

Comparison of serum RBP4, Thl7, and
Treg cells between stroke patients and
HCs

Serum RBP4 was elevated in stroke patients compared to HCs
[median interquartile range (IQR): 33.0 (26.0-45.6) pg/mL vs.
19.1 (14.6-24.5) pg/mL, p <0.001] (Figure 1). Meanwhile, serum
RBP4 had a satisfactory value to distinguish stroke patients from
HCs, with an area under the curve (AUC) value of 0.815 (95%
confidence interval: 0.750-0.879). The best cut-off value of
serum RBP4 was 25.5 pg/mL (sensitivity: 0.762, specificity: 0.820)
(Supplementary Figure S1).
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TABLE 1 Characteristics of stroke patients.

Characteristics Stroke patients

(N = 265)

Age (years), mean+SD 68.9+8.2
Gender, No. (%)

Women 103 (38.9)
Men 162 (61.1)
Educational level, No. (%)

Primary school or less 106 (40.0)
Middle or high school 118 (44.5)
Undergraduate or above 41 (15.5)
Marital status, No. (%)

Married 133 (50.2)
Single/divorced/widowed 132 (49.8)
Place of residence, No. (%)

Urban 226 (85.3)
Rural 39 (14.7)
History of smoking, No. (%)

No 152 (57.4)
Yes 113 (42.6)
Hypertension, No. (%)

No 51(19.2)
Yes 214 (80.8)
Hyperlipidemia, No. (%)

No 134 (50.6)
Yes 131 (49.4)
Diabetes, No. (%)

No 186 (70.2)
Yes 79 (29.8)
CKD, No. (%)

No 204 (77.0)
Yes 61 (23.0)
CVD, No. (%)

No 155 (58.5)
Yes 110 (41.5)
Lesion location, No. (%)

Left 95 (35.9)
Right 95 (35.9)
Bilateral/brainstem/unknown 75 (28.2)
Diagnoses, No. (%)

First stroke 180 (67.9)
Recurrent stroke 85 (32.1)
MMSE score at enrollment, mean + SD 26.5£1.9
Cognitive impairment at enrollment, No. (%)

No 160 (60.4)
Yes 105 (39.6)

SD, standard deviation; CKD, chronic kidney disease; CVD, cardiovascular disease; MMSE,
Mini-Mental State Examination.
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Th17 cells were increased (p<0.001), but Treg cells were
decreased (p<0.001) in stroke patients compared to HCs.
Subsequently, the Th17/Treg ratio was elevated in stroke patients
compared with HCs (p <0.001) (Table 2).

Association of serum RBP4 with Th17/Treg
balance In stroke patients and HCs

In stroke patients, serum RBP4 was positively associated with
Th17 cells (p<0.001), and the Th17/Treg ratio (p<0.001) and
negatively associated with Treg cells (p=0.003). In addition, the
correlation of serum RBP4 with Th17 cells and the Th17/Treg ratio
was relatively strong, while its association with Treg cells was
relatively weak (Figures 2A-C). In HCs, serum RBP4 was positively
associated with the Th17/Treg ratio (p=0.027), but it was not
correlated with Th17 cells (p=0.075) or Treg cells (p=0.130)
(Figures 2D-F).

Association of serum RBP4 with
characteristics of stroke patients

Increased serum RBP4 was associated with hyperlipidemia
(p=0.017), CVD (p=0.006), and recurrent stroke (p=0.011).
However, it was not associated with age, gender, education level,
marital status, place of residence, history of smoking, hypertension,
diabetes, CKD, or lesion location (all p>0.050) (Table 3).

Z =-7.055, P<0.001
150+ 33.0 (26.0-45.6)
E 100
g 19.1 (14.6-24.5)
E o
m 50' o
o ag
0 — .
HCs Stroke patients
(N = 50) (N = 265)
FIGURE 1
Comparison of serum RBP4 between stroke patients and HCs.
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Association of serum RBP4 and Th17/Treg
balance with MMSE score and cognitive
impairment at enrollment in stroke patients

Serum RBP4 (p<0.001), Th17 cells (p <0.001), and the Th17/Treg
ratio (p=0.001) were negatively associated with MMSE score at
enrollment, but Treg cells (p=0.832) were not associated with MMSE
score at enrollment in stroke patients (Figures 3A-D).

Similarly, increased serum RBP4 (p=0.005), Th17 cells (p =0.004),
and Th17/Treg ratio (p=0.024) were associated with cognitive
impairment at enrollment, whereas Treg cells (p=0.958) were not
associated with cognitive impairment at enrollment in stroke patients
(Figures 4A-D).

Association of serum RBP4 with 1-, 2-, and
3-year MMSE scores and their decline in
stroke patients

1-, 2-, and 3-year MMSE scores in stroke patients were
25.9+2.0, 25.3+2.3, and 24.9+2.3, respectively (Figure 5A).
Serum RBP4 was negatively associated with 1- (p<0.001)
(Figure 5B), 2- (p<0.001) (Figure 5C), and 3-year (p <0.001)
(Figure 5D) MMSE scores. Moreover, 1-, 2-, and 3-year MMSE
score declines were 0.5+0.8, 1.1+ 1.1, and 1.6 + 1.3, respectively
(Figure 5E). Serum RBP4 was positively associated with 1-
(p=0.013) (Figure 5F), 2- (p=0.007) (Figure 5G), and 3-year
(p=0.001) (Figure 5H) MMSE score decline. Further backward
stepwise multivariable logistic regression models were
established, which showed that higher RBP4 was independently
associated with an increased risk of cognitive impairment in the
3" year (odds ratio=1.026, p=0.047) (Supplementary Table S1)
and a cognitive decline over 3 years (odds ratio=1.030, p=0.013)
(Supplementary Table S2) in stroke patients.

In addition, a predictive model was established using the combination
of serum RBP4 and hyperlipidemia, showing some ability to
estimate cognitive decline over a 3-year period (AUC=0.671)
(Supplementary Figure S2). Besides, the ROC curve showed the ability of
serum RBP4 to estimate the cognitive decline in stroke patients, with an
AUC value of 0.632 (Supplementary Figure S3).

Discussion

A small body of evidence suggests that increased RBP4
expression leads to activation of the innate immune response (22,
23). For instance, one study found that RBP4 promotes macrophage-
induced CD4" T cell activation and Thl polarization (22).
Additionally, another study showed that RBP4 overexpression

TABLE 2 Comparison of Th17 cells, Treg cells, and Th17/Treg ratios between stroke patients and HCs.

Iltems HCs (N =50) Stroke patients (N = 265) V4 p value
Th17 cells (%), median (IQR) 1.8 (1.1-3.1) 3.9 (3.0-5.6) ~7.801 <0.001
Treg cells (%), median (IQR) 7.6 (6.5-8.9) 49 (4.1-7.0) —6.343 <0.001
Th17/Treg ratio, median (IQR) 0.3(0.2-0.4) 0.7 (0.5-1.1) —9.362 <0.001

Th17, T helper 17; Treg, regulatory T; HCs, healthy controls; IQR, interquartile range. 1.
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FIGURE 2
Serum RBP4 was positively associated with a Th17/Treg imbalance. Association of serum RBP4 with Th17 cells (A), Treg cells (B), and the Th17/Treg ratio
(C) in stroke patients. Association of serum RBP4 with Th17 cells (D), Treg cells (E), and the Th17/Treg ratio (F) in HCs.

induced CD4* T cell infiltration (23). Consequently, it is speculated
that RBP4 may also regulate the Th17 ratio, which plays an essential
role in stroke progression (24). However, the association of RBP4
with Th17 cells has rarely been reported. As a result, the present
study focused on the correlation of RBP4 with Th17 cells, which
revealed that serum RBP4 was positively associated with Th17 cells
and the Th17/Treg ratio and negatively associated with Treg cells in
stroke patients. The probable explanation is as follows: RBP4
accelerated the release of adipokines (such as leptin, adiponectin,
etc.), and the latter facilitated T cell differentiation into Th17 cells,
but it had less of a regulatory role in Treg differentiation (25-27).
Thus, serum RBP4 was positively associated with Th17 cells and the
Th17/Treg ratio but showed a weak negative association with Treg
cells in stroke patients.

Apart from the positive relationship between serum RBP4 and
Th17/Treg imbalance, the current study also found that increased
serum RBP4 was associated with hyperlipidemia, CVD, and recurrent
stroke in stroke patients. Possible explanations are: (1) RBP4
increased the level of blood lipids by inducing apolipoprotein B
production (28). Therefore, elevated serum RBP4 was associated with
the occurrence of hyperlipidemia in stroke patients. (2) RBP4
promoted chronic vascular inflammation by modulating several
proinflammatory cytokines, such as vascular cell adhesion molecule
1 (VCAM-1), intercellular adhesion molecule 1 (ICAM-1), and
interleukin-6 (29). Considering that both lipid excess and
inflammation aggravate the development of atherosclerosis, serum
RBP4 has been positively correlated with CVD and the diagnosis of
recurrent stroke in stroke patients.

Frontiers in Neurology

Furthermore, it is well established that the Th17/Treg
imbalance exacerbates cognitive impairment (24, 30-32). For
instance, one study showed that an imbalance in Th17/Treg cells
exacerbates cognitive impairment by activating the STAT3
pathway (30). Another study found that Th17/Treg cells facilitate
cognitive deficits in a vascular dementia rat model (31). This
study showed that an elevated Th17/Treg ratio was associated
with a reduced MMSE score at enrollment in stroke patients,
which reflected the crucial role of the Th17/Treg imbalance in the
progression of cognitive impairment.

Regarding the involvement of RBP4 in cognitive disorders, a
biochemical analysis indicated that RBP4 is a potential biomarker
involved in immunological and coagulation pathways in Alzheimer’s
disease (33). Another study found that RBP4 concentration was
positively associated with cognitive dysfunction in diabetic
nephropathy patients with silent cerebral infarction (17). In
contrast, a previous study showed that RBP4 is not correlated with
the incidence or cognitive decline of dementia (34). This study has
shown that serum RBP4 was negatively associated with baseline (at
enrollment) and 1-, 2-, and 3-year MMSE scores but positively
associated with 1-, 2-, and 3-year MMSE score decline in stroke
patients. The possible reasons are: (1) RBP4 binding to Lp-PLA2
and netrin-1 aggravated neuronal loss and further led to cognitive
impairment (17, 18). As a result, serum RBP4 was negatively
associated with baseline and 1-, 2-, and 3-year MMSE scores but
positively associated with 1-, 2-, and 3-year MMSE score decline in
stroke patients. (2) As revealed by the correlation analysis between
serum RBP4 and Th17/Treg imbalance in this study, RBP4 may
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TABLE 3 Correlation of RBP4 with characteristics of stroke patients.

Characteristics

RBP4 (ng/mL), median

10.3389/fneur.2023.1217979

(IQR)
Age —1.120 0.263
<60years 29.7 (22.1-42.7)
>60years 33.1(26.2-46.4)
Gender —0.112 0.911
Women 32.3(25.3-48.1)
Men 33.2(26.2-43.9)
Educational level 4.178 0.124
Primary school or less 33.3(23.6-47.7)
Middle or high school 34.1(27.3-48.1)
Undergraduate or above 29.9 (25.3-35.9)
Marital status —0.164 0.870
Married 33.1 (26.4-42.6)
Single/divorced/widowed 32.5(25.4-47.5)
Place of residence —0.052 0.959
Urban 32.8(25.3-45.9)
Rural 33.3(28.2-36.9)
History of smoking —1.382 0.167
No 31.2(25.3-42.7)
Yes 34.6 (26.9-46.1)
Hypertension —1.226 0.220
No 32.5(20.3-44.7)
Yes 33.1 (26.3-46.0)
Hyperlipidemia —2.381 0.017
No 31.2 (25.0-41.6)
Yes 34.5 (26.8-51.0)
Diabetes —1.569 0.117
No 32.1(25.8-42.5)
Yes 35.0 (26.9-51.8)
CKD —0.806 0.420
No 32.8 (25.9-42.5)
Yes 33.5(26.4-49.5)
CVD —2.759 0.006
No 31.5 (25.3-40.8)
Yes 35.0 (27.4-51.9)
Lesion location 1.062 0.588
Left 32.4(26.1-37.6)
Right 33.3 (25.8-44.9)
Bilateral/brainstem/unknown 33.0 (23.8-51.2)
Diagnoses —2.543 0.011

First stroke

31.8 (25.3-40.3)

Recurrent stroke

36.2 (27.8-53.6)

RBP4, Retinol binding protein 4; IQR, interquartile range; CKD, chronic kidney disease; CVD, cardiovascular disease.

The effect size of Z was used for the characteristics, except for educational level and lesion location, where the effect size of H was used.
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Serum RBP4 and Th17/Treg imbalances were negatively associated with the MMSE score at enrollment. Association of serum RBP4 (A), Th17 cells (B),
Treg cells (C), and the Th17/Treg ratio (D) with MMSE score at enrollment in stroke patients.
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Serum RBP4 and Th17/Treg imbalances were associated with the occurrence of cognitive impairment at enrollment. Association of serum RBP4 (A),
Th17 cells (B), Treg cells (C), and the Th17/Treg ratio (D) with cognitive impairment at enrollment in stroke patients.
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FIGURE 5
Serum RBP4 was negatively associated with 1-, 2-, and 3-year MMSE scores and positively associated with a decline in scores over 3years. Detailed 1-,
2-, and 3-year MMSE scores in stroke patients (A). Association of serum RBP4 with 1-year (B), 2-year (C), and 3-year (D) MMSE scores in stroke
patients. Detailed 1-, 2-, and 3-year MMSE score decline in stroke patients (E). Correlation of serum RBP4 with 1- (F), 2- (G), and 3-year (H) MMSE
score decline in stroke patients.

exacerbate cognitive impairment by positively modulating Th17/
Treg imbalance, while further verification of this hypothesis
is warranted.

This study first demonstrated the positive correlation between
serum RBP4 and Thl17 cells and 3-year cognitive impairment in
stroke patients. However, the present study had several limitations:
(1) This was a single-center study, and selective bias existed. Further
multi-center is necessary to validate the findings. (2) PB samples were
collected only at patient enrollment, and the variation of serum
RBP4 in stroke patients remains unclear. (3) Although this study
revealed a positive correlation between serum RBP4 and Th17/Treg
imbalance in stroke patients, its underlying mechanism requires
further exploration. (4) The 3-year follow-up of the present study was
relatively short to estimate the predictive value of RBP4 for cognitive
decline, and long-term studies are needed to further validate the
findings. (5) Th2 cells participated in the cognitive impairment of
stroke patients according to the previous study (35), but the
correlation between serum RBP4 and Th2 cells was not explored in
the current study.

Conclusion

In summary, elevated serum RBP4 is associated with Th17/Treg
imbalance and aggravated 1-, 2-, and 3-year MMSE score decline,
with the potential to reflect cognitive impairment in stroke patients
to some extent. Consequently, early and timely interventions and
physical rehabilitation are more necessary in stroke patients with
high serum RBP4.
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