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ABSTRACT

Introduction: C1q tumor necrosis factor
(TNF)-related protein 9 (CTRP9) is a novel
member of the C1q/TNF superfamily. According
to our previous review, CTRP9 plays a vital role
in the process of cardiovascular diseases,
including regulating energy metabolism, mod-
ulating vasomotion, protecting endothelial
cells, inhibiting platelet activation, inhibiting
pathological vascular remodeling, stabilizing
atherosclerotic plaques, and protecting the

heart. We proposed that CTRP9 could play
multiple positive and beneficial roles in vascular
lesions in ischemic stroke (IS). Here, we aimed
to study the relationship between serum CTRP9
and the etiology, severity, and prognosis of IS
patients.
Methods: A total of 302 patients with IS and
173 non-stroke controls were selected from the
same hospital, and all patients with IS were
followed up 12 months after stroke onset.
Stroke etiology was classified according to the
Trial of ORG 10172 in Acute Stroke Treatment
classification. Symptomatic severity was deter-
mined using the National Institutes of Health
Stroke Scale score. The lesion volume of acute
cerebral ischemia was measured using magnetic
resonance imaging (MRI). The unfavorable
functional outcome was a combination of death
or major disability 12 months after stroke onset.
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Receiver operating characteristic (ROC) curves
and integrated discrimination improvement
(IDI) and net reclassification improvement
(NRI) statistics were applied in the statistical
analysis.
Results: We found that serum CTRP9 levels and
the ratios of CTRP9/total cholesterol (TC),
CTRP9/triglyceride (TG), CTRP9/low-density
lipoprotein cholesterol (LDL-C), and CTRP9/
high-density lipoprotein cholesterol (HDL-C)
were associated with the presence of IS. More-
over, the serum CTRP9 concentration was pos-
itively associated with the severity of IS.
Incorporation of CTRP9/LDL-C levels into a
fully adjusted model for IS-cardioembolic (CE)
improved discrimination and calibration, and
significantly improved reclassification. In addi-
tion, CTRP9 was a predictor of unfavorable
functional outcomes.
Conclusions: All the findings indicated that
serum CTRP9 could be a promising blood-
derived biomarker for the early evaluation and
prognosis assessment of IS.
Trial Registration: Chinese Clinical Trial Reg-
istry, ChiCTR1800020330.

Keywords: Ischemic stroke; Serum CTRP9;
Cardioembolic; Prognosis

Key Summary Points

According to our previous review, we
proposed that C1q tumor necrosis factor-
related protein 9 (CTRP9) could play
multiple roles in vascular lesions in
ischemic stroke (IS).

The present study explored the association
between serum CTRP9 levels and the
presence of IS, and investigated the
associations between CTRP9
concentrations and the etiology, severity,
and prognosis of IS.

All the findings indicated that the serum
CTRP9 could be a promising blood-
derived biomarker for the early evaluation
and prognosis assessment of IS.

INTRODUCTION

Globally, stroke is a serious public health prob-
lem and a leading cause of disability and mor-
tality [1]. Specifically, China has 2.5 million
new stroke cases each year and currently has 7.5
million stroke survivors [2]; approximately two-
thirds of all stroke cases are ischemic stroke (IS)
[3]. Early evaluation of the etiology, severity,
and prognosis of IS is crucial for the immediate
application of appropriate therapy to patients
[2]. Although the development of medical
imaging has facilitated the early diagnosis of
stroke, it is not widely used in the vast,
underdeveloped areas in China and is not an
option for patients with certain psychiatric
conditions such as claustrophobia. Further,
stroke is divided into different etiologies for
which treatment is not the same. The appro-
priate treatment plan determines the prognosis
of patients, so distinguishing stroke etiology as
early as possible is key. Finally, early prediction
of prognosis also plays a very important role in
the rational arrangement of follow-up treat-
ment. Therefore, the development of a fast and
accurate evaluative and prognostic indicator of
IS is crucial.

Identifying blood-derived biomarkers of
stroke is an active field of research, since their
potential use is not limited to diagnosis and
differentiation, but can be applied to prognosis
and patient monitoring, monitoring the effec-
tiveness of applied therapy, and/or diagnosing
possible complications. According to our previ-
ous review, C1q tumor necrosis factor (TNF)-
related protein 9 (CTRP9) plays a vital role in
the cardiovascular disease process, including
regulating energy metabolism, modulating
vasomotion, protecting endothelial cells,
inhibiting platelet activation, inhibiting
pathological vascular remodeling, stabilizing
atherosclerotic plaques, and protecting the
heart [4]. Hence, we proposed that CTRP9 could
play multiple positive and beneficial roles in IS.

In addition, in clinical practice, there are
obvious individual differences in the absolute
values of some blood-derived biomarkers,
which limits their understanding and
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application by researchers and clinicians.
Therefore, ratios or other calculations that use
standard or other related clinical indicators to
obtain a new indicator, such as prothrombin
time (PT) and international normalized ratio
(INR), could lead to better stability and com-
parability, which is convenient for research and
clinical use [5]. The low-density lipoprotein
cholesterol (LDL-C)/high-density lipoprotein
cholesterol (HDL-C) ratio has also emerged as
the best single lipid predictor of coronary artery
disease (CAD) risk [6]. Therefore, the ratio of the
level of CTRP9, as an adipocytokine, to blood
lipid levels (such as CTRP9/total cholesterol
[TC], CTRP9/triglyceride [TG], CTRP9/LDL-C,
CTRP9/HDL-C) may be another stable evalua-
tive and prognostic indicator of IS.

The association between CTRP9 and IS has
not been elucidated thus far. Herein, in this
study, we compared the serum CTRP9 concen-
trations between patients with IS and non-
stroke controls, explored the association
between serum CTRP9 levels and the presence
of IS, and investigated the associations between
CTRP9 concentrations and the etiology and
severity of IS. To better understand and further
extend knowledge on the predictive role of
serum CTRP9 levels after IS, we prospectively
investigated the relationship between serum
CTRP9 levels and functional outcome in
patients with IS.

METHODS

Compliance with Ethics Guidelines

This study was approved by the Ethical Review
Board of the General Hospital of Western
Theater Command (No.2018ky06). This study
was conducted in compliance with the ethical
standards of the responsible institution on
human subjects and with the Helsinki Declara-
tion. Participants included in the registry were
asked to provide written informed consent for
study participation.

Study Design and Participant Selection

Patients with IS were recruited from the
Department of Neurology in this hospital
between January 2018 and January 2020. The
inclusion criteria were as follows [7]: (1)
age C 22 years; (2) a diagnosis of IS as detected
by magnetic resonance imaging (MRI) per-
formed within 48 h of symptom onset; (3)
ability and willingness of the patients or their
direct family members to sign the informed
consent form; and (4) admission time[6 h
from stroke onset. Participants were excluded if
there was evidence of [8]: (1) recurrent stroke;
(2) current pregnancy (for women); or (3) an
inability to participate in the follow-up exami-
nations. At admission, all patients underwent
brain computed tomography (CT) scanning to
rule out cerebral hemorrhage. None of the
patients received thrombolysis, because they
were admitted later than 6 h from symptom
onset. Stroke etiology was classified according
to the Trial of ORG 10172 in Acute Stroke
Treatment (TOAST) classification [9].

Non-stroke controls without a history of
cerebrovascular disease were selected during the
same time period. The non-stroke participants
were enrolled from the Health Physical Exami-
nation Center of the same hospital where they
visited for annual health check-ups.

Biochemical and Molecular Investigations

Following a previously published protocol [10],
fasting blood samples were collected between
06:00 a.m. and 07:00 a.m. within 24 h of
admission to avoid variations related to possible
circadian rhythm effects, and aliquots were
made for routine blood tests, including white
blood cell (WBC) count, C-reactive protein
(CRP), fasting glucose, hemoglobin A1C
(HbA1C), TC, TG, HDL-C, and LDL-C, in the
Department of Clinical Laboratory. The serum
was separated and frozen at -80 �C until CTRP9
measurement.

In accordance with previous studies [11, 12],
we employed a commercial enzyme-linked
immunosorbent assay (ELISA) kit (SER877Hu,
USCN Life Science, China) to measure the
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serum CTRP9 concentration in all participants
according to the manufacturer’s instructions.
Samples and standards were measured in
duplicate, and the means of the duplicates were
used for statistical analysis.

The minimum detectable dose of human
CTRP9 was typically less than 6.32 pg/mL. The
intra- and inter-assay coefficients of variation
were\10% and\12%, respectively. The linear
range of the assay was 15.6–1000 pg/mL. The
assay had high sensitivity and specificity for the
detection of human CTRP9, and it was observed
that there was no significant cross-reactivity or
interference between human CTRP9 and other
CTRPs or other analogs in human blood. Sam-
ples and standards were measured in duplicate,
and the means of the duplicates were used for
statistical analysis.

Assessment of Stroke Symptomatic
Severity

All the patients were assessed by two well-
trained neurologists, and the stroke symp-
tomatic severity was recorded according to the
National Institutes of Health Stroke Scale
(NIHSS) [13], which rates stroke symptomatic
severity on a scale of 0–42, with a higher score
indicating more severe impairment of the brain.

Assessment of Acute Cerebral Ischemia

All the patients with IS underwent brain MRI
scanning (Achieva 3.0T, Philips, Netherlands) to
determine the location and extent of the acute
cerebral ischemia (ACI). The assessment of ACI
was performed following a previous protocol
[14]. To quantify the lesion extent, we measured
the maximal transverse diameter of the lesion
and a second diameter perpendicular to the first
one on the same slice on diffusion-weighted
imaging (DWI) of MRI. The craniocaudal extent
was measured by multiplying the number of
consecutive slices in which the lesion was pre-
sent by the sum of the slice thickness (6 mm)
and the intersection gap (0.6 mm). The lesion
volume of ACI was then calculated by the
ellipsoid formula:

Lesion volume ¼ 4=3 � p � r1 � r2 � r3;

where r1 and r2 correspond to half of the two
transverse diameters, and r3 corresponds to half
of the craniocaudal extent. A blinded, second
reading of the DW images was performed by
two other experienced neuroradiologists to
assess the validity of the measurements.

Assessment of Other Clinical Variables

Baseline data on demographic characteristics
(age and sex), anthropometric measurements
(systolic blood pressure [SBP], diastolic blood
pressure [DBP], and body mass index [BMI]),
lifestyle risk factors (cigarette smoking and
alcohol consumption), and medical history
(hypertension, atrial fibrillation [AF], diabetes
mellitus, and other kinds of vascular diseases)
were collected within 24 h of hospital
admission.

End Points and Follow-Up

We followed the patients for a median of
12 months using a standard questionnaire, and
telephone or household contact by physician
investigators. An unfavorable functional out-
come was defined as a combination of death
and major disability (modified Rankin Scale
score [mRS] C 3) [15].

Statistical Analysis

The differences in baseline characteristics
between the two groups were examined using
the independent t-test, Mann–Whitney U test,
or chi-squared test as appropriate. The influence
of serum CTRP9 levels on the presence and
subtype of IS was determined by multivariate
logistic regression analysis, which allowed
adjustment for confounding factors. Cox pro-
portional hazards regression models were also
used to estimate the risk of functional outcomes
when appropriate. Clinical variables with
P\ 0.05 on univariate analysis, in addition to
sex and age, were incorporated into multivari-
ate logistic regression analyses and Cox pro-
portional hazards regression models. The results
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were expressed as adjusted odds ratios (ORs) or
hazard ratios (HRs) with the corresponding 95%
confidence intervals (CIs). The clinical value of
adding CTRP9 to the existing risk factors for
identifying or predicting the presence, subtype,
and outcome of IS was calculated with receiver
operating characteristic (ROC) curves, the inte-
grated discrimination improvement (IDI) index,
and the net reclassification improvement (NRI)
index. Spearman correlation analysis was used
to analyze the bivariate correlations between
the serum CTRP9 concentration and volume
and NIHSS scores. The statistical analysis was
performed using IBM SPSS Statistics for Win-
dows, version 16.0 (IBM Corp., Armonk, NY,
USA), R programming language (version
2.15.1), and GraphPad Prism 5.0 software
(GraphPad Software, La Jolla, CA, USA). A
P value\ 0.05 indicated significance.

RESULTS

CTRP9 and IS

A total of 351 patients with IS were screened,
and 302 patients met the inclusion criteria and
finished 12 months of follow-up. The baseline
characteristics of all participants are shown in
Table 1. The effects of serum CTRP9 concen-
tration and the ratios of CTRP9/TC, CTRP9/TG,
CTRP9/LDL-C, and CTRP9/HDL-C on the pres-
ence of IS were examined using multivariate
logistic regression analysis. When sex, age, BMI,
hypertension, diabetes mellitus, WBC, and CRP
were adjusted, the serum CTRP9 concentration
and the ratios of CTRP9/TC, CTRP9/TG, CTRP9/
LDL-C, and CTRP9/HDL-C were associated with
the presence of IS (Table 2). Further, the addi-
tion of CTRP9 or ratios of CTRP9/TC, CTRP9/
TG, CTRP9/LDL-C, and CTRP9/HDL-C to a
model adjusted for sex, age, BMI, hypertension,
diabetes mellitus, and WBC led to a further
improvement in model performance (Table 3).
Spearman correlation analysis showed that the
serum CTRP9 concentration was positively
associated with the NIHSS score (r = 0.267,
P\ 0.001) and lesion volume (r = 0.282,
P\ 0.001) in patients with IS.

CTRP9 and Cardioembolic (CE) IS

We studied 64 patients with IS-CE and 238
patients with IS-non-CE. The baseline charac-
teristics of the two groups are shown in Sup-
plementary Table 1. The independent effect of
serum CTRP9 concentration on IS-CE was
examined using binary logistic regression anal-
ysis. When sex, age, AF, hypertension, hyper-
lipidemia, volume, CRP, and NIHSS score were
adjusted, the serum CTRP9 concentration and
the ratios of CTRP9/TC, CTRP9/TG, CTRP9/
LDL-C, and CTRP9/HDL-C were associated with
IS-CE (Table 4). Meanwhile, when sex, age,
hypertension, hyperlipidemia, volume, CRP,
and NIHSS score were adjusted, the serum
CTRP9 concentration and the ratios of CTRP9/
TC, CTRP9/TG, CTRP9/LDL-C, and CTRP9/
HDL-C were associated with IS-CE (Table 4).
Further, only the addition of CTRP9/LDL-C to a
model adjusted for sex, age, AF, and hyperten-
sion led to a further improvement in model
performance [increase in AUC from 0.883 for
sex, age, AF, hypertension to 0.908 for sex, age,
AF, hypertension plus CTRP9/LDL-C, P = 0.046;
IDI = 0.069, P\ 0.001; NRI = 0.466, P\0.001]
(Table 5).

Association Between Serum CTRP9 Level
and the Unfavorable Functional Outcome
of IS

Referring to other research [16], we divided
these patients into tertiles according to CTRP9
level: patients with CTRP9 in the lowest tertile
(1st tertile, CTRP9 B 71 ng/mL, n = 100); those
with CTRP9 in the middle tertile (2nd tertile,
CTRP9 71–104 ng/mL, n = 102); and those with
CTRP9 in the highest tertile (3rd tertile,
CTRP9[ 104 ng/mL, n = 100). The baseline
characteristics of the three groups are shown in
Supplementary Table 2. A total of 67 partici-
pants (22.19%) experienced unfavorable func-
tional outcomes. After adjustment for sex, age,
atrial fibrillation, volume, WBC, fasting glucose,
and NIHSS score, the HR for CTRP9[104 ng/
mL was 3.707 for unfavorable functional out-
come (Table 6). In addition, only the addition
of CTRP9 to a model adjusting for sex, age, and
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Table 1 Demographics and clinical characteristics of all participants

Variable IS (n = 302) Control (n = 173) P value

Age, years 65 (54–73) 63 (51–71) 0.064

Male 191 (63.25) 103 (59.54) 0.423

BMI, kg/m2 24.43 (22.60–26.16) 22.67 (20.92–24.92) \ 0.001

Cigarette smoking 144 (47.68) 78 (45.09) 0.585

Alcohol consumption 120 (39.74) 56 (32.37) 0.110

Hypertension 199 (65.89) 70 (40.46) \ 0.001

Diabetes mellitus 100 (33.11) 24 (13.87) \ 0.001

Hyperlipidemia 66 (21.85) 39 (22.54) 0.862

SBP (mmHg) 145 (132–159.25) 130 (119.5–145) \ 0.001

DBP (mmHg) 88 (78–96) 80 (70–86) \ 0.001

WBC (9 109/L) 7.05 (5.69–9.18) 5.70 (4.72–6.87) \ 0.001

CRP (mg/L) 2.64 (1.09–8.63) 1.01 (0.54–2.40) \ 0.001

Fasting glucose (mmol/L) 5.66 (4.98–7.49) 5.08 (4.64–5.81) \ 0.001

HbA1c (%) 6.00 (5.50–6.82) 5.4 (4.9–5.9) \ 0.001

TC (mmol/L) 4.71 (3.85–5.63) 4.72 (4.04–5.59) 0.876

TG (mmol/L) 1.28 (0.95–1.84) 1.36 (0.94–1.84) 0.698

HDL-C (mmol/L) 1.29 (1.11–1.61) 1.35 (1.13–1.63) 0.490

LDL-C (mmol/L) 2.75 (2.15–3.56) 2.81 (2.40–3.38) 0.677

CTRP9 (ng/mL) 86.92 (62.14–117.96) 60.17 (49.33–75.06) \ 0.001

CTRP9/TC 16.94 (12.88–24.31) 12.57 (10.44–15.38) \ 0.001

CTRP9/TG 63.58 (40.19–106.01) 43.53 (32.58–67.03) \ 0.001

CTRP9/LDL-C 28.12 (21.49–44.68) 20.95 (17.06–26.77) \ 0.001

CTRP9/HDL-C 64.62 (45.13–94.29) 46.37 (35.74–54.12) \ 0.001

TOAST

LAA 174 (57.62)

CE 64 (21.20)

SVD 54 (17.88)

SOE 3 (0.10)

SUE 7 (2.32)

NIHSS 6.5 (4,10)

mRS 1 (0, 2)
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NIHSS score led to a further improvement in
model performance [increase in AUC from
0.811 for sex, age, and NIHSS score to 0.846 for
sex, age, NIHSS score plus CTRP9, P = 0.045;
IDI = 0.081, P\ 0.001; NRI = 0.617, P\0.001]
(Table 7).

DISCUSSION

CTRP9, a novel member of the C1q/TNF super-
family, was identified in 2009 [17, 18]. IS and
CAD share considerable pathogenesis, from risk
factors to vascular lesions followed by different
target organ damage [19–21]. According to our
previous review, CTRP9 could play multiple
positive roles in vascular lesions in IS [4]. In
addition, the ratios of blood lipid indicators to
each other may likely affect the progression of
atherosclerosis [22], and the LDL-C/HDL-C ratio
has already been found to be superior to single
lipid predictors of cardiovascular disease risk
[22]. The ratios of CTRP9 to lipids (ratios of
CTRP9/TC, CTRP9/TG, CTRP9/LDL-C, CTRP9/
HDL-C) may be a better evaluative and prog-
nostic indicator of IS.

In this study, we found that the serum
CTRP9 concentration and ratios of CTRP9/TC,
CTRP9/TG, CTRP9/LDL-C, and CTRP9/HDL-C
were different between stroke patients and non-
stroke controls, and the serum CTRP9 concen-
tration and the ratios of CTRP9/TC, CTRP9/TG,
CTRP9/LDL-C, and CTRP9/HDL-C in IS were
significantly higher in stroke patients than in
non-stroke controls. CTRP9 and the ratios of

CTRP9/TC, CTRP9/TG, CTRP9/LDL-C, and
CTRP9/HDL-C could play negative roles in
patients with IS.

However, these findings were inconsistent
with our previous proposal [4]. Two possible
explanations are as follows. First, CTRP9 is
generated in the process of atherosclerosis.
Conflicting results regarding the correlation
between CTRP9 and metabolic factors
[11, 23, 24] and atherosclerotic lesions [25–27]
have been reported, indicating that CTRP9
might be more than just a purely protective
factor. Second, the CTRP9 concentration might
change dynamically. In the early stage of dis-
ease development, CTRP9 may show protective
effects: when the disease occurs in the acute
stage, the level of CTRP9 may be increased to
enhance its anti-inflammatory and other pro-
tective effects. In the later stage of the disease,
the level of CTRP9 may decrease gradually with
the improvement of the disease. These may
indicate that CTRP9 is a better predictor of dis-
ease progression.

In the study, the time point we detected did
not reflect the CTRP9 level at the ultra-early
stage of IS (\ 6 h from stroke onset). The rea-
sons are as follows. According to the existing
guidelines for the diagnosis and treatment of
acute stroke, the hyperacute stage is within 6 h
after the onset of stroke, during which patients
may receive intravenous thrombolysis or (and)
intra-arterial thrombolysis according to their
actual situation. We did not include these
specific treatments in this study, considering

Table 1 continued

Variable IS (n = 302) Control (n = 173) P value

mRS C 3 64 (21.19)

Values are given as the median (IQR) or as a number (n) with the percentage in parentheses
IS ischemic stroke, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, WBC white blood cell,
CRP C-reactive protein, HbA1c hemoglobin A1c, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein
cholesterol, LDL-C low-density lipoprotein cholesterol, CTRP9 C1q TNF-related protein 9, TOAST Trial of ORG 10172
in Acute Stroke Treatment, LAA large artery atherosclerosis, CE cardioembolic, SVD small vessel disease, SOE other
determined etiology, SUE undetermined etiology
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their impact on disease characteristics and
prognosis.

It may also be that the increase in CTRP9
levels induced by vascular lesions reflects the
severity of the lesions in the body. In this
research, we found that the serum CTRP9 con-
centration was positively associated with the
symptomatic severity of IS, reflected by the
NIHSS score, and the degree of ACI, reflected by
the lesion volume measured by MRI-DWI. MRI-

DWI is particularly useful for ACI evaluation
during the first 6 h from IS onset [28]. In this
study, we ensured that the lesion volume data
reflected the degree of ACI for all the patients
undergoing brain MRI-DWI 48 h after stroke
onset. In addition, we found that the serum
CTRP9 concentration and ratios of CTRP9/TC,
CTRP9/TG, CTRP9/LDL-C, and CTRP9/HDL-C
significantly improved the AUC. The serum
CTRP9 concentration and ratios of CTRP9/TC,

Table 2 Independent factors associated with IS in binary logistic regression models

Variable OR (95% CI) P value

Model 1 Hypertension 2.682 (1.652–4.355) \ 0.001

WBC 1.343 (1.184–1.523) \ 0.001

CTRP9 1.031 (1.022–1.041) \ 0.001

Model 2 BMI 1.127 (1.039–1.223) 0.004

Hypertension 2.376 (1.486–3.801) \ 0.001

WBC 1.313 (1.163–1.481) \ 0.001

CTRP9/TC 1.120 (1.078–1.162) \ 0.001

Model 3 BMI 1.151 (1.063–1.247) 0.001

Hypertension 2.449 (1.544–3.886) \ 0.001

Diabetes mellitus 2.138 (1.204–3.798) 0.101

CTRP9/TG 1.017 (1.011–1.024) \ 0.001

Model 4 BMI 1.150 (1.058–1.250) 0.001

Hypertension 2.359 (1.476–3.771) \ 0.001

Diabetes mellitus 1.900 (1.066–3.385) 0.030

CTRP9/LDL-C 1.063 (1.041–1.084) \ 0.001

Model 5 BMI 1.111 (1.024–1.204) 0.011

Hypertension 2.345 (1.473–3.735) \ 0.001

WBC 1.316 (1.167–1.484) \ 0.001

CTRP9/HDL-C 1.026 (1.017–1.036) \ 0.001

Model 1: sex, age, BMI, hypertension, diabetes mellitus, WBC, CRP, CTRP9. Model 2: sex, age, BMI, hypertension,
diabetes mellitus, WBC, CRP, CTRP9/TC. Model 3: sex, age, BMI, hypertension, diabetes mellitus, WBC, CRP, CTRP9/
TG. Model 4: sex, age, BMI, hypertension, diabetes mellitus, WBC, CRP, CTRP9/LDL-C. Model 5: sex, age, BMI,
hypertension, diabetes mellitus, WBC, CRP, CTRP9/HDL-C
BMI body mass index, WBC white blood cell, CRP C-reactive protein, TC total cholesterol, TG triglyceride, HDL-C high-
density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, CTRP9 C1q/TNF-related protein 9, OR odds
ratio, CI confidence interval
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CTRP9/TG, CTRP9/LDL-C, and CTRP9/HDL-C
significantly improved diagnostic efficacy over
the clinical models alone as measured by the
NRI and IDI. All the findings indicated that the
serum CTRP9 concentration and ratios of
CTRP9/TC, CTRP9/TG, CTRP9/LDL-C, and
CTRP9/HDL-C could be promising blood-
derived biomarkers for the early evaluation of
IS, especially CTRP9/TC.

There are many etiologies of IS, and treat-
ments differ for different subtypes. The TOAST
criteria for the subtypes of IS include CE stroke,
large artery atherosclerosis (LAA), small vessel
disease (SVD), other determined etiology (SOE),
and undetermined etiology (SUE). CE events are
the most common cause of IS [29, 30]. Due to
the similarities in the clinical presentation [31]
and the lack of biomarkers, it may be difficult to
distinguish between etiologies, leading to
delayed diagnosis and inappropriate treatment
[32]. Biomarkers could serve as objective mea-
surements that are indicators of normal bio-
logical or pathogenic processes. The use of
blood biomarkers has been suggested as a
promising tool to improve stroke etiology clas-
sification [33]. For example, some promising
candidates, such as natriuretic peptides, have
been associated with IS-CE etiology [34], while

others, such as lipoprotein-associated phos-
pholipase A2, have been related to IS-LAA eti-
ology [35]. Several studies have also pointed out
the usefulness of assessing gene expression in
blood to discriminate between IS etiologies [36];
however, no biomarker has yet been approved
for use in clinical practice.

Given that the most common etiologies of
cardioembolic stroke are atrial fibrillation,
valvular heart disease, or dilated cardiomyopa-
thy, which is different from IS-non-CE [37, 38],
it is possible that the serum CTRP9 concentra-
tion differentiates CE from IS-non-CE. In this
study, we first found that the serum CTRP9
concentration and the ratios of CTRP9/TC,
CTRP9/TG, CTRP9/LDL-C, and CTRP9/HDL-C
were significantly different between IS-CE and
IS-non-CE patients. Remarkably, the serum
CTRP9 concentration and the ratios of CTRP9/
TC, CTRP9/TG, CTRP9/LDL-C, and CTRP9/
HDL-C were significantly increased in patients
with IS-CE compared to patients with IS-non-
CE. Two possible explanations are as follows.
First, IS-CE usually leads to acute injury of large
vessels or multiple vessels, and since CTRP9
may play an important role in vascular injury,
the body may increase the serum CTRP9 con-
centration in reactive acute tissue injury.

Table 3 Reclassification and discrimination statistics for the presence of IS by CTRP9 and the ratios of CTRP9/TC,
CTRP9/TG, CTRP9/LDL-C, and CTRP9/HDL-C

ROC NRI (continuous) IDI

AUC (95% CI) P value Value (95% CI) P value Value (95% CI) P value

Model 1 0.771 (0.730–0.808) – 1.0 [Ref] – 1.0 [Ref] –

Model 2 0.836 (0.799–0.868) \ 0.001 0.826 (0.661–0.990) \ 0.001 0.120 (0.094–0.147) \ 0.001

Model 3 0.823 (0.786–0.857) \ 0.001 0.630 (0.462–0.799) \ 0.001 0.096 (0.071–0.200) \ 0.001

Model 4 0.811 (0.773–0.845) 0.001 0.437 (0.260–0.613) \ 0.001 0.073 (0.050–0.096) \ 0.001

Model 5 0.825 (0.788–0.858) \ 0.001 0.604 (0.435–0.773) \ 0.001 0.097 (0.073–0.122) \ 0.001

Model 6 0.817 (0.780–0.851) \ 0.001 0.749 (0.585–0.914) \ 0.001 0.08 (0.057–0.103) \ 0.001

Model 1: sex, age, BMI, hypertension, diabetes mellitus, WBC. Model 2: Model 1 ? CTRP9. Model 3: Model
1 ? CTRP9/TC. Model 4: Model 1 ? CTRP9/TG. Model 5: Model 1 ? CTRP9/LDL-C. Model 6: Model
1 ? CTRP9/HDL-C
BMI body mass index, WBC white blood cell, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein
cholesterol, LDL-C low-density lipoprotein cholesterol, CTRP9 C1q/TNF-related protein 9, AUC area under the curve,
NRI net reclassification improvement, IDI integrated discrimination improvement
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Second, CTRP9 can be detected in heart tissue,
and previous studies have also shown a poten-
tial role of CTRP9 in heart damage. Therefore,
changes in the heart, including abnormal heart
rhythms or structural changes, may cause rapid
changes in serum CTRP9 levels. In addition, the
addition of CTRP9/LDL-C significantly
improved the resolution ability from IS-non-CE
to IS-CE, as evidenced by the AUC, NRI, and IDI.
It is reasonable to assume that the CTRP9/LDL-
C ratio may be an indicator that differentiates
between IS-CE and IS-non-CE.

Predicting the functional prognosis among
patients with IS during the acute phase may be
useful in helping to select therapeutic strategies.

Biomarkers show potential predictive value, and
several biomarkers have been studied as diag-
nostic, risk stratification, and prognostic tools,
namely, S100 calcium binding protein B, C-re-
active protein, matrix metalloproteinases, and
cerebral natriuretic peptide. However, due to
the low specificity of the related indicators and
the inconsistency of baseline values obtained by
various laboratories, they have not been widely
used. Additional studies are necessary to iden-
tify reliable predictive markers for functional
prognosis after IS [39]. Notably, most studies
looked only at prognosis three months after
stroke, with little attention given to longer-term
outcomes.

Table 4 Independent factors associated with IS-CE in binary logistic regression models

Variable Model with AF Model without AF

OR (95% CI) P value OR (95%CI) P value

Model 1 AF 36.713 (16.221–83.095) \ 0.001 – –

Hypertension 0.328 (0.149–0.726) 0.006 0.279 (0.145–0.538) \ 0.001

CTRP9 1.014 (1.006–1.022) 0.001 1.013 (1.006–1.019) \ 0.001

Model 2 AF 34.264 (14.951–78.525) \ 0.001 – –

Hypertension 0.343 (0.153–0.771) 0.010 0.292 (0.149–0.571) \ 0.001

CTRP9/TC 1.070 (1.036–1.105) \ 0.001 1.070 (1.042–1.097) \ 0.001

Model 3 AF 31.333 (14.373–68.308) \ 0.001 – –

Hypertension 0.335 (0.153–0.732) 0.006 0.345 (0.185–0.641) 0.001

CTRP9/TG 1.006 (1.001–1.010) 0.013 1.007 (1.003–1.011) \ 0.001

Model 4 AF 32.209 (14.182–73.151) \ 0.001 – –

Hypertension 0.349 (0.155–0.786) 0.011 0.351 (0.185–0.666) 0.001

CTRP9/LDL-C 1.036 (1.019–1.054) \ 0.001 1.039 (1.024–1.053) \ 0.001

Model 5 AF 38.066 (16.710–86.716) \ 0.001 – –

Hypertension 0.303 (0.136–0.672) 0.003 0.268 (0.140–0.512) \ 0.001

CTRP9/HDL-C 1.015 (1.007–1.023) \ 0.001 1.014 (1.007–1.020) \ 0.001

Model 1: sex, age, AF, hypertension, hyperlipidemia, volume, CRP, NIHSS, CTRP9. Model 2: sex, age, AF, hypertension,
hyperlipidemia, volume, CRP, NIHSS, CTRP9/TC. Model 3: sex, age, AF, hypertension, hyperlipidemia, volume, CRP,
NIHSS, CTRP9/TG. Model 4: sex, age, AF, hypertension, hyperlipidemia, volume, CRP, NIHSS, CTRP9/LDL-C. Model
5: sex, age, AF, hypertension, hyperlipidemia, volume, CRP, NIHSS, CTRP9/HDL-C
CE cardioembolic, BMI body mass index, AF atrial fibrillation, CRP C-reactive protein, TC total cholesterol, TG
triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, CTRP9 C1q/TNF-
related protein 9, OR odds ratio, CI confidence interval
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Based on other studies and our study, we
found that serum CTRP9 controls atherosclero-
sis and is associated with symptomatic severity
and lesion volume in ischemic stroke, which are
in turn associated with the secondary

consequences of stroke. Therefore, in the
prospective study section, we documented that
the event rate of unfavorable functional out-
comes was higher among patients with high
serum CTRP9 concentrations than among those

Table 5 Reclassification and discrimination statistics for presence of IS-CE by CTRP9 and the ratios of CTRP9/TC,
CTRP9/TG, CTRP9/LDL-C, and CTRP9/HDL-C

ROC NRI (continuous) IDI

AUC (95%) P value Value (95%) P value Value (95%) P value

Model 1 0.883 (0.841–0.917) – 1.0 [Ref] – 1.0 [Ref] –

Model 2 0.899 (0.859–0.930) 0.213 0.449 (0.179–0.719) \ 0.001 0.0437 (0.012 to 0.076) 0.008

Model 3 0.905 (0.866–0.935) 0.103 0.594 (0.326–0.862) \ 0.001 0.070 (0.030 to 0.110) \ 0.001

Model 4 0.899 (0.859–0.931) 0.066 0.350 (0.082–0.617) 0.011 0.017 (-0.005 to 0.039) 0.124

Model 5 0.908 (0.869–0.938) 0.046 0.466 (0.196–0.736) \ 0.001 0.069 (0.030 to 0.109) \ 0.001

Model 6 0.897 (0.857–0.929) 0.253 0.596 (0.329–0.864) \ 0.001 0.049 (0.017 to 0.081) 0.003

Model 1: sex, age, AF, hypertension. Model 2: Model 1 ? CTRP9. Model 2: Model 1 ? CTRP9/TC. Model 4: Model
1 ? CTRP9/TG. Model 5: Model 1 ? CTRP9/LDL-C. Model 6: Model 1 ? CTRP9/HDL-C
AF atrial fibrillation, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density
lipoprotein cholesterol, CTRP9 C1q/TNF-related protein 9, AUC area under the curve, NRI net reclassification
improvement, IDI integrated discrimination improvement

Table 6 Independent factors associated with unfavorable outcome of IS in Cox regression models

Unadjusted Adjusteda

P value HR (95% CI) P value HR (95% CI)

Sex 0.548 0.861 (0.528–1.403) 0.245 1.373 (0.805–2.341)

Age 0.011 1.027 (1.006–1.047) 0.035 1.023 (1.002–1.045)

AF 0.008 1.958 (1.188–3.226) 0.964 0.986 (0.539–1.804)

Volume \ 0.01 1.007 (1.004–1.010) 0.504 1.001 (0.997–1.006)

WBC \ 0.01 1.135 (1.060–1.216) 0.200 1.057 (0.971–1.152)

Fasting glucose 0.006 1.095 (1.027–1.167) 0.111 1.063 (0.986–1.145)

NIHSS \ 0.01 1.112 (1.079–1.147) \ 0.01 1.103 (1.055–1.153)

CTRP9 tertiles \ 0.01 0.002

CTRP9 2nd tertile 0.052 2.179 (0.992–4.785) 0.051 2.254 (0.998–5.092)

CTRP9 3rd tertile \ 0.01 4.222 (2.042–8.832) 0.001 3.707 (1.746–7.869)

AF atrial fibrillation, WBC white blood cell, CTRP9 C1q TNF-related protein 9, HR hazard ratio, CI confidence interval,
CTRP9 2nd tertile CTRP9:71–104 ng/mL, CTRP9 3rd tertile CTRP9[ 104 ng/mL
aAdjusted for sex, age, AF, volume, WBC, fasting glucose, NIHSS, CTRP9 tertiles
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with low serum CTRP9 concentrations. Further,
high serum CTRP9 levels were associated with
an increased risk of major disability and death.
Inclusion of serum CTRP9 levels among the
validated prognostic factors, including age, sex,
and the NIHSS score, significantly improved the
reclassification of risk of adverse clinical out-
comes, as evidenced by the AUC, NRI, and IDI.
These findings indicated that serum CTRP9
levels could be a promising blood-derived bio-
marker for prognosis assessment of IS.

Several limitations of this study need to be
pointed out. First, as a pilot study, the sample
sizes were too small, and all participants were
from a single hospital, which might not repre-
sent the distribution of IS in the Chinese pop-
ulation. In particular, the sample size of the
non-stroke control group was smaller than that
of the IS group (not up to the usual 1:1 ratio),
which may to some extent affect our results as
well as the interpretation of the results. Second,
we did not dynamically monitor the changes in
CTRP9 levels.

CONCLUSIONS

Taken together, these findings indicated that
the serum CTRP9 concentration and ratios of

CTRP9 to lipids could be promising blood-
derived early evaluative biomarkers and a useful
tool to predict prognosis in patients with IS at
admission. Further studies are needed to deter-
mine the reliability and validity of CTRP9 in
clinical practice and reveal the roles of CTRP9 in
the pathogenesis of IS in cell or animal models.
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