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Abstract
Background and aims Angiopoietin-like protein 4 (ANGPTL-4) had been reported to be associated with the
risk of ischemic stroke, but its prognostic value remained unclear. The aim of this study was to investigate
the association between plasma ANGPTL-4 concentrations and prognosis of ischemic stroke. Methods
Baseline plasma ANGPTL-4 concentrations were measured in 3379 acute ischemic stroke patients. The
primary outcome was a combination of death or major disability (modi�ed Rankin Scale score, ≥3) at 3
months after ischemic stroke, and secondary outcomes included major disability, death, stroke recurrence
and vascular events. Results At 3 months after ischemic stroke, 850 (26.16%) participants experienced
major disability or died (750 major disabilities and 100 deaths). After adjusting for important covariates,
odds ratios for the highest tertile of plasma ANGPTL-4 concentrations were 1.59(1.22-2.06) for primary
outcome, 1.53(1.18-1.97) for major disability and 2.03(1.03-4.00) for death when compared to the lowest
tertile of plasma ANGPTL-4 concentrations. For 1-SD increase of log-ANGPTL-4 concentrations (0.44
ng/ml), the adjusted odds ratios were 1.24(1.11-1.38), 1.14(1.03-1.27) and 1.72(1.32-2.23), respectively.
Adding ANGPTL-4 to a model containing conventional risk factors improved risk prediction for composite
outcome of death and major disability (net reclassi�cation improvement index=11.36%, p =0.014; integrated
discrimination improvement=0.22%, p =0.033). There were no signi�cant associations between plasma
ANGPTL-4 concentrations and risks of stroke recurrence and vascular events. Conclusion Higher plasma
ANGPTL-4 concentration was associated with poor prognosis in acute ischemic stroke patients, suggesting
that ANGPTL-4 might be a prognostic marker for ischemic stroke.

1. Background
Stroke is one of the main causes of death and long-term disability for adult worldwide, accounting for
estimated 6.5 million deaths and 113 million disability-adjusted life-years in 2013(1). Several primary and
secondary prevention strategies had been implemented in past decades(2-4), but the global burden and
prevalence of stroke continued to increase (5). Thus, measurements of novel biomarkers may be an e�cient
tool for early risk strati�cation and improvement of therapeutic strategies.

Angiopoietin-like proteins-4(ANGPTL-4), a member of ANGPTL family, has been shown to regulate
angiogenesis and to be involved in lipid, glucose, and energy metabolisms(6, 7). Several studies reported
that increased ANGPTL-4 was associated with increased risk of hypertension(8), atherosclerosis(9),
coronary artery disease(10)and stroke(11). Moreover, circulating levels of ANGPTL-4 had a positive
correlation with severity of stroke and ischemic volume(12). Nevertheless, there is little about the knowledge
of prognostic value of ANGPTL-4 for clinical outcomes in ischemic stroke patients. Therefore, we
investigated the associations between plasma ANGPTL-4 concentrations and clinical outcomes after
ischemic stroke.

2. Study Participants And Methods
2.1 Study participants



Page 4/15

The present study was performed based on the data from the China Antihypertensive Trial in Acute Ischemic
Stroke (CATIS), a multicenter, single-blind, blinded end points, randomized clinical trial conducted in 26
hospitals across China to test whether moderate lowering of blood pressure (BP) within the �rst 48 hours
after acute ischemic stroke onset would reduce death and major disability at 14 days or hospital discharge.
Details about the CATIS design, methods and main results have been previously reported(13). Brie�y, a total
of 4071 ischemic stroke patients aged 22 years or older con�rmed by CT or MRI of the brain within 48 hours
of symptom onset with an elevated systolic BP between 140 mmHg and less than 220 mmHg were recruited
in this trial. Patients with a BP ≥220/120 mm Hg, severe heart failure, acute myocardial infarction or
unstable angina, atrial �brillation, aortic dissection, cerebrovascular stenosis, or resistant hypertension, in a
deep coma, or those treated with IV thrombolytic therapy were excluded from the CATIS trial. In the present
study, 692 participants were further excluded because they did not offer blood samples, or some collected
samples were hemolyzed in collections of blood samples, or we failed to determine plasma ANGPTL-4
concentrations.

2.2 Data collection

Baseline data including demographic characteristics, clinical characteristics, medical histories, and lifestyles
were collected at the time of enrollment using a standard questionnaire. Stroke severity was assessed using
the National Institutes of Health Stroke Scale (NIHSS) by trained neurologists at baseline(14). Three BP
measurements were obtained at baseline by trained nurses according to a common protocol adapted from
procedures recommended by the American Heart Association(15). BP was measured with the participant in
a supine position using a standard mercury sphygmomanometer based on arm circumference of
participant. The mean of three BP measurements was used in analyses. Fasting blood samples were
collected within 24 hours of hospital admission after at last 8 hour of fasting. Routine laboratory analyses
(fasting blood glucose, blood lipids, blood creatinine, etc.) were performed for all enrolled patients, in each
participating hospital at admission. All plasma and serum samples were frozen at -80°C in the Central
Laboratory of School of Public Health in Soochow University until laboratory testing.

2.3 ANGPTL-4 detection

Plasma ANGPTL-4 concentrations were measured centrally at Soochow University with a commercially
available DuoSet ELISA kit (R&D Systems, Minneapolis, MN). Intra-assay and interassay coe�cients of
variation were 3.3% and 3.9%, respectively. Laboratory technicians who performed these measurements
were blind to the clinical characteristics and outcomes of the study participants.

2.4 Study outcomes

Participants were followed up in person at 3 months after ischemic stroke by trained neurologists. The
primary outcome of present study was a combination of death and major disability (modi�ed Rankin Scale
[mRS] score ≥3). Secondary outcomes were separately those of death and major disability (modi�ed Rankin
scale score of 6 and 3–5, respectively), stroke recurrence and vascular disease events (i.e., recurrent
nonfatal stroke, nonfatal myocardial infarction, hospitalized and treated angina, hospitalized and treated
congestive heart failure, and hospitalized and treated peripheral arterial disease).
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2.5 Statistical analysis

All participants were divided into 3 groups according to tertiles of plasma ANGPTL-4 concentrations and
baseline characteristics were compared across 3 groups. The generalized linear regression analysis was
used to test for trend across the tertiles of ANGPTL-4 for continuous variables, and the Cochran-Armitage
trend χ2 test was used for categorical variables. Multivariate logistic regression models were used to
calculate odds ratios (ORs) and 95% con�dence intervals (95% CIs) of primary and second outcomes for the
highest tertile of ANGPTL-4 concentrations compared to the lowest tertile and for 1-SD increment of log-
transformed ANGPTL-4 concentrations (0.44 ng/ml). Important conventional covariates like age, sex,
antihypertensive treatment, time from onset to hospitalization, current smoking, current alcohol drinking,
body mass index, dyslipidemia, heart disease, high-density lipoprotein cholesterol, fasting plasma glucose,
history of hypertension, history of diabetes mellitus, family history of stroke, SBP at baseline, ischemic
stroke subtypes and baseline NIHSS score were included in the multivariable models. Restricted cubic
splines were performed to explore the shapes of the associations between plasma ANGPTL-4
concentrations and adverse clinical outcomes with 4 knots (at the 5th, 35th, 65th, and 95th percentiles).
Furthermore, C statistics, net reclassi�cation index (NRI), and integrated discrimination improvement (IDI)
were used to evaluate the incremental prognostic value of plasma ANGPTL-4 concentrations beyond
conventional risk factors (covariates in multivariable models)(16, 17).

Given that circulating ANGPTL-4 concentrations might be associated with stroke-related risk factors (i.e.,
obesity, metabolic syndrome, hypertension and diabetes mellitus). Thus, we performed subgroup analyses
to determine the potential effect modi�cation strati�ed by sex, age, baseline systolic BP, body mass index,
dyslipidemia, current smoking, alcohol consumption, fasting plasma glucose and receiving immediate BP
reduction in multivariate adjusted logistic regression models. Interactions between circulating ANGPTL-4
concentrations and covariates on primary outcome were tested by the likelihood ratio test of models with
interaction terms. Two-tailed p < 0.05 was considered to be statistically signi�cant. All statistical analyses
were conducted using SAS statistical software (version 9.4).

3. Results
3.1 Baseline characteristics

A total of 3379 participants were included in the present study and the baseline characteristics were well
balanced between enrolled and all participants in CATIS (Supplemental Table 1), indicating that those
enrolled basically represented the total participants of CATIS. Among 3379 patients, 2154 were male and the
average age was 62.3±10.9 years. The median plasma ANGPTL-4 levels were 95.3 ng/ml (interquartile
range 71.4–126.5 ng/mL). Compared to patients with low plasma ANGPTL-4 concentrations, patients with
higher ANGPTL-4 concentrations tended to be older, male, have higher admission NIHSS score, systolic BP,
fasting plasma glucose, total cholesterol, low density lipoprotein cholesterol and higher prevalence of
history of diabetes mellitus (Table 1).

3.2 Association between plasma ANGPTL-4 concentrations and clinical outcomes of ischemic stroke
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During 3 months’ follow-up, 850 (26.2%) participants experienced major disability or died (750 major
disabilities and 100 deaths). After adjusted for age, sex, admission NIHSS score and other covariates, the
ORs for the highest tertile of plasma ANGPTL-4 concentrations were 1.59(95% CI 1.22-2.06), 1.53(95% CI
1.18-1.97) and 2.03(95% CI 1.03-4.00) for the primary outcome, major disability and death, respectively,
compared with the lowest tertile. Each increased 1-SD of log-ANGPTL-4 concentration was associated with
24% (OR 1.24, 95% CI 1.11–1.38), 14% (OR 1.14, 95% CI 1.03–1.27) and 72% (OR 1.72, 95% CI 1.32–2.23)
increased risk of primary outcome, major disability and death, respectively (Table 2). Multivariable-adjusted
spline regression models showed a linear association between plasma ANGPTL-4 concentrations and the
primary outcome (P for linearity= 0.001) and death (P for linearity= 0.001) (Figure 1). Furthermore,
Multivariable ordinal logistic regression analyses showed a signi�cant shift in mRS distributions with
plasma ANGPTL-4 concentrations at 3 months after ischemic stroke (P value for trend<0.001; Figure.2;
Supplemental Table 2). However, we did not �nd any signi�cant association between plasma ANGPTL-4
concentration and risk of stroke recurrence and vascular events.

We further examined whether adding plasma ANGPTL-4 to a model with conventional risk factors might
improve the risk prediction of poor clinical outcomes after ischemic stroke. As seen in the table 4, adding
ANGPTL-4 to the conventional risk factors improved continuous net reclassi�cation index of 11.36% (95%CI
2.31-20.41%; p=0.014) and integrated discrimination improvement of 0.23% (95%CI 0.11-0.44%; p=0.033)
for the composite outcome of death or major disability (Table 3).

In subgroup analyses, the signi�cant associations of ANGPTL-4 concentrations with risk of primary
outcome were observed in almost all subgroups except for the subgroup≥24 and subgroup without
receiving immediate BP reduction, while no signi�cant interactions between plasma ANGPTL-4 and any of
these interested variables on primary outcome was observed (Table 4).

4. Discussion
Up to now, the reports on the effect of circulating ANGPTL-4 concentrations on prognosis after ischemic
stroke were rarely seen, although there had been some studies suggesting that increased ANGPTL-4
concentration increase risks of hypertension10, atherosclerosis11, coronary artery disease(10),
cardiovascular events(10) and stroke(11) in general population. In a case-control study, ANGPTL-4
concentrations were signi�cantly correlated to increased NIHSS scores (r = 0.172, P = 0.003) and large
volumes of brain lesion (r = 0.124, P = 0.031) among the cases with ischemic stroke(18), indicating that
ANGPTL-4 concentrations may be associated with prognosis of ischemic stroke. We investigated the
associations between plasma ANGPTL-4 concentrations and clinical outcomes after ischemic stroke in the
patients from the CATIS trial with large sample size and strict data collection. In the analysis, we adjusted
for almost all important established risk factors including lifestyle risk factors, medical history, clinical
characteristics and admission NIHSS score. Our �ndings showed positive associations of increased plasma
ANGPTL-4 concentrations with composite outcome of death and major disability, major disability and death
at 3 months after ischemic stroke. Furthermore, subgroup analyses also showed signi�cant associations in
almost all subgroups. In addition, adding plasma ANGPTL-4 to conventional risk factors signi�cantly
improved risk-predictive ability for composite outcome of death and major disability. Our study suggested

http://www.baidu.com/link?url=V15RWc3Fa2STJXn7vPEgCIlsUGHBf09hVzd8Gy5z2KMZZjvR73fFbA55WXaBEuBYmwfADyHrwc5c0PMf2ZbMKtnFpNjXWcKYtLaxN_YZdqL5Q2gRoHunrqnB2cv2FtXa
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that increased plasma ANGPTL-4 concentrations may be an independent risk factor for poor prognosis of
ischemic stroke and could improve risk prediction ability for the combined outcome of death and major
disability.

Some studies had found that ANGPTL-4 loss-of-function mutations were substantially associated with
lower triglyceride levels, and a lower risk of coronary artery disease and ischemic stroke(19-21). ANGPTL-4
might be involved in lipid metabolisms(6, 7). Accumulating evidences suggested that ANGPTL-4 regulated
triglyceride in circulation by inhibiting lipoprotein lipase and modulate the uptake of free fatty acids(22, 23).
Muendlein et al. reported that plasma ANGPTL-4 concentrations signi�cantly predicted future
cardiovascular events in patients with coronary artery disease(10). Furthermore, a case-control study found
that serum ANGPTL-4 levels were signi�cantly higher in patients with large artery atherosclerotic stroke than
in healthy controls, and ANGPTL-4 concentrations were signi�cantly correlated to increased NIHSS scores (r
= 0.172, P = 0.003) and large volumes of brain lesion (r = 0.124, P = 0.031)(18).

Previous observational studies and randomized controlled trials had demonstrated that circulating
triglycerides was one of the most important modi�able and causal risk factors for cardiovascular disease
and ischemic stroke(24-26). Lipoprotein lipase is the main enzyme that hydrolyzes lipoprotein triglycerides
and releases free fatty acids for tissue utilization and clearance(27). Increasing lipoprotein lipase activity
could decrease serum triglyceride concentrations, whereas decreased activity of lipoprotein lipase has been
shown to increase serum triglyceride concentrations and risk of cardiovascular disease(28, 29). Our �ndings
had some clinical implications. It is of clinical interest to evaluate whether inhibition of ANGPTL-4 had
therapeutic value in ischemic stroke patients. In fact, there had been evidence that supported ANGPTL-4 as
a therapeutic target for reducing the risk of cardiovascular disease in humans(30). The mechanisms that
association of increased ANGPTL-4 level with increased risk of poor prognosis after stroke are not clear.
Several potential pathophysiological mechanisms might explain the association, for example, ANGPTL-4
might highly expressed under the pressure of stimuli hypoxia in endothelial cells, cardiomyocytes and
ischemic brain injury(31, 32), and increased ANGPTL-4 level might play role in endothelial dysfunction(33),
atherosclerosis(34), vascular permeability(35) and angiogenesis(34).

Our study had some limitations. First, the preset study was a post hoc analysis of CATIS and some serious
patients (BP≥ 220/120 mm Hg) or those treated with intravenous thrombolytic therapy at admission were
excluded. Therefore, a selection bias may unavoidably be present. However, baseline characteristics of the
participants were similar to those from the China National Stroke Registry(36), indicating that the selection
bias may be minimal. Second, plasma ANGPTL-4 concentrations were tested only once for each patient at
baseline, and changes over time were not considered. Third, the present study was limited to Chinese
individuals, thus, the results may not be extrapolated to other race/ethnic groups. More evidences are
needed to determine the validity of present �ndings through independent replications in more race/ethnic
populations.

5. Conclusion
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In conclusion, the present study indicated that increased plasma ANGPTL-4 concentrations at admission
was associated with poor prognosis in ischemic stroke patients and adding plasma ANGPTL-4 to
conventional risk factors signi�cantly improved predictive ability for risk for composite outcome of death
and major disability, indicating that ANGPTL-4 may be a potential prognostic biomarker for ischemic stroke.
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ANGPTL-4 Angiopoietin-like protein 4; BP: blood pressure; NIHSS: National Institutes of Health Stroke Scale;
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Tables
Table 1.  Baseline characteristics of the study participants according to plasma ANGPTL-4

levels
Characteristics  

Total
ANGPTL-4, ng/ml  

P value<78.7 78.7-112.9  >112.9
No. of subjects 3379 1073 1159 1147  
Demographics          
  Age, years 62.3(10.9 59.6±9.7 61.8±10.7 65.39±11.2 <0.001
  Male 2154(63.8 639(59.6) 725(62.6) 790(68.9)   <0.001 
   Current cigarette
smoking 

1237(36.6) 396(36.9) 437(37.7) 404(35.2) 0.400

  Current alcohol drinking 1063(31.5) 346(32.3) 367(31.7) 350(30.5) 0.378
Medical history          
  History of hypertension  2657(78.6) 826(77.0) 917(79.1) 914(79.7) 0.123
   History of
hyperlipidemia 

243(7.2)  73(6.8) 87(7.5)  83(7.2)  0.701  

   History of diabetes
mellitus

599(17.7) 150(14.0) 215(18.6) 234(20.4)  <0.001 

  Family history of stroke 637(18.9) 199(18.6) 237(20.5) 201(17.5) 0.517
Clinical features          
  NIHSS score 4(2-8) 4(2-6) 4(2-7) 6(3-10) <0.001
  SBP, mmHg 166(17) 164 (16) 166(17) 168 (18) <0.001
  DBP, mmHg 97(11.01) 97(10) 97(11)  97(11)  0.819 
  BMI, kg/m2 24.9 (3.1) 24.8(3.1 25.1(3.1) 24.9(3.1) 0.834
  Blood glucose, mmol/L 5.8 (5.1-

7.2)
5.5(4.9-6.7) 5.8(5.0-7.3) 6.0(5.3-7.7) <0.001

   TG, mmol/L 1.5(1.0-2.2) 1.5 (1.1-
2.3)

1.5(1.1-2.2 1.4 (1.0-
2.0)

0.156

TC, mmol/L 5.0(4.3-5.7) 4.9 (4.2-
5.6)

5.0(4.3-5.7) 5.1(4.3-5.9) <0.001

  LDL-C, mmol/L  2.9(2.3-3.5) 2.8(2.2-3.3) 2.9(2.3-3.5) 2.9(2.3-3.6) 0.002
  HDL-C, mmol/L 1.2(1.0-1.5) 1.2(1.0-1.5) 1.2 (1.0-

1.5)
1.2 (1.0-
1.5)

0.807

Ischemic stroke subtype          
  Thrombotic 2642(78.2) 663(77.7) 644(75.5) 685(76.6) 0.303
  Embolic  164(4.9) 38(4.5) 44(5.1) 44(5.1) 0.280
  Lacunar  655(19.4) 173(20.3) 190(22.3)  146(17.1)  0.221 
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SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; TG:
triglycerides; TC: total cholesterol; LDL-C: low density lipoprotein cholesterol; HDL-C: high
density lipoprotein cholesterol; NIHSS, National Institute of Health Stroke Scale; 
*Continuous variables are expressed as mean± standard deviation, or as median
(interquartile range). Categorical variables are expressed as frequency (percent).
 
 

Table 2.  Odds ratios and 95% confidence interval of 3-momths outcomes according to
ANGPTL-4 levels at baseline.
Characteristics ANGPTL-4, ng/ml Each SD   increase

of log-ANGPTL-4<78.7 78.7-
112.9 

≥112.9 P trend

Primary outcome: death or major disability (mRS 3-6)
Case, n(%)   154(14.4) 280(24.2) 416(36.3)    

       Age- and sex-
adjusted

1.00(reference) 1.63(1.30-
2.05)

2.72(2.18-
3.40)

<0.001 1.59(1.46-1.73)

        Multiple-
adjusted 

1.00(reference) 1.44(1.11-
1.87)

1.59(1.22-
2.06)

<0.001 1.24(1.11-1.38)

Secondary
outcomes

         

Major disability (mRS score 3-5)
      Case, n(%)   141(13.1) 262

(22.6)
347(30.3)    

      Age- and sex-
adjusted

1.00(reference) 1.70(1.36-
2.12)

2.35(1.88-
2.92)

<0.001 1.43(1.31-1.56)

         Multiple-
adjusted 

1.00(reference) 1.47(1.13-
1.91)

1.53(1.18-
1.97)

<0.001 1.14(1.03-1.27)

Death
 Case, n(%)  13(1.2) 18(1.6) 69(6.0)    

      Age- and sex-
adjusted

1.00(reference) 1.11(0.54-
2.27)

4.05(2.23-
7.36)

<0.001 2.23(1.79-2.78)

         Multiple-
adjusted 

1.00(reference) 0.76(0.34-
1.69)

2.03(1.03-
4.00)      

<0.001 1.72(1.32-2.23)

Stroke recurrence
 Case, n(%)  19(1.8) 20(1.7) 25(2.2)    

      Age- and sex-
adjusted

1.00(reference) 0.92(0.49-
1.74)

1.06(0.57-
1.98)

0.838 0.95(0.74-1.23)

         Multiple-
adjusted 

1.00(reference) 0.84(0.43-
1.65)

0.98(0.50-
1.92)

0.972 0.93(0.70-1.23)

  Vascular events          
 Case, n(%)  22(2.1) 26(2.2) 50(4.4)    

      Age- and sex-
adjusted

1.00(reference) 1.01(0.56-
1.80)

1.77(1.04-
2.99)

0.020 1.22(0.99-1.51)

         Multiple-
adjusted 

1.00(reference) 0.87(0.48-
1.59)

1.30(0.74-
2.30)

0.280 1.08(0.86-1.36)

Multiple-adjusted for age, sex, antihypertensive treatment, time from onset to hospitalization,
current smoking, alcohol consumption, body mass index, dyslipidemia, heart disease, high-
density lipoprotein cholesterol, fasting plasma glucose, history of hypertension, history of
diabetes mellitus, family history of stroke, SBP at baseline, ischemic stroke subtypes and
baseline NIHSS score
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Table 3. Reclassification and discrimination statistics for 3-months clinical outcomes by
plasma ANGPTL-4 among patients with acute ischemic stroke.

Characteristics  C statistic                                
           

NRI (continuous),% IDI,%

Estimate (95% CI)  p value Estimate (95%
CI)

 p value Estimate
(95% CI)

 p value

Death or major disability (mRS score 3–6)
 Conventional model 0.822(0.806-0.836)   Reference   Reference  
  Conventional
model+ANGPTL-4

0.823(0.808-0.838) 0.209 11.36(2.31-
20.41)

0.014   0.23(0.11-
0.44) 

0.033

Major disability (mRS score 3–5)
 Conventional model 0.804(0.789-0.819)   Reference   Reference  
  Conventional
model+ANGPTL-4

0.805(0.789-0.820) 0.464 1.11(-8.30-
10.53)

0.817 0.11(-0.21-
0.17)

0.292

Death
 Conventional model 0.819(0.804-0.833)   Reference   Reference  
  Conventional
model+ANGPTL-4

0.830(0.816-0.845) 0.204 43.11(19.35-
66.87)

<0.001 0.85(-0.64-
2.33) 

0.26

 
NRI=net reclassification improvement; IDI=integrated discrimination index. 
  Conventional model included  age, sex, antihypertensive treatment, time from onset to
hospitalization, current smoking, alcohol consumption, body mass index, , heart disease,
fasting plasma glucose, history of hypertension, history of diabetes mellitus, family history
of stroke, SBP at baseline, ischemic stroke subtypes and baseline NIHSS score

 
 

Table 4.  Subgroup analysis of adjusted ORs (95% CI) of primary outcome according
to plasma ANGPTL-4 tertiles.
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Characteristics FGF-21, ng/mL Each SD  increase of
log-ANGPTL-4

 
P-interaction<78.7 78.7-

112.9
≥112.9 P trend

Sex
Male 1.00 1.48(1.05-

2.10)
1.59(1.13-

2.23)
0.011 1.20(1.04-

1.37)
0.413

Female 1.00 1.60(1.06-
2.42)

1.78(1.15-
2.75)

0.010 1.32(1.11-
1.57)

 

Age, years            
<65 1.00 1.59(1.10-

2.30)
1.70(1.20-

2.40)
0.014 1.27(1.09-

1.47)
0.100

≥65 1.00 1.40(0.93-
2.11)

1.91(1.29-
2.83)

<0.001 1.29(1.11-
1.51)

 

Baseline SBP,
mmHg

           

<160 1.00 1.54(0.98-
2.40)

1.87(1.19-
2.95)

0.008 1.23(1.03-
1.47)

0.054

≥160 1.00 1.54(1.11-
2.14)

1.57(1.13-
2.18)

0.013 1.25(1.09-
1.43)

 

Body mass
index, kg/m2

           

<24 1.00 1.86(1.24-
2.80)

2.31(1.53-
3.46)

<0.001 1.30(1.12-
1.52)

0.250

≥24 1.00 1.26(0.88-
1.81)

1.29(0.91-
1.83)

0.234 1.17(1.01-
1.37)

 

Dyslipidemia            
No 1.00 1.79(1.21-

2.66)
2.10(1.37-

2.95)
0.007 1.25(1.08-

1.46)
0.224

Yes 1.00 1.17(0.80-
1.68)

1.52(1.06-
2.20)

0.020 1.23(1.05-
1.43)

 

Cigarette
smoking

           

No 1.00 1.40(1.01-
1.92)

1.72(1.25-
2.38)

0.001 1.27(1.12-
1.45)

0.088

Yes 1.00 1.47(0.91-
2.39)

1.77(1.11-
2.82)

0.034 1.18(0.98-
1.42)

 

Alcohol
consumption

           

No 1.00 1.38(1.01-
1.88)

1.70(1.24-
2.33)

0.001 1.25(1.10-
1.42)

0.792

Yes 1.00 1.45(0.86-
2.44)

2.04(1.23-
3.37)

0.019 1.18(0.95-
1.45)

 

Fasting plasma glucose, mmol/L  
<7 1.00 1.63(1.19-

2.23)
1.69(1.25-

2.29)
0.004 1.25(1.10-

1.41)
0.524

≥7 1.00 1.24(0.75-
2.06)

1.63(0.99-
2.67)

0.046 1.20(0.991.47)  

Receiving immediate BP reduction
No 1.00 1.24(0.85-

1.80)
1.42(0.97-

2.09)
0.075 1.17(1.01-

1.36)
0.190

Yes 1.00 1.84(1.26-
2.68)

1.87(1.29-
2.72)

0.002 1.31(1.12-
1.52)

 

In the multivariate models, confounding factors such as age, sex, antihypertensive treatment,
time from onset to hospitalization, current smoking, alcohol consumption, body mass index,
dyslipidemia, heart disease, high-density lipoprotein cholesterol, fasting plasma glucose,
history of hypertension, history of diabetes mellitus, family history of stroke, SBP at baseline,
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ischemic stroke subtypes  and baseline NIHSS score were included unless the variable was
used as a subgroup variable

Figures

Figure 1

Relationship of plasma ANGPTL-4 with study outcomes in patients with acute ischemic stroke Odds ratios
or hazard ratios and 95% con�dence intervals derived from restricted cubic spline regression, with knots
placed at the 5th, 35th, 65th, and 95th percentiles of the distribution of plasma ANGPTL-4. The reference
point is the midpoint of the reference group from categorical analysis. Odds ratios were adjusted for
covariates shown in table 2. (A) Primary outcome of death or major disability. (B) Death.
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